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L-ACIO. J -Najthlh(»l-5-Bul|>homc acid. 
LABDANUM or LADANUM v. Oleo-iiesins. 
LABEL VARNISH v. Varnish. 
LABRADORITE v. Fei^spar. 

LACCASE V. Ju^ncse Lacqurr^ art. 
Rbsins. ^ 

LATJ dye. Lac dye is produpetl by an 
insect, the Coccus kicca or jicm, living on the 
twigs of various kinds of troA, warticulariy 
the religiosa (Linn.), the Zizjj)hns jiijnha 

and the ButeafroTidosa (Hoxb.). These 
insect^ appd^ii^suail/ in November, and sub* 
aeqnently fasten themselves to the fleshy portions 
of t^o youilg branches. Gradually the»bdomen 
of the insoct^i become£|^covered by a viscous 
fluid, whi<^» slowly ffc'ms a ^lluie surrounding 
aniMial. Tho substance compo.sing this 
cellule is the stick lac. The cellule attains its 
full sue in March, and the insect then exlubitg 
tho apiicarance of a red oval-.shaped, smoothly 
})oliiied lifeless sac entirely tilled witli a 
•beautiful red liquid; it^ size is then the same 
that of tho fully grown cochineal (C-rookes, 
Dyinng andd^'alico Printing. 334). (Commercial 
stick lac is chiefly gathered od^th^hilly banks 
of the Ganges in India, that for dyeing purposes 
pgssessing a deep red colour, whereas tho palo 
perfuratW kind in which no insects exist is 
employed for ^varnish-making, and con8titutei*| 
tho material for shellac. 

Of lac^^ tho following varieties occur: slick 
lac, tho crude prodffcct together with tho twigs 
upon which it#is formed; grained lac, the 
material removed ^om^tno tw^s; and caked 
lac, tho la^r variety ^sed and cast into moulds. 

^ch a resinous material is not suitable f^r 
dyeing purposes, and a simple process is adopted 
to remove the colouring matter fr^m the resin, 
or at least to obtain ^ in a more concentrated 
form. Thjp consists m extracting the stick lac 
with hot dilute sodium carbonate solution,, 
evaporating the* extract, aAl muul^g«the 
residue into square oa^es. .According to (’rookes 
the product, which is fac due, contains on 
Vot. IV.—T. 


i an average about 5U p.c. of colouring matter, 
j 25 j).c. of resin, and 22 ]).c. of earthy impurities. 

Lac dye is an extremely ancient dyestuflf, 
and was employed in tho East for many centuries 
^'fore it was known in Europe. It appears 
to have been introduced into this country about 
1790. .jjarly in the last centu^, lac dye was a 
very important arti5lo of commergg-^ much so 
t hat at one time shellac was jli’actically a byet ^ 
Iiroduct oi its manufacture. Tho posiSon of 
these pAducts has now necn rpversed, for 
whereas the dyestuff is almdbt no longer ased, t^e 
shellac industry is of considertble importance. 

According to the^flder writers, the colouring 
matter of lac dyo was conslderqjjl to.^e identical 
jlwith that of cochineal, but that this is not the 
case has been clearly established by Schmidt 
(Bcr. 20, 1285). • f 

Laccaic acid. —Finely powdered lac dye, 
after treatment with dilute hydrochloric acid 
to remove mineral matter, is Extracted with 
boiling water, and the colouring matter is pre¬ 
cipitated from the resulting solution by ^^na 
of lead delate. 0 lead pi-ecipitate, sus^iended 
in water, is decomposed with ^Iphurotted 
hydrogen, and the filtrate which contains the 
free colouring matter is evaporated to dryness. 
The residue*tliu% obtained is extracted with 
alcohol and etlmr and is then adcred to the solution 
usiftl a precipitate ni® longer forms. Tho 
filtered liquid on grwlual evaporation deposits 
crystals of laccaic According to Schmidt, 

the amount of pure colouring matter which 
can be isi^ated l^This method from a kilogram 
of Jtic dye is 20 grams. * * 

*A sil%])lor process has been ^escribed by 
Bimroth andKJold^chniMt (Annalen, 1913, 399? 
02), in which tln^stick lac is digested in waWt, 
at 5U^ the clear red solution, after cooling.^ 
acidified with acetic acid, separated from the' 
yesinouH matter that is 

evajjioration to^small bul^ acidmed with hydro- 
chfcno acid. When the crude product thus • 

1 obteined is crystallised from hot 85 p.c. formfb 

% . B * » 



acid, washed, dried (at 60'^-70®C.), and reci^B- j yields the hydrobromio Mid compound of its 
tallised from hot dilate hydrochloric* |X)id, methyP' ester (JiaHjjOjiBra.HBr, colourl^ 


needles, m.p. 133®-134°«(decompoaition). 

P’Broinolacmin semrates from n^tfter in| 
crystals of the composition 
• OiaH.OgBfe 2 H 3 O 

it has Va.p. 234°-235® (^ecompo 8 ition)| ^ H 
dyes wool orange from an acid bath, andr gives • 
a stro^ red cSour with ferric chloride. The 
potassium felt Ci 2 H(fgBrK 4 , HsQ, crystallises in 
hexagonal plates. CV)ncentrated sulphuric acid 
and acetic anhydride produm diaatylp-br^o- 
and not CigHi 20 g, as Inccain anhydride (-igH^O^Br, indicating that 
previously supposed. « ^ two hydroxy groups are present in the moljcilo, 

♦ Although no distinction i^ t<> bo observed , and that it also contains tjvo darbo^l gr^upl 
►■(^n the ^so rption 8])ectra of the a([iieous and in the ortho positjrm. • • ^ 

alkalineslnfttiefei* laecaic ami earnjiiii(5 acids, 


laofeic acid separates in the form of dark red 
mitfroBcopic rhombohedra. The acid is s<flublo 
in water yielding blood-red solutidns, but is 
insoluble in ether; when heltecl it decomposes 
at about 180®, yielding a small quantity of a 
red sublimate. Only the sodium hydrogen salt 
has been prepared in crystalline^ondition, and 
to this Dimro^ ascril)cs the formula 
r ^ (!2oWi20ioN42-(!2olfia<>ioNtt 


* he concludes t 
position C 2 oHi 40 ,o^ 


that the acid has the com- 


it is possible when^the colouring matters are 
dissolved in sulphuric acid to disci nninate 
between them in this way. When fused ■with 
potassftim hydroxide, laecaic acid gi\es, 
^jddition to » substance volatih* in 
colourless noodles, imp. 142''^,I43''’; a com¬ 
pound [h) (^loUflOg, or C’l„7fgOg, m.p. 285®, 
readily soluble in«waU‘r; a compound (c) 
.• 0 * 11 , 02 , m.p. U) 0 ", jiossibly a liydroxytoiuic 
*acid; and (d) an e.asily soluble substance, tlio 
aqueous solution of winch gives a black colora¬ 
tion with ferric chloride (Schmidt). 

Reduction of laccaic acid with tin and 
hydrochloric acid, or with xinc-dusl and aipieous ' 
ammonia, yields a compound ('aoHjgUy, whiqh 
crystallises in brown-yellow rhomboliedra, ana ; 
which on oxidation by means of cujiric chloride* 
and hydrochlorib acid, yields a substance nl the ' 
oomposiA'^li^ 2 <Jfi 40 g, wlii5h Dimroth consulers ; 
is related totii^ former substai»o as quinonc to 
nydrc^uinoiie. • 

Although laccafe acid does not yieM crystal- ■ 
Ijne brominution prtiducts similar to a- and )3- , 
bromocarmine, dbmpounds of this natun* have I 
been obtained by Dimrolfli from its oxidation | 
prodmvt, q^aic ^cid.* 

Calaic acid is produced when laccaic acid W 
oxidised by means of hydrogen peroxide (2i-3- 
molctttlar propoftions) in the presence of a 
catalyst (cobalt, manganous, ccrous, or ferrous 
salts; manganous chloride is best). 'J’his acid, i 
cfystallises from ether in small j 
yellow prisms, and from water in needles having j 
th%composition 0 ^ 11 , 4 O,,, 24Hj(). It docs not 


position. 

Oxidation of ^-bromolac^in by meins 
hydrogen peroxide in warm glacial acetic acid 
yields two ]>roducts, viz.*(i) hydroxygiricarho^icy-^ 
■fihe/nyl-glyoxijlic acid, ana (ii) a compound 
The former, which iij the chief 
product, •crystallises in plates, m.p. 229‘r)® - 
2.30'' ^ilccomposition), tfnd on* Ircatmentv with 
concentrated sulphuric acid at 130"’-] 40'’ 
yields a phenol-tetraearboxylic acid which 
melts at 212®-2I4® 1 decomposition). 'Fhe 
second oxidation jnoduct of (S-bromolaccam has 
m.p. 188®-190° (decomposition), afid readily 
loses bromine : for it Dimroth tentatively iiro- 
poses the formula— 

(!00H OOOH 


HO-C- 






Br^C 


ov 


■U-^,'OOH 
i'—OF 


(y 
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\c/ 

I 

4 . 

l‘’or ^-bromolaccain itsolf^Simroth 
GuldBoliijiidt suggest the structure-j 
(^OOHO . 


and 


HOOC—0" 
i 




vc/’\c- 


OH 


HO-<: 
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0 —Br 
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.On. . . 

dyeing properties, euntains onofcarbony ^his thmi find support in*Uio fact that 

and three ^rboxyl groups, alid may he punhed , rosemhiau 2TG-dihydroxy-a-naphtho(iuinomi 
b^means^olrtscrystalhncyirmmsalt.^ A silver , reactions. Moreover, it behaves 

... . bromocarmine in thatrit 


salt, (!„H, 20 i,Ag 2 , has also iieeti prepared. i ^cry similarly to 8 
When calaic acid is hripiiinatod m glacial i ,nHone i 


rid, tw8 products are formed: (i) an a-bromucarmine), when its lioiling solution 
1 ““5,^i-brdnio- ju crater is treated with bromine ; 

t 14 II riv>. + l>AaA I.AIIISY OATVa - 


BraC 


acetic acid, 
a-ketonic 

laccain C, 2 H 50 flBr,^thcse products being sepa¬ 
rated by taking advantage of the solubility of j 
the latter in cold acetone. * 

The a-kotonic acid ffip^jps br?hvn-yellow 
crystals, m.p. ftb8®-209®; it gives an impure ; 
red-violet cqlour reaction with forrief chloride,. 

«ind when heated to 8§®--90^ witl* concentrated : 

^ iulphuric acid, it loses carbon monoxide, 

^y ielding a monobasic acid OiiHjnOgBrat which 
^has m.p. 245®-24C® (dccompo^ion), and gives 

am intense videt c^ur roadiiou with ferri^ _ _ — - 

chloride. Th^ keto-aoid forAs a phenyl- needles? and yiells 2 : 6-dibrobiophenol-3 :4: 6- 
* hydraxone and semicarbazone, and, by trtat- ' tricarboxylic acid, i^.p. 267®-258®, and bromo- 
fiaent with methyl alcoholic hydrobromio apcid,' form when treated with sodium hypobromite. 

• • . • i 


0 ^OH 

!i I ^ 
VcA^-Br 
II ‘ 1 • 


0 


ir 


This cpmpound crystallises in colourless 



Dyeing pro^rtied —The dyeing propertied 
of lac dye are practically identical with tRoso of 
cochineal, but the shadfe^obtained are somewhat 
if aster.* Owing to the resinous and mineral 
iinpuritils accompanying the colouring matter, 
it if not readily soluble in water, and beforft 
use it is therefore ground to a paste fvith the 
requft^to (luantity ^ tin spirit together with a 


with the urushinio acid (urushiol) of Japan 
lacquer. It is known as thit&iol O28H3.O3, and 
is a homologuo of wohydrourushioJ. The eflior 
extrlht consists of a gumuiy substance soluble 
in water, add a nitrogenous, coagulable substance 
which acts as an *oxygep currier in the drying 
of the lacquer, b\it loses its activity when heated 
above GO® (Rosenthal, Karbenzeit., 1914, 19, 


little nydrochlonc acid, and allowed to*stand j 1573; Majiin^«Ber. 1922, 56, lyi). 
overnight. Coohineal»audJ«c aye q^n ho used ! • Chinese laoquer. The tree ijf a])undant in 
together with advantage, or after the wo(d is Central China, growing wild or under cultiviJi^i' 
dyM with lac it may bo entered into a fresh ' at altitudes of 3000 to 7500 feet. It is tajjjp|j|^ 
batu with oochii%a]. Its employment at the , in June or early July; {^lalftw incisions^re 
prAent time is, however, extremely limited, ; made in the bark of the stem and the greyish* 

, F*wlcr (Indian Textile Jour. 1917, 244) has ! wlfite, milky juice colleel^d in sheilB, bambo^is, 
madt^attfmpts to •standardise various Indian &c., and covered’with oiled paper to proyenti 
ploift^ng matters so that tho3»may he marketed oxidation. The tapping is re^jj#;edji:c-ven times 


Tn uniform stren^hs. It would appear that 
‘ Lac dye ’ is one of bhose*with which he has 
♦been concefnod. • A. 0. P. 

LACM0IDCi3U,N04(?) . . 

Prc‘par(f(,ion.-^i) A mixture of cesorcinol 
(20 ports), sodium nitijte (1 part), and water 
(1 part) is slowly heated to 110®, when a v%orou8 
reaction sots in ; the mass is then kcjjt at 115*^- 
120® until it has becom# quite blue and no more ^ 
ammonia is evolved. The product is dissolved , 
in water and the lacmoid precipitated witli 
hydrochloric acid (Traub and Hock, Bor. 1884, 
17, 2015). (2) By fusing resorcinol (5 jiarts) 
with potassium nitrite (0 parts) (Boiicdiet and 
Julius, Monatsh. 1884, 5, 534). (3) By the 
action of HjOa on ammoniacal re.sorcinoi solu¬ 
tion (Wurster, Ber. 1887. 20, 2938). 

To fmrify the subst-aiico, extract ♦t almost 
completely with boiling water, cool,•filter, and 
acidify the blue solution witL hydrochloric 
acid. Filtoi* off the precipitated lacmoid, wash 
with cold water and dry it below 100®. An 
ftiernative iimtbod is tf warm gently powdered 
lacmoid (8 pwJ*; with 20 p.c. alcohol (100 parts) 
for 15 fniuutes, cool and filter (Foerster, Zeitsch. 
angow. Ohom. 1890, 3, 163). * 

Fropertks.'^A glistefcing^ brown powder, 
easily soluble in iffethyh^eth^l, or amyl 
ulcohol, *^ootonc, acetic acid, or phenol, less 
easily in ether or water, insoluble in bcuzeiio 
or poWoleum spirit. It dissolves in concen¬ 
trated HCl or H2SO4, yielding a blue solution. 
Heated below 200® it decomposes. 

* Lacmoid differs fron#tho colouring matter 
of litmus in being soluble in string alcohol. Its 
absorption sjfeotrum resembles ||iat of azolitmin 
(Hartley, Proc. Roy. Dublin Soc. 5,•ISO). 

For the use of lacmoid as an indicator, v. 
Thomson (Chem. News, 1885, 52, 18, 29) and 

AciDTMli'ftlY AND ALKAUMETBY. 

LACQUER ^ (/riw/a, Ki-urmhi). A varnishq 
usually obtained from the juice of Rhus vernici- 
fera (DC.), a tree ip^gonous to China, whence 
in early times it was introduced into Japan 
(Bull. Imp. Inst? 1910,^,162; •!. Chem. 
Ind. 1910, 639). 

BurmeM lacquSr, <#' tbitsi,’ is obtained from 
tlie Aoi^s of MehfUfrrhoea usitaUt (Wall) as a 
grey viscous liquid of sp.gr. 1*0016 at 20®, 
which, on exposure to air, beoomos^first brown, 
and then, very rapidly .•deep black. The dryteg 
of the laeqaer is not accelerated by siccatives, 
and is retarded liy dry beat,||the prespnoo of 
moisture being essential. The constituent of 
the lacquer soluble U alodhol is not identical 


at intervals of 7 days, an(>t’he tree is then left 
for 5 -7 years to recover. Much of the varnish 
is sent to Ja])an. 'fho lacquer is frequently 
adultorate<l with tung oil. • 

» Japanese lacqueft The lac<iufr tree groi^ 
abundantly all over Japan, and is cultivateu 
largely in the dfttnet north of Tokyo. Tap})mg 
takes place when the tree ^ iO ^ears old and is 
continued from .luiie to October, each tree 
yielding from 27 to 54 grams of lacquer. Usually 
the tree is left to recover, but sometimes it is 
cut down. In tlie latter case, a further yield of 
lacquer is obtained from the branches by 
steeping them in water for 10-20 days, and then 
making incisions and beating the water to cause 
Vie sap to exude. T’lio varnish thus obtained, 
called se'fhtnc-tirusJii, is harder and of poorer 
quality, and is used only for groundwork and 
for chea^ articles, best cj^ualiW ^g^btamed 
from between t^o inner and outermurk of trees 
from 14 to 15 years old. It is called ki-^rushi 
(Pudor, ^tsch. offentl. Chem. 1910, 16, 315). 

A very inferior quality, knqjvn as Mohv^ysln, is 
used mixed witli the bettor kiuds in varyirife 
proportions. Both (ihinoso and Japaueso lac¬ 
quer contain urushiol (//.?’.)e ^ 

Yurian lacquer is derived froffi R,*succ(dawa 
*L. Ills), Formosan lacquer from Semeoi^arpua 
vernieijera, and ivy lacquer* from 11. j^xico- 
deudrov. These contain Uiccol CjaHagO.., a 
homologuo of urushiol. Siam lacquer is pro¬ 
bably a mixture of Yuuan And Burmese 
lacquers. Korean lacquer is probably identical 
with Japanese lacquer (Riko Majima, J. Tokyo 
Chem. hjpe. 1919,40,91). • * 

TTio raw varnith is packed in wooden tubs 
and covoi-ed with oiled piaper to prefent oxida¬ 
tion. Jt is prepared for use by various processes, 
the quality value of the varnish and of the 
lacquered ware pftiducocl dcpdiiding upon the 
ti|ji# and care »pent upon the purification. 

The juice is strained trom-particles of bark, 
&c., and is allowed tt stailfe in wooden vessels 
until it separates into various layers, when the 
liglitcT an# finer qualities are decanted from the 
heavier and inferior varnish. *4l’ho product is 
finally filtered through hempen or cotton cloth 
and exposed shallow vjpoden parts to the h'eal^ 
of the sun or to^arlificial warmth. It thu« 
becomes syrupy atid of a dark brown colour, the • 
chang^boing duo principally to loss of water.?^ 
it is thinned wUh camphor or oil of turpenl^ne 
i^r other suitable solvent.^ V 

Uploured lacquers are prepared from ki> • 
'i during the exposure to the sun [v.s.) by 
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mixing in appropriate pigments, those most j 
commonly employed being as follows (Miy(ima, moistitre 
J. Tloll. Engineering, Imp. Univ. Tokyo, 1908, Urushiol 
4,«01 ; J. Soc: Chom. Ind. 1909, 31§)i 

ITAilc.—Barium sulphate ; bismuth oxy- ; hlitrogen' 
chloride. . 

Red .—Cinnabar ; rouge. . I , iSun.«J 


Japanese * Chinee Indian 

Moistiffo , 17*81-2()**72 p.c. — ~ r 

Urushiol. 64-14-77*fi3 :Hi-88 p.c. 26-39 p.c 

Gum . 2-62-7-57 ^ „ 23-5 „ 3^’>>78 „ t 

Nitrogenous 

* matter . 1-78-2-47 „ — — < 


Jilv4 .—Prussian blue ; ultramarine. 

Yellow. —C^aflmium sulphide; 4ead chromate; 
orpimeiit. \ ' 


Sun-dried Japanese lacquer contains 94-6 f».q- 
urushiol. ® « 

Urushiol towns a compound with barium 
hydro3flidoy«»aud is festimatod by titrating with a 


—Chromic oxide .(or by the addition | solution of that base, using phefiolphthalein as 
Sn^ijadigo from J'^nh/nonhin linHornm (Ait.) to the j indicator. • e V 

velmw lacquer). » I Urushiol may be obtainoC from lacquer by 


yen(>w lacquer). » 

Ulack .—Tjamjfblack ; iron powder or com 
pqunds of iron. c 
r» Brown .—^Mixture of rod and black. 


Urushiol may be abtainoC from lacquer by 
repeated extraction with alcohol, and is purijjed 
by treatment with petroleum spirit, it is d'light 
brown, viscous fluid, Hp.gr* 0*9087 al 2r'^74'‘, 


I'he so^alli‘.pear-ground’ lacquer, used ; and is readily soHible in most organic solvcnterJ 


with gold-dust, is i>fej)arc<l with gamboge. : It forms a dimcthyj ether ai^fi an easily hydro- 
Vfie of the lacquer.—Tho prepared surface of ! ly.sable aco-fyl derivative* On dry distillation 
the article to be lacquered first receives several it yields various hydrocai4)oiis and^’polyhydric^^" 
coats 3: the })oorcr quality mixed wilW a special iihonols, but no simple alicyclic hydri»carbon or 
day called ch^.ng-ehyi, or iif some eases wifdi m ordinary #x.'r])ene (Majima and Cho, Per. 1907, 
inferior clay or w’ith pott(Ty dust. After each ; 40, 43^0 ; Alajiina. ihid. 190915' 42, 1418, 30G4 ; 
coat,'the article is kept for several days in a | 1912, *45, 2727 ; Majima and Nakamurc.. ibuJ. 
moist atrnospldre mtjfd the lac(|uer has set, and . 19J3, 40, 4080 ; ibid. 1915, 48, 1597 ; Majima 
is then rubbed down with jaimice to a dull, and 7'aliara. tbtd. 191#., 48. JOOO). Tsciiirch 
smooth surface before anotficr coat is given, and bttn'iuis (/.c.) fouml in the lac au irritant 
The final coat is of the better (juality lacquer, jHiison, named by tlicm vcrnirtfcrol. This 
and th(‘ article may be further decorated with a substance, may be ulentical with thd corajiound 
pattern in coloured lacijuer. Any joint in the Ci 5 ll 2 .-(‘,![ 3 (OH )2 found in lacquer, which, 
wood is scraped down below tlie general level of according to 4’oyama and Kayaba (C7iem. Soe. 
the surfai^e and then filled up with alternate Abst. 1918, 1J4, li, 143), is poisonous. Lacquer 
layers of silk and lacquer. \ iHUitains a hydrated anil a methylated 

■^Lacquering is applied to small artiidcs, e.g.<[ urushiol which are toxic, and a dimrthylated 
card-cases, vastfs. images, &c., either for orna- and a lyj^dro-dimethyl'iled urushiol which arc 
mental fairno ses or for j/uetical use.^ Hollow non-toxic.’* 

articles (Iflacil^cr are made 1^ budding up a l^acquor poisoning may be produced in 
laycr«Df lacquer and silk on a clay njodel which snsceptiblctindividuals by jiassiiig jftar a lacquer 
is afterwards washbd out with water dhroiigh a tree or through a store containing lacquorc^ 
hole lelifc for that jwrposc. (For full details of articles. c **• 

tlio nianufaeturetof lacquered ware, Nightin- LAC RE^IN p. IIesi^s. 
gale, J. Iiidust. and Rngiiw-i-ring Cliem. 1911, 3, LACTANIN v. Svnthktjo t)ruj(4, ,, 

59; ^^irkshopdleceipts, 3rd senes, 306.) LACTARIC ACID (.•j|H2fG()(>H is obtained 
The dl^-ing'iif lacquer ut ordumry tempera., by extracting th^-fuiikiij Agnnfue integer with 

turos i.s caused by an enzyme (au tt.xydaae) called ■ alcohol (tiuut, itull. iSoc. chim. [iii.^2, 153); 

laccatt, containrtl in the sap (Tschircli and | ni.ji (ih-.'i''--70°. ' 


Stevens, Arch. Pliarm. ]IK),7, 243, ,504; ,1. Soe. 


is tlie enzyme docomposing 


(.'hem. ind. 190(1, 81). During tlic (Irying it, lactose (milk sugar) to dextrose and galactose, 
absorbs 5'7.5 jko. of oxygen. 'I’hc distribution in animals is limited, jbeing 

It may also be dried by lieat, this proces,s : contiued entirely to the intestine and generally 
lieing specially apiibcablc to lacquered articles I of young animals onl}'. Lactase has not begj. 


in 4-5 hoifta, at 1,50° in 30 nimutes, and at 180° that it playli any part in the synthesis of lactose 
in 10 minutes. The drying iiy heaji is attended I ill these tissues (Bradley, J. Biol. (!hem. 1913, 
by absorption of oxygen and sonce deeoiiqiosi- 13, 431). I’limmer (J. physiol. 190fh 35, SO) 
tiiiii, giving a Hai'k-coloiimf coating which is found lactase in tlie cat and the pig (Turing the 
harder and more durable tliaiitthe cold-ilrkid '*whole of their lives, hut only* in the young 


harder and more durable tliaiitthe cold-ilrkid 'whole of their fives, but only* in the young 
lacquor. Coloured lacquers cannot usually be guinea pig. The gastro-intestinal sac of snaihi 
dried by heat hocatse ofttlie darkening of the , contains a lactase (Bicrryn Compt. rend. 1909, 
lacquer. For a similar reason it is not the' 148, 949).' It is present in a few toiula (A’, 
practice to use ‘ driers' in lacquers. V I fragihs, A kayizr, R.<4utime^, &e.) and in kephir. 

Compositiom ^>f hrcijin’r.-^Tie main con- j Lactose is also hydrolyaitd by the emulsin 
stituent of most lacquers to which their peciliiar j derived from almondiA. wfhich uocordingly 
^ropertries aitc due, is wi uiisatura^d polyhydrio j ixintaiiis a lactase. There is appa^onlly a 
fhcnol, mnehiol, having th> formula CjoHaoD, difference between kcpliir and almond lactase, 
* (Majima, Ber. 1909, 42, S604; 1912, 45, i since the hydrolytic activity of the former is 

“27in). * i restricted mainly by galactose, that of the latter 


guinea }iig. 'The gastro-intestinal sac 


*• 'Tokyo, 
466) 


inteatine.s of animalsTs inhibited only by glucose. 
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a^»l is therefore sinylar to almond lactase. 
Ijactasg also hydrolyses ^-methylgalactoside 
'and melibioso. The op^mum activity is about 
37°. Laotaso is precipitated by alcohol, and 
belAves very similarly to eraulsin; its rate of 
acfic^ is governed-by the same laws.* It ho^ 
’not b®Dn fully investigated. E. F. A. 

LACTIC ACID or a-HYDReXYPROPlONIC 
ACID (Cler. Mi^htdur^, OlfsCHlOHlCOOH, was 
first obtained by Schoele in 1780 from sour milk. 
ItsJexact coHstituUon was, hoVever, first ascer- 
taivod by Liebig Ind Milscherlich (Annalen, 7, ; 
47^»and by Gay-Lussac and Pelouze {ibid. 7, 40). , 
Pt i;^widely distributed in nature, o<!Curring in , 
the Itieser Sbntaury (Erytkroea (kniaurinm \ Pers.]) 
■Ptfabeil'mann, Ghom. Zeit. 30. lO); in the sap of 
the vine; and in nmst fermajited liquids of vege- 
^table origiry especialj^ in sour milk ; it is not, 
“however, present in fresh milk. It is found in 
beet inolasijps, and owes its origin to the boiling 
of the sucriKso solution with lime in tfle process 
i>f defecation (tSelfcne and 'rollens, .f, 8 or.^'hcm. 
Ind. 1901, 54; Weisberg, ibid. 375: Boythxm, 
Parcus and Tollons. Aimalen, 255, 228). It has j 
also bt'cn found in smaltquantities in saliva ; in , 
the brain and under certain conditions in tin* i 
gastric juicp ; in the blood and in urine. The ' 
acid obtained by Uracoimot, and termed nariceic i 
acid, as well as the thrbolactic acid obtained from 


of previously boiled for a few minutes 

with, 100 o.c. of water. 7'he solution is Pept 
simmering,for 30 minutes, their cooled to C0°- 
70°, and after stimng is poured into a narrow- 
necked bottle, (ir ‘litres capacity. The 
calcium carbonal.c is rinsed out with water and 
the solution ^jiade U]) to 1800 c.c. 'I’he bottle 
' is placed in an tir-bath at 45°, a small quantity of 
! ’sour milk or casein added to starlrfermentation, 
j and a wad of cotton* used to stopper the bc^Mfth. 
The bottle is sliaken every few^liours for 6 
and when the unfernientcd sugar is less than 
0‘4 p.c. the solution is filtered. The final 
filtrate aftcT concentratioi* should be one litrei^>f 
, 25 p.c. acid. Kassner (('hem. Zentr. 1897, liAB 
j 20) dissolves 300 grams of eani sugar and 15 
grams of tartaric acid in 1^00 grams of boiling 
water and allows the solution to stand for 
several days, the temperature being maintained 
at C 0 ° ; RXi grams of old cheese and a littfc more 
^haiPthe calculated Quantity of finely powder^ 
chalk are the^ added and fermentation is 
allowed to proceed with daily stirring for nbout 
3 weeks. Hrcnsch (Annalwi, 01, 177) proceeds 
in a similar manner, but during fermentation* 
keeps the temperature at 30°-35°. Lauteinann • 
{ibid. 113,142) replaces the chalk in the original 
mixture by 2 kilos, zinc white. After about 10 
days a magma of zinc lactate together with some 


opium, have been proved to be identical witli 
common lactic acid. On the other hand, the acid 
obtained by Berzelius from flesh, and further 
investigated by Liebig, differs from the^ordinary 
lactic irbid in certain of its proix^rtjps, and is 
therefore distinguished as jmraladic aad. This 
will be described later on. • 

Lactic acid is formed in the fermtmtatiou of 
viarious sugars, of mannitol, and of dextrin 
rERMENTATK^h ^^^d al^ by the action of caustic 
alkdis on the sugars. It has also been obtained 
synwietically in a number of ways, t^ie three 
most important of which ^re the following :— 

(I) AlddhyJe unite# 'mih kydi^igen cyanide, 
forming ^ nitrile 

(JHaOHO+HON -CHaCB(()H)CN « 
xnd tilts on treatment with acids is converted 
ato lactic acid (WisUcenus, Annalen, 128,13,22). 

, (2) By the action of alkalis on a-chloro- 

^opionic acid (Friedel dAd Machuoa, Annalen, 
120. 285) 

:H;,-CUC1-C0*0H+2K0H • 

=CH 3 -CH(OH)OOOHf KCl+H.O 

3 (3) By the reduction of pyruvic acid with 
ium amalgam, hydriodio acid (Wislicenus, 
Annalen, 126, ^7), zinc (Debus, ibid. 127, 332),' 
3 r eloctrolytioally (Tafel and Friedrichs, Ber, 
1904, 3187) 

CHj,*CO‘COOH+ft2-:CHa-CH(OH)COOH 
These syntheses ciearfy iftiow ttiafc tTie acid is 
i -hydroxy propion |p %cid. 

In ordef to distin^ish lactic acid from the 
iIlieiTacids it is frequently called elhylidene-lactit 
)r fermeniation lactic acid. 

Preparation .—Lactic acid is usually pre- 
>ared by the fermentatlbn of sugar. McLauchSn 
,J. Soc. Chehi. Ind. 1909, 734) recommends the 
following method t 400 gramt of oomineTcial 
glucose are dissolved in 1200 c.c. of hot water, 
end to this is added 1*70 gAms of whitening nr 
well-powdered calcium carbonate and 20 grams 


; mannitol is formed, wliioh may bo recrystallised 
' from water. 'J’hi' purified salt obtained by 
; afiy of these methods is dissolved in boiling 
•water, and precipitated with HgS, the filtrate 
I evaporated to a syrup, cooledf and separated 
j from mannitol and i-^y uiidcconqiosj^ salt by 
j e.xtraction with ether. 7’he syru^ wTiich remains 
after evapeyation of the ether is then warmed on 
the water*bath. * 

A largo number of mioro-organisjis are 
I capable of causing lactic fermentation of sugar; 

I these are classifii^d according to their niorpho- 
• logical jiroperties, their grdwth on ijiedqi,, and 
I fhiefly their fermentative power {cf. Lore and 
j Brooke, U.8. Dept.' Agnc. Bull, 154, 1). Bac. 
i acidi lacti, types i. and ii., and Bac. lactis ter§genes 
1 are those most commonly occurring, and of 
tliese the first nameil is by far the most plentiful. 
'J’he solution must he kept neutral* and access of 
air must be allowed, as well as the necessary 
nitrogenous food. Its form in a highly nitro¬ 
genous taccharine solution, is a double trun¬ 
cated cone, and it lias the tendency of all lactic 
' bacteria to link itself together in pafts or short 
i chains (Claflin, J. Soc. &iem. Ind. 1897, 518), 
j Where potato or other starch saccharified bv 
^ malt is used for the mash, Bac. f)elbreicki, which 
] fevndonts malt^e, is usei^ as the fermontating 
! organism. (For further ^rticulars of the 
i micro-organisms, v. ifhdreeSeh, J. Soc. ('hem. 
i Ind. 1897, 53; Be^hmann and Bazarewski, 
ibid. 190(lf 698; Harden, Chem. Soc. Trans. 
1901, 624; J. Soc. Chem. 4*d. 1901, 921 ; 
HaHhimote), ibid. 1902, 506; Beiierinck, ibid. 
1903,106 ; H«nne)^rg, ibid. 1904,732 ; Buchner^ 
and Meisenheimoi^innalen, 349, 125; Wehmen 
Chem. -Zeit. 30, 1033; Heinemann, J. Biol.' 
Chem. 1907, 2, 603.) Lactolase is an enzyme" 
which causes tm formation of lactic acid«iii 
pliant cells (Sfltklaaa, Cmem. %entr. I’OOS, i. 
265«? 1907, i. 828). Malic, succinic, tartaric, 
and. citric acids are all readily converted iiitd 
JaAic acid by certain moulds such as PcncilUutn 
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LAC?riC ACID OR a-HYDifOXyPROPIONIC ACID. 

gla^cumt Aspergillus mgr.r, and BoiryUs*(^cra ; the solution is neutralised with milk of lime^r 
(Bied. Zentr. 1^8, 37, 215). « ' chalk in suspension, as the lactic acid Ijacteria^ 

*For the preparation of the acid frmn sugar by ' are only healthy in solutions containingfbetween 
the action of caustic alkalis,dCiliani (Her. 1882,11)’02 and 0*5 2 ’*o. of acid; the fermentation is 
699) recomnioiids the* following mctliocl: 500 ; best completed in from S to C days. The yr- 
grams cane sugar arc inixctl with 250 c.c. water, i mented liquid, which oon^ins calcium Ij^tatfi 
and 10 c.c. of the sul})huric acid ♦mployed later I with ^ layer of dead bacloria floating oil' it, is* 
on, and wanni'd in a flask of 2 lifrcs,caj)<'K'ity to i evaporfited and ^lter(‘d. For a commorcial 
60*^ for 2 hohrs. To tlie well-e<«iled .solution j acid, decolhposition*of the syruiiy solution of 
4U^L'.c. of caustic soda .solution (I part of e.uiHtic i calcium lactate jvith sulphuric acid giveij, an 
part water) are gradually added, the mix- | acid of Rufficient jiurity, w^ch rS&y be Cou¬ 
ture being consta'iitly cooled. The exact' centralod Iron may ho removcd«by 

quantity of suliiliurie acid nece.ssary is tVeii! stirring the cooled liquor from the vofiihm 
altowod to flow in : * t he acid is prejiared liy ! pans and leaving it to stanr^l for some dgyp, or 
adding 3 j)art^ HoS<hj to 4 iiarts water, and • tlie addition of a little potassium fefroc^nide 
previously direetJ^'^•oiiiparotl with the caustic i has been used. It is impor^nt that the lact^ 
soda solution by litratioii. A crystal of (>lau- ^ acid used by the dyien* shoulii lie hon-frec. The 
ber's salt is added to iacilitate crystallisation, ^ concentrated acid for coq^mercial purposes is, 
the whole being (pooled and well slmken, ami about 80 2 >*c. If a jmre acid is required, the 
allowou to stand 21 Jiourf^ The mass is theij I Solution calcium lactate is set to,crystallise ; 
extracted wifii 03 ji.c. alcoliol, lillercd ofi* the [ the solid crystals are pres.sed ^ rcmov'c mother 
pump, and half the filtrate feutjvili.sed with j Ihjuori and may bo rei^rystailised if lequiied 
Zn(H\ on the jvater-bath, then mixed with the I (CInflin, J. Soc. (flioin. Ind. 1807, 510 ; Ort*her, 
other jiort ion, and tlfe whole allowed to stand 30 ' tbid. 1898, 1070 ; Mcl^qnchan, ihid. 1007, 734 ; 
hours. The separated zinc salt is filtered off, cf. Just, IJ.S l^at. 808444 ; J. Soc. Chom. Ind. 
well jircssed. rccrystallised from water, and con-; 1907, 1211; I). 11. i*. 203300; ('hem Zcnlr. 
vortod into the acid as before. i 1908, ii. 1843). Various methods have lieen 

Just as lactic acid may be obtained by : patented for the manufacture of lactic acid, 
boiling hexoses and hexobioses with cau.stic : differing mainly us to tJio source of the saccharine 
alkalis, so it may be obtained from iientoses solution. Midln and Lowin (Fng. Vat 10430; 
such as arabinosc and xylose (Katsuyuma, i hr. Vat. 35.5.'320 ; J. Soo. ('hem. Ind. 1905, 
1902, 009 ; Araki, Zeilsch. physiol ('hem. 10,^ 1248) 2>laco alternate layers of ma\t and rye in 
403) and from canc sugar ond raffinose (Bey- a suital^e apiiaratns until saccharifici^tion of 
thion, I’arims, and 'J'ollen.s. Ainmlcn. (p55, 222). ' the starcl^ is complete. 'I’ho must is removed 
Meiacnha^^ (^or. lOOH, states that hviir by pressure and fermented as in above method 
acid is formed in small qiiantitfcs when gIuco.se. I (f/. Brooke.s,•Eng Pat. 5780 ; Soc. Chein. 
fructffse, or galacVise are allowed to stand in i Ind. 1885f IK); Avery, Phann. J.* Aug. 5, 
dilute sodium hydroxide for many ^lonths in 1882). Jean and Hougard obtain lactic a^ 
the daft:. * ' from powdered grain or oil-frca^ike (Pr. Vats. 

Jlfflww/aditrc.“Thcrc are three stages in the 315325, 315320, 321374; J. Soc. Cliem. Ind. 
manufacture! of lactic acKl, the preimration of : I0U3. 265), and CJaflin uses an (uhe stafting 
the oUccbarine^solution, the fermentation jiro- material a wort conjoining ab£*nt 10 p.c. of 
cess, and the conversion of t)ie fermented liquid'. fermentable <naftrial (K.8. Pat §01103; J. 
into commercial^ lactic acid. The Racoharine ! Soc. ('hem. Ind. 1907, 985). Boullftt.ger acts 
HoluflfOn, whicli should have a sp.gr. of about ’ oft' starch or sugar containing substances with 
1*075, i.e. a saccharine content of 71-11 p.c., a mould such as Jiumer acetoseUfi, and then 
and which should be faintly alkaline or neutral proceeds as above (j). R. P. 118083; (Jhom. 
but not acid, is sterilised either by boiling for an . Zeiilr. 1901, i. 050). ^ 

hour, or by blowing live steam into the solution Boehringer staica ^hat calcium lactate and 
foft otie hour at 95°. It is advantageous K) have _ sulphuric acid form a jiaste which is vef^ 
about 10-15 ji.c. of the saccljarine matter in the difficult to wor^uj). 'I’lie method teoommended 
form of cage sugar and the rema.inder as glucose. ‘ is to take ?00 ntres of calcium lactate solution 
After sterilisation, the liquid is conveyed to the ; {IO°Be.), obtained from fermentation process, 
fermentation tank, cooled to between 45° and and evaporated to 60 litres; 50 kilos, a 
56°, and impreguiated. Wherr conunuous manu- 50 p.c. solution of lactic acid is added and then 
facture of lactic acid is carried o^, impregnation f the calcium lactate is decomposed by sulphuric 
takes jjlace from a pfoviously fermented li^tSor acid. The solution of lactic acid thus obtained 
where a lively fern*3ntatjpn is in progress ; for . is 50 ji.c. (Eng. Pat. 7094 ; Er. Pat. 401395 ; 
an original fermentation, m|)k, which has been K. R. P. 221112 ; J. Hoc. (^bom. Ind. 1909,674). 
k^t until it is slightly spur, is jised. For Patents h^o Ixwn^grautod. for processes to 
efficient worlds, the lactic a^jid ferment must recover lactic acid &om bfi^wers’ and distillers’ 
bo well iiourisnea with nitrogenous matter, ^he slop and from the waste ^yater of ja^p factories, 
most convenient sources being vegotafte matter, ' Qne such method consists in neutralising; the 
•e.g. as extracted froA brait by ^he action of; liquid with milk of lime, partly evapbriting and 
: toiling waller and dilute acid# If mineral food | causing the albuminoid substances to coag^ate, 
»is employed, ammonium salts shouldc be in i fly^ering and allowing tho calcium lactate to 
excess of nitrates. Poliak ^ms that the i separate out from the flltrato (Beckers, D. B. F. 
aiffount of la^ic aud is incased by th%.| 104281^ Chem. Zentr. 189% ii. 926; v, also 
reputed addition of ammonium salts inopre- ; Bookers, I). R. P. 113383; Chem. Zentr. 1900, 
Daring the mashes for fermentation (Eng. Pat. ! ii. 702; Roehr, ILS. pat. 823366; J. Soc. 
13193, 1913). As the fermentation procet^s. Chem. Ind. 1906, 901). 

tHo tempecaturo is allowed to decrease ana Several processes have been patented for 
• * #. 
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purification of the acid thus obtained.* Waite . solu^^w and the precipitate is not washed free 
(Eng, Pat, 13403; If. R. P. 140319; J. Soc. .from mother liquor, the acid obtained wifiabe 
*Chem.*|nd. 1901, 931)^washes the crude acid' optidhliy active. This would also be the cpise 
with amyl alcohol and distils off the solvent from i if the bacf^nal action had been such as to pro* 
tho»alooholio solution the acid, or washes thft j duco an excess of one isomerido (c/. Pottevin, 
Ifohi^onwith water and concentrates the aqueous I J. Soc. Chem. Jnd. 1899, 700). Wehmer re* 

• soluti4)n. Blumenthal and Chain ([). R. 1*. ' commends tho Use of Oidium lactis and two 
169992; J. Soc. Chem. Ind. 1997, 279) mix tho i mycoderma tJ^docomposo lactic acid in liquids 
crude acid with aniline (IfiO^parts 60 p.c. acid where its presence is not de^able (Chem. 
with 93 of anilfhe) and cool to —5® ; the prccipi* | Zentr. 1903, i. 801), An aqueous solution^of 
tat! is reciystallised from a %mall quantity of' lactic acid is statoil to decompose in 

docompogdU with steam, and the acid ; into acetaldehyde, pyruvic aci(f, carbon dioMOC, 
concentrated vi vacud. Nocrdlingor (Kng. Pat. ■ and water (Cana-ssini, Boll. (/him. Farm. 48, 
26413: Fr. Pat. 304468; T). R. P. 221786;; 785; Giorn, Farm, Cbiim 61, 540), but this is 
U.S.^Pat# 924494;* J. .Soc. Chem. Ind. 1908, , denied by Neuberg (Biochem. Zeitsch. 39, 1^^ 
l#i5) distils the crude acid in*a current of inert Oxidation of lactic acid with hydrogen peroxid^ 
gas. Tho water Ib first excelled and then pure ' yields pyruvic aiiid (Fent<in and Jones, Chem. 
lactic acid passes over. Laudau (Eng. Pat. Soc. Trans. 1900, 71); with bromine water, 
‘7998, 191^) boils flie commercial acid with pyruvic acid (Ciusa and Picrgallini, Atti R. 
charcoal while a current of inert gas is passed , Accad. iUucei, 1914, 821); oxidation by Jjacteria 
through. It is concentrated in vactS to 90-9.5 •yields jiyruvic acHl and kotoqic substances 
p.c., and tho ddktrins present precipitated by ^ (Maze, Compt. rend. 1918, 81, 1150); wiSb • 
alcohol. After standing 24 hours, ihi' nquid is ! potassium pernfanganate, pymvic acid (Apstoff, 
filtered and tho alcohol distilled off, Blaise : J. liuss. Phys. ('hem. .Soc-188^ 2, 249), acetal* 
recommends boiling tfte technical acid for 12 ; dchyde anil malic acid (Schoorl, Zeitsch, 
hours with an equal weight of water, and con-' ang<^w. (.'bom. 1900, 15, 367); with dilutei 
centrating quickly in vaevd at a temperature; sulphuric acid at 130*’, or by heating alone at 
not above 60'’ (Bull. Sue. chim. [4] 15, 666). , 440''-4(»0‘’, acetaldehyde and formic acid (Nef, 
In another proccs.H the mixture of calcium | Annalen, 335, 296); with chromic acid, acetic 
sulphate and lactic acid is dried at ISO'’ when acid, and carbon dioxide (Dossios, Zeitsch. 
lactide and lactic anhydride arc formed. After Chem. 1860, 451 ; (.'liapman and Smith, ibid. 
removal of the soluble impurities, pure lactic j 1867, 477). Photochemical oxidation in the 
acid is obtained by hydrolysis in steam (X) .B. Pat. 4 presence of uranyl or ferric salts yields acetalde* 
12407^6,1917). Erdmann(D.Il.P.217m6;(fiiemi; hydo and carbon dioxide ^^olin, Zeitsch. 
Zoiitr. 1910, i. 701) obtains pure Jactfi) acid from ' physika^ (’hem. 87^ 490). Oxidari(;p of the 
co2>2>cr lactate and water, lieater^at 150“-2a0^ , ammonium .sal(^ with hydrogcn»p(ft*iixide yields 

Propertih.—The acid thus obtalhed forms a ' acetaidehvde, acetic acid, and carbon ^oxide 
syrup of sp.gr. 1 •21-1 *24, and is soluble in all, (i>akm, 4. Biol. (’hem. 4, 9i). Reduction with 
^proportions water 3.nd alcohol, less readily 1 hydriodic acid yields propionic acid. Electrolysis 
in ether. It is hygroscopic, colourless, and ' fhe sodium salt results in iho production tif 
inofiorous, hut has a very sharji acid ta^te. 'J'he acetaldehyde and ^arbon dioxide (Walker, 
syrup is, howqyer, not the pure acid, but a mix- Ghem. Soo Trans. 1896, 1278 ; Ber. 1894, 407 ; 
turo of th#latter witla small quai^tities of water ^oJbe, Annalen, 113, 244). ^ PWisphbrus penta- 
and thoi^nhydride. Tho pure acid cannot be chloride converts lactic acid into a-chlorpropionic 
obtained by evaporation of the aqueous solu- acid (Walden, Ber. 1895, 1263; Lo Be^ ibid. 
tion, %s formation of tho anhydride commences 1895, 1923); bleaching powder converts it 
before all tho water is driven off. Krafft and chloroform and formic acid (Eberhard, 

Dycf (Ber. 1895, 2589; Chem. Zentr. 1896, i. Chem. Soc. Abstr. 1901, i. 357). Lactic aoid 
•742) liave obtained lacric acid in the form of reduces the nitrates of tho heavy metals, e.g. 
^ery hygroscopic white^crystals, m.p. 18“, by bismuth, silver, mercury, cadmium, &o.; cobalt 
the distillatipn of the commercial acid under' £^^id ni§kel yield strongly magnetic p^wflers 
reduced pressure. Lactic acid slightly volatile (Vanino and Haui&r, Zeitsch. anal. Chem. 19W, 
at the ordinary temperatures, lactide is less 29, 506).^ When the silver salt is i^ated with 
volatile, and lactic anhydride practically non- alkyl iodidep, the hydrogen of the hydroxyl and 
volatilc^itfuller, Bull. Soo. chim. 1896,15,1206); carboxyl gwups are both attacked (Purdie 
lactic acid is volatile in steam, but not sufiicientlg and Lander, Cheifl. Soc. Tran#1898, 296, 300). 
volatile ti> bo quantitatively separated from thormo-Aemical djda, t*. Berthelot and 
aqueous solutions by this means (Utz, (/hem. Del6pine,Compt. rend. 1899,129,9t0; dielectric 
Zeit. 1905, 29, 365^. Lactic acid contains an constant, electrical cemduettvitv, Drude, Zeitsch. 
asymmetric carljon atom, Md hence i^ii exist in physikal. Chem. C3, 349; Walden, ibid. 46, 
+WO optically active Aoaificaftous {v. infra). 103; 54,4129. . , 

'he fermentatiomlaoric acid is optically inactive, Laciic anfiydhde, which been mention^ 
tut^he amd obtointfl from the works is some- aUove, ig formed by the elimination of a mole* 
imea optically active. According to MoKeniio culo of watc* from two jnolecules of the .acid m 
Ohem. Soc. Trans. 1905, 1377), ^is is due to the following maffner, the one molecule aotigg 
he foot that the actipn of the pure culture on as an alcohol ana the other as an acid • 

ugat is to. produce equal amounts of d- anfl b HO'OO *' 

lomerides. On converting these into the | -T 1 

aloium salts and reorystaUiling, the* crop of'* (JO OH • HO’CH’OTg 
rystals whioh sepMate^ is mostly calcium CHj’CH—0- - CO 

• salt, the active salt remaining in solution. If ' “ I L 

T3^t;{dlisation takes place from a concentratedt * (JOOH HO'CH’CHj • 
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This compound, lactic anhydride or witha<?i(l; (i.) gives actual amount of aekl'ftwl 

laciit acidf is at the same time an alcohol, an \ (ii.) of anhydride (Philip,*(!ollegium, 19()d, 88; 
aci4» and an ethereal salt. Jt is a light y#llow 1 Kunz, Chem. Zentr. 791 ; ^?5ellet, < 

amorphous mass, easily soluble in afeohol and ' Bull. Soc. chim. 1913,1^596). Other methods, 
ether, insoluble in water, and decomjioaed by if. Ulzcr and Seidel, Mona'^h. 18, 138 ; Paessjer, 
alkalis, forming salts of lactic acid. Collegium, 1907, 388, 39(5; Phelps and Paiper„ 

On further heating, another molecule of; if. Amer. Chem. Soc. 1917, 1^6. Kstimat^n in 
water i.s driven off, forming a fiec^lnd anliydride i wines, •?’. Kunz» Chom. Soc. Abstr. 1901, ii. 


called lactidc 
CH^'CH- 


- 0 ' 


-CO 


%:OOH 

(:h.,-(;h-()-('o 

- ■ I 

CO-O-CII-CTI, 

« 

This substance, which is a double ethereal 


+n,(f 


700 ; 1903, ii. 701 f fioHt<’i 5 ni and Prandi, Chem. 
Zentr. 1903, ii. 409; Miiller, Bflll. Soe. chim. 
1890, 16, [iii.| >203; Parthiel, ^'hem. Ji^c. 
Abstr. 1003, ii. 180; Arch. Pharm. 2il, 401; 
Paris, (!hem. Zentr. 1908, i. 773; TrummV, 
Chem. Zentr. 1908, ii. 101 ; Jfeidu8ehka*’anii 
(Juineke, Arch. Pharm. 24.Tt 4r)H. In mfiff, v. 
'riidrner, (!hem. Z«it. 19, 1499. 1619. in larin^nj. 
1 ”. Pr(K-. J^hysioi. Soc. 1909, vr^^vii. ; J. Physiol. 


salt, is very slightly soluble in water, and forms ^ 30 : lliocliem. Zeifscli. ^58, 176. In gastnc 
white needles melting at 124’6'^' (Bisi-Ju>ff and juice, r. J)e dong, (!hein. Ecntr. 18ft9, ii. 809. * 
Walden Annalen, 279, 71 ; Net, dod. 3^56. 29r>; the presence of pyruvic acid, Czapski, 
Raper, J. Physiol, 32, 21G).f , « Bioclunn. i'eitsch. 71, 197. For thc\'xtraction 

Detection and eMimatioti .—On heating lactic of lactic, acid from the tissues^ amyl alcohol is 
acid p'ith potassium chromate^'and sidphnnc recomrfiended as tho m(»st suitable .‘.olvent, 
acid Jt is docompos^d into formic acid and , Ohlsson, Oliem. Soc. Abstr. iOKi, ii. 642. 
acetaldoJiydo. 'J’lie mixture is distilled and Technical Uftcfi. —Ijaclc'c acid is used by the 

woollen dyer as an assistant in mordanting with 
potassium diclirumatc and its advantages over 
tartaric and oxalic acids arc its greater udiuung 
jiower, tlu' greater solubility of itself and its 
salts, ami the fact that it is less coiTosive Jt 
givc.s the wool a very line, soft. ‘ handle and a 
beautiful lustre. Laefohn, which consists (d 
iocqual jiartsof lactic aei<l and jiotassium lactate, 
is stated i»o Ik? superior to lactic ai'id, whirh is in 
itself sujieAor to tartar (Olaflin, l.c.; Norton 
and Tuttle, J. Soc. Chem. Ind. 1891, 293 ; iloff- 
199, P 


distilled and 
♦vapours collected in Nessler's Holutnin, giving a 
yellow precipitate or opalescence (Lassar-C!t)lin, 
Annalen, 284, 229; Windisch, J. Soc. Clicni. 
Ind. 1887, 292) Thoms (Apolh. Zeit. 1907, 22, 
209) recommends treating a few c.e. ot the 
liquid with 3 or 4 drops of 30 p.c. solution of 
chromic aeid sutticient to impart a bright yi'llow 
tint. J n the presence of free lactic acid a ri'ddish- 
brown coloration is produced on wanning the 
solution ^1 the water-b^b for 10 fliiuutes. 
Denig^s ^iwi. ^Chim. isf |vui.] 191) treats 
the solution with bromine wJter, and tlien 


mann, i6id. *1899, 199, 540 ; Dreber*, ibid. 1899, 


after the addition .of acetic acid a'jcd-violct 44S;’l8«8,'l07o’; 1899, 491 ; Kiolmeyer, iWd! 
colour is produced^on adding sodium nitro-, 1899, SfiS ; Kapff, j(n(4 1900, Ji.TO; Kuche>“ 
paussidef ' Lactic^cid gives a rc<i coloration with Chem Zentr 1807, i. J183; itWher, J. Soc. 
alcoholic guaiool solution and may thus he dis i t'hcm. Jnd. 1897, 140; Jiiiring, Bull. Soc. Ipd. 
tinguished from aceUc, mane, benzoic and sail- Mulhonsif, 1902, [v. | .3 ; i‘aeHsler and Appehus, 
cyUe aSidstHartwig and Saar, Chem Ztg._l921,.(;ollcgium, lOOil, 102, e.'i}, lfi4, Aniline 
45, 322). Other methods, r. DcnigCs, Bull. > lactate is nscfl in producing aniline black on 
Soc cWm. 1909, iV 047 ; (ironer and Cronhcini, ' cotton (Goldovsky, Bull. Soc. Ind. IRVilhouse,* 
.1. iSocrfdiem. fnd. 1906,1258 ; Herzog, Annalen, ' Jan. 9, 1900; Schener and Schoellkojif, ibid, 
1907, 351, 203.. Tho following ])rocei,s has been 1901, 102 ; During, Chem. Zentr. 190.5, i.'lSlG ; 
recommended fy Jean (Ann Clniu, Anal. Ajipl. 1 D. R. B. 90600 ; J. Sne Chem. Ind, 1899, ljil9). 
1900, 6, 285) for estimating the commercial acid. ' 'The double lactate of calcium and antimony is. 
(i.) Total acidity is determined as ; (u.) used in mordanting coUton, and as a substitute. 

free.a«ids by evaporating three tiine.s to dryness for glycerin and tartaric acid in printing fabrics 
onthewater-bath;(iii.)laotioi*sidhyevaf;uratiug (Dreber, J. Soc-Chem. Ind. 189^*, 919, 921). 
10 c.c. to (iryness several times, and dissolving j For method! of obtaining double lactates of 
residue in water. ^ The solution is heated to | antimony and calcium or of antimony and 
boding, neutralised with harnim eiulionate, and : alkalis or alkaline earths, v, Moritz, Zeitsek. 
then filtered ami evaporate* to dryness in a : angew. Chem. 17, 1143; Akt. Ges."Reavler 
platinum dish. The residue is incinerated, to j f)heiu. Fab. R. Mayer, D. R. P. 130135; Chem. 
carbonate, extracted wfth boiling water, collected i Zentr. 1902, li. 1280; Ch. Fab. von lleydon, 
on a inter, well washed* end dissolved in a 1), ij. R. 184202; Chem. goc. Abstr. 1907, i. 
known volume of deoinormal,hydrochloric aeid. 888; Boohringer, 1). R. P. 98939 ; Obem. Zentr. 
The solution is heated to (pmove t^e carbon 1898, ii. f231 ;tCh.*W«rke Schuster and Wil- 
dioxide, titrateiwith decinormal alkali, and tho | helmj, D. R. PF. 216168. 2lte00; Chem. Zentr. 
volume of N/lO-fiydroohlorio acid neutralised by ! 1909, ii. 1908; 1910, i. 704. " r 
the carbonate fornieiL by subtraction. This | .A solution containing the lactates ..of *dlu- 
Upmber of c.c. x O'OOff give* weight of lactic ^ minium, calcium, and tin has been used instead 
«i!id originally present. To estSnate the amount of the above tOswald, Bull. Soo. Ind. Mulhouse, 

• ef lactic aeid and lactic anhydride preseift in a 1909, 343), whilst Boehriicger (D. R. P. 91230 ; 
sanuile of lactic acid, the following process is Chem. Zentr. 1897, i. 1189) employs zinc lactate 
nsea: (i) dilutcasampte with waber and titrate, dor the game purpose. Lactoiin and sulphuric 
,with normal sodium hydroxide, using phenol- acid are used in hat dyeing (Diiring, J, Roc. Chem. 
plithalein as an indicator; (ii.) add a known ^ Ind. 1900, 000; 1901» 470)‘ and lactic acid, free 
excess of sodium hydroxide and titrate baoii^frora traces of iron, is used as a discharge for 
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Turkty red (Diiting, iUd. 1900, 1013). *11 has 
also been used as a solv^ent. for dyestuffs insuhihio 
in wat*i (Dreher, ibid. 1897, 1014; 1898, 919, 
■921). 

iaotic arid is uscc^in tanning for eolouring* 
jjati^p, and plumping. In preparing tlie skinj 
it congpletely remofes the lime, eimures a line 
oven grain, and due.s not dissoUe the hide sub¬ 
stance. It is easier to coodol than the bran 
drench, which fh also used for this purpose, and 
whj|h owes its efficiency to tllfe lactic acid pro¬ 
duced during th# fermentation of the bran 
(Cliflin, J. ,Soc. Chem. Ind. 1901, 210, .'iOfi, 730, 
913 ;• Paessler and A]ipe!ius, ibid. 1902, 1401, 
.'i7 ; ^903i»1201). it is n]«i> tised in the j)i'epara- 
lipii oiiyoast (Jiiichler, ihid. 1 , 370) and in the 

distillery, p.g. to Vieck ttio baeterial (i(?vplo|)- 
inent in the ‘ Jlcfengfut ’ mash (Moritz, ■ibid. 
►18iHh 778).* • 

Lactic acid is also used for medicinal purpoaef» 
in cases of ftryn^eal tuberculosis and (If infantile 
diarrhoea. It dissolves false, menibrano^nd a 
solution of 1 part of acid in (> jiarts of water is 
oiNjiloyed in the local treatment of diphtheria 
and croup. Local aj^jlications are used in 
stojipmg the grtiwth of venereal worts and in 
treatment of tuhoreulous ulcers, lupus, and 
l^pitheliuma. (.laleium lactate is used in the 
treatment of rheumatism. For iiharmaceutical 
jmrposes, the acid must bo colourless and 
incKiorous, and have a sp.gr. of at least 1 21, and 
should leave scarcely any residue on ignition. 
It should be unaifected by NH3 and ^114)38, 
sliould give, at most, only a faint ontlescence 
with ilaCIj, AgNOg. (NH4)2C204, and should 
give no precipitate on boiling wi^ Jiarreswil’s 
(Fehling’s) 8(flutum. For ii.s infliiciK;* in human 
dietary, v. J. Soc. Chem. Ind. 1920, 230. 

• Esters. 3’^ esters «Df lactic acid may be 
prepared by ^.atiiig a salt of lactic acid with 
sulphuric ayd or gaseous Jiydrogen chloride 
and the corresponding alcohol; or the anhydride 
(lactide) m%y ISo^troa^ecf witjj alcohol in the 
jiresence of aluminium sulphate or titanic acid 
anhydride as catalyst, D. R. 1* 278,487. The 
product 13 distilled m ivicwd, whereby the jnirc 
ester obtained. By treating the pure ester 
with |team, distilling off the alcoiiol and con- 
e,entratiiig, the pure acid is obtained (Cli. Fab. 
(^strow, iiillringhauH ariR Heilmann, 1). R. P. 
171835 ; Chem, Zentr. 1900, ii. 470). 

Methyl esttr. Colourless liqi^, b.p. 144*8® ; 
sp.gr. 1*0898 at 19® (Schreiner, Annalfn, 197,12). 

Ethyl ester. Colourless liquid, b.p. 154-5®; 
sp.^r. 1*0308 at 19® (Schreiner, l.c .; Friedel and 
Wurz, Afin. Cliim. |ni.j 03, 102; Bruggen, 
Annaien, -148, 2Q7). 

EthyUdene ester. Prepared by heating 
acetaldehyde and lactic acid at 120®-! 70® for 
some hours: colourless liquid, b.p. 150°-15l*5® 
(Leipen. MonatshfO, ^5).« • • * 

Glyceryl mono- mid dl-lactates (v. Kalle & 
Co. D. R. 4>. 2ldt)l7t Chem. Zentr. 1910, i. 
214). • . 

Salts. The salts of lactic acid are all 
soluble in water, many so readily tfiat they are 
very difficult to obtain crystalline. 3'hey afo 
obtained by direct neutralisation of the free acid, 
or by double decdluposition fapm the calcium 
salt. 

The K, Na salts ate vdty hygroscopic, and 
only the latter has been obtained crystalline 


(Wislieenus, Annalen, 125, 49 ; Engelhardt and 
Mad^ll, ibid. 03, 88 ; Briijiing, ibti. 104, ll2). 

ArnmoQllum lactate is crystalline and very 
hygroscopic. On ^distilling it in acid 

ammonium lactase, a .syrup (b.p. 140® at 
10 mm.) passes over (1>. R. P 247,240; J. pr. 
(3iem. [2] 87, ^58). 

Calcium lactate ((.'311503)200,51120 is usually 
obtained direct fnun sugar in th# preparations 
of lactic acid (r. -supra) In small (quantities 
it is sometimes prejmretl by iifutralising 
acid with chalk, it forms (MiuUnower-hke aggre¬ 
gates of microscopic rluunbic needles, wliicli are 
soliible in 9*.5 parts of eohUmuch more readily^n 
liot water, and also soluble in alcoiiol. it losett^ 
its water of crystallisation at 10(?“, and at 250®- 
27.5® loses another molecule 9f water, forming ral- 
cinr/i ddaclalc. (CR3*CR)2'0((.'02)2Pa.. The pro¬ 
duct is a ve.sieular mass, from which alcohol 
extracts ^onie unaltered calcium lacta^, and 
the new coifipound behiikd as a ver^ 
slightly soluble substance (Friedel and Wiirtz 
Ann. Chirn. Z*hy«. I iii.J (13,114). ^ ♦ 

Barium lactate (C‘3H5(43)2Ba,4H30 crystal¬ 
lises with great difficulty, forniing cauliflower- 
like aggregates. Jt does not lose all its water of * 
crv.stallisation at 100® (Meyer, Ber. 1880, 2454). 

' Magnesium lactate (03H503)2Mg,3Hj0 is 
llfepared by dissolving lactic acid syrup in 10 
times its bulk of water, and neutraUsing with 
basic magnesium carbonate. The solution is 
evajiorated until a skin forms, and then allowed 
to crystallise. It forms small light prismatic 
crystals, which frequently unit#to form crusts. 
It dissolves in 28 of cold and |j "parts of 

hot water, formiug a neutral very*bitter solution. 
It loses its water of crystallisation at 100% 

Zinc lactate (C'3H503)gZrf,3H20 is best ob¬ 
tained direct from sugar by ncutrali^Uig the 
lactic acid qiroduced with zinc carbonate or zinc 
white (Lautemann, Aamaleu, 113, 142, Kiliani, 
Ber. 1882, (i.'DO). it crystalltees better thv* any 
^ther lactate, and forma colourless, woU-dc- 
vclopcd, four-sided rhombic prisms. It loses its 
water of crystallisation in vacHtC or at lOOS. It 
dissolves in 53 parts of water at 15®, and in ti 
parts at 100®, forming an acid, bitter-tasting 
solution, it IS very slightly soluble in alcohol 
(Strocker, Annalen, 105, 310). 

Ferrous lactate (C 3 H 503 ) 2 Fe, 3 H 20 . T^is 

salt was^ntrodueed into jiharmacy by and 

Lonte in 1840, a#d was again recommended 
' ill 1847 by Engelhardt and MadSrell {l.c.). 
It is best prepared from crude calcium laotato 
in the following manner. The crude salt is re» 
ery.stalliscd from ^ater to whifti a little iime 
ha# been addetf, and if n^essary the operation 
I repeated. 'Fo the cone, aqueous solution of the 
; purified salt the theoi$tical^uantity of ferrous 
chloride is added, find the mixture allowed to 
stand for 3»day8 in itcool place. When no more 
I crystals form the firccipilated ae# is filtered off, 

I waiffied wbbh a little alcohol, and dried at 60®. 

I Ferrous Instate forms^greenish-white crusts, 
1 of needles, or a sflnilarly coloured crystallin# 
i powder. It dissolves at the ordinary tempera- 
turo in* 48 parts, and at 100® in 12 parte of 
water, forming Jb acid solution with a sweetish 
Bbalybeate tastrt The somtion becomes yellow, 
andvthen brown, in the air, ferric lactate being 
formed, and also undergoes alteration on evapo* 
lallon yi the air, leaving a hygroscopic residi»e 
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coi^aining ferrous and ferric lactates and iome | 
free acid. The dry salt is unaltered in tl^f air, ‘ 
and loses its water of crystallisation v*lien heated j 
at 100® in a current of hydrogen. 

Silver lactate Is pepared | 

by trcatin^^ freshly prepared lactic acid, after 
coohng, with silver oxide, evapoi^ling the solu- ! 
tion in the dark in vacu6 at the ordinary tempera- ' 
- ture. It forAs colourless needles, soluble in ' 
20 }>art8 of cold water, insoluble in cold, hut . 
mariily soluble liot alcohol. On heating the i 
salt in the dark f(>r*3 hours at 80'', anhydrous ■ 
silver lactate is obtained (Klimenko, J. K^ss. , 
Obem. 8oc. 12, i)7 ; • Bertlielot and Delcpme, i 
"^.'ompt. rend. 120, 920). 

Bismuth lictate BK'all^Oj.TJl/) is pre-! 
pared by the slow dtssolution of freshly jirecipi- 
tated bismuth hydroxide in lacti<‘ acid slightly ; 
diluted witli wat<n'. 'J'ho solution Kradually 
deposifs needles of the hyi^ated salt; on heat¬ 
ing to 10.')'' tins yii'lds the {mhydrous salt, •#]uclf 
is very sjiaringly soluble in winter 'I’lio latter | 
may*lje obiaiij^d by digesting freslily }irccipi- ; 
tated bismuth hydroxide in lactic acid at l(K)'’. ' 
!t forms rhombic tablets which decompose 
’ slightly when boiled with water for .some time 
(Telle, Arch. I’harm. 1908, 240, 484). 

Mercury lactates. Mercurous lacUifc 
((Wi^l^iigdigo 

is prepared by dissolving freshly precipitated ' 
mercurous oxide in dilute lai.tie acid, which has ' 
previously been heated with water to destroy, 
the anhydride ]^hich it contains. The solution 
is aUow^id to evaporate in a desiccator over ' 
sulphuric* when tfle salt sej)arate8 in | 

short white prismatic needles.* it is not com- 
pleteTy soluble m, water, hydrolyse, oceuiTiiig i 
with the formation of a basic lactate, which then ' 
dccomP(!>so8 int(^ incrouric lactate and mercury. 
Jlfercwn’c lactaic (CaTlBOJ^lfg, prejiared in a 
similar manner frojn lactic acid and mercuric ; 
oxideT forms* colourless prismatic needles, 
readily soluble in water. On boiling tlif 
aqueous solutioiv mercurous lactate, aCetaklc- 
hydc*lactic acid, and carbon dioxide are yiroduccd 
{Ouerbot, Bull. 8oc. chim. 1902, 27, 803). 

Glucinium,lactate [v. Tanatar and Kurowski, 
J. Buss. Phys. Ohem. Soc. 39, 930; Olassmann, 
Ber. 1008. 33). 

• Cerous lactate (v. Morgan and (^ahen, 
Pharm. .f, 1907, 78, 428). « • 

OpticaBy active acids. As Ims already been 
stated, lactic acid can be resolved into two 
optically aetive components. TJps resolution 
has been effected by the fractional crystallisa¬ 
tion of zinc ammonium laotobe (i’urdie and 
Walker, Chom. Soc. 9’rans. 1893, 1143; 18^.5, 
610); of the stte'chnine salts (Purdio and 
Walker, 1892,754 ; mqrphine salts (Irvine, 
ibid. 1906, 935); and oi the qinnme salts 
(Jungfleisch, (jompt. rend. 4d04, 139, 56, 203 ; 
1905, 140, 719; 1906, 142, 515). Asymmetric 
syntheses have been jpade by the rcauction of 
the ^-menthyl (McKenzie, iC^honf. Soc. Trans. 

1905, 1373), /-bornyl (McKensie and Wren, ibtd. 

1906, 688), and d-umyl (McKenzie amteMuller, 
1909, 544) salts of pyruvjs acid. 

Paralaotic |«id (Sarcolaetlc ^id. <f-lactlc 
is present in flesh, in the blood, in muscles, te the 
jthymus and thyroid and otlier animal oi^ans 
(Berlinbauer, Chem. Zentr. 1888, 757 ; Salon^m 
Cjhem.-Spc. Abstr. 1889,64; Asker and Jacksoif, 


Zeit. 41, 393 ; Moscatelli, Zeitsch. physiol. 
Ohem. 12, 416; Griffiths, Chem. News, 91,147; 
Werther, Chem. Soc. Abstr. 1890, 348 ;*1lnouyo* 

f nd Kondo, Zeitsch. physiol. Chem. 54, 481; 
'row, ibid. 60, 15; Moriya, ibid. 43, 397). • In 
piusclo tissue, the amount increases witjp fhv 
degree of muscular acti’i^ty. According 
Embdbn {ZoitsCli.yfliysiol. Chem. 93, 1) a com¬ 
pound of pho-sphorio aii^ lactic acids occurs as 
an intermediate metabolic product. 

It is obtaineef from extrimt of meat by^lis- 
solving in 4 parts of warm wifter, adding 3 times 
the volume of 90 p.c. alcohol, and ovapoyitmg 
the filtrate to a .syrup. 'I’Vis i.s again jy^cipi- 
tated with alcohol, filtered, and ofaiiomtcd, 
then acidified wifli apd extractefl witi^ 

etlicr (Wislic(;nuH,.i» Annalon* 167, 302). The 
crude acid may be purified J^iy conversion into the 
zinc salt. If VcniciUimn glancnm is allowed to* 
Ijrow in the solution of the inactive^ammoniiini 
lactate, t 1)0 d- modification alone will remain 
(Lewl^iwitsch, Ber. 1883, 272(f; Linossicr, Bull. 
Soc. ehim. [iii.] 0, 10). Micrococcus acidi para- 
lacti, an anaerobic micrococcus formed in the 
preparation of the Havschhrand bacillus, is found 
to convert sugar into paralactic acid (Nencki 
and Siebcr, Monatsh. 10, 532). 

Paralactic acid is a syruj) wliieli can only bo 
distinguished from lactic acid by the fact that it 
rotates the jilaiie of polarisation to the right, 
whereas lactic acid is inactive. Hie salts 
strongly resemble the lactates, but are somewhat 
more soJyble in water. 'I'he methyl ester boils at 
143® 145®*and has sp.gr. 1*1017 at 15®/l6°; and 
the ethyl ester, b.j). I52®-J.54®, sp gr. 1*0414 at 
15®/I6° (Fran^land, (Jbem. Soc. Prpo. 1895, 54). 
Further di^aiLs a.s to rotatory power of acid and 
derivatives, v. Walker, Chora. Soc. Trans. 18M, 
914; Purdie and Willilimson, 1896, 827 ; 
Guyo and Melikiaii, Conqit. rend. 123, 1291 ; 
Henderson, and Prentice Chem. * 800 . Tfansj 
1902, 658; 190^2.5f^ Wassra^i* and Giiyc, J. 
Phys Chem.*19(te, i. 2(W; Purdie*and Irvme, 
Chem. Soc. 'I'rans. 1809, 484 ; Waikarf J. Phy| 
Chem. 13, 574. 

/-Lactic acid has not been found in«uature. 
It is prepared by the resolution of the hiactivo 
acid (^.v.); by the fermentation of sugaf with 
Bacillus acidi IceioJacj^ (Scliardinger, Monatsh*. 
11, 545) or with a laovolactic ferment obtainW 
from pears (TatJ, Chem. Soc. Tran*. 1893,1263). 

' It is similanin properties to d-lactic acid, with the 
exception that it rotates the plane of polarisation 
to the loft. ^ 

Besides these acids, another isonteric acid 
• remains to bo described. I^ydracrylic acidt 
ethylcnc-laclic acid or ^-kydroiypropionic acid 
CHjCOHlCHgCO^H is pronarod by the action 
of moist silver oxide on* 0 -iodopropionio’ acid 
: (SokoloW^ Annalen^l^, 167 ;■ Wislicenua, An- 
1 nalen, 166, 10 }; by heatil)^ the sodium salt of 
' acrylic acid with sodimp kydroxj^e at 100 ® 

, (Linnemann, Ber. 1875, 1096); and h|r the 
: action of prussic acid on ethylene ctflorhydrin 
and saponification of the resulting nitrile (Wis- 
I Ikonus, Annalen, 128,1 ^ 167,346; Erlenmeyer, 

! md. 191, 268). It forme a syrup which de¬ 
composes into ^ter and acr^^Uc acid on heating. 

1 Chromic acid oxidises it into oxalic acid and 
carbon dioxide, and siljrer oxide converts it 
into glycollio acid. Wislicenus also obtained 
from flesh, in addition to paralactic acid, an 
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aflid which he behead to be identical with 
this e^ylenedaotic acid, but it has been shown 
• (Siegfnad, Ber. 1889, 2713) that this is in reality 
(icctyllactic acid. « 

^trolactinic acid {%a-phcnyUiydro.rypropionic 
Pi'opareTl by tlw 
action of fuming hydrochloric acid oji aceto¬ 
phenone hydrocyanide (SpiefcJf Ber. lySl, 14, 
1353; Tiomanjj and K^hloi*, 1980); colour- 
losa needles, m.p. (anhydrous) 93'"-94^ 

CACTIC «FERll|feNTATIOir GUM V. Gums. 
•LACTOLTN. Trade name for potassium 
diAa^ate used as a mordant. 

l^CTONES. Generally speaking a lactone 
is foirne^by the cliiniiialioi^ of water from a 
^droiyl group iyid a carboxyl gron]i present 
in the same niolecldc. 7’h«^y may thcroforo bo 
^regarded a,g interna^ *salts corresponding with 
the external salts which are known as the 
ethereal sajja or esters : 

R('I1(UU) ClLOOOJf-^ KClf 
Hydroxy acTd. j 

O (X> “ i 

* • Lactone. I 

K*(;iI.,O}l-bCITaC0Oir"^ BCll., ( Hj ! 

I “ I +H,0 

0 CO 
Kthercal salt. 

The lactones arc therefore derived from that 
class of organic compounds known as tlx^ 
hydroxy acids. The hydroxy acids arc divided 
into several scries depending on the position of 
the hydroxyl group in ro.spcct to tlio^carboxyl 
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beeif observed. Thus Baeyer and ViUiger (iper. 
1897f 30, 1954; compare also Fichter and 
IHrsch, 1900, 33, 3273) have shown that 
when a-bromo-a%'-dimethylsucdnic acid is 
treated with moist silvei* oxide the ^-lactone of 
dimcthylmalic acid is formed : 

oooil—(Tr--\'((‘H,), cooil- (‘u-r((iia), 


~*|^-(CI: 




.! I 

COOK on COOK 

COOlI-Cdl -C(C110, 
• I I ' 

* (T—-CO 

• g-Livctmic. 

This compound crystallises in rhomBii 
plates containing 1 mol. of wat^r, and melts 
51''-55°: it Jo.ses this waior of crystallisation 
at 45'^ in a vacuum. When distilled under 
(liuiiiiished pu'ssure it [Misses hy rearrangement 
into themnhydrido of aa-dimothylrnalic icid 

^'O(Mt-0n--C((MI^.. OH-CH 0(CH3)„ 

I I, ■ -» I I 

. (» if) C'0--0-CO 

III the same way, triiiiotlijdbromosuccinic 
a(!id is coriverfcd into the ^-Jactone of trimethyl- 
inalic acid (Koinppa, Ber. 1902, 35, 534) 
COOH-('(0ilu)- 0 ( 0113)2 


I 

Br 


COOIT 

( UGM - 


3 )—C{CH 3)3 

1 I 

0 CO 

. w . ^ * The formation of a similar compound has been 

group ^d are named a-, y, hydroxy ; recordetkhy Moldrum (Chein. ?oc. 'J’rans. 1908, 
acid.s according as the hydroxyl groui) is in the 93 ,598), wlio finds that when acet^nc^is-condenscd 
a-, Y-, 4c., iJositiou in rcspi«t to tlio acid i v^ith raalonio iftul in tlio presence of acetic 

group, thus: ^ ^ anhydridg^containing a littltt sulphuric acid, the 

R'ClI(0il)‘C0011 ■ tf-lactono of fi-hydroxyiwnropylmalonic acid 

^ •(«) — tt-UyUioxy acid///iu \ (t_ripi-(T()()H * • 

>• « "“H 

K-CI[{()K)-CHo-CH.,-COOir O—CO , 

a ) ((A** («) — y-Hydroxy acid crystallises from acetone in transparent? four- 

l)-CHJCH 2 ’(iHa<fG<)H I tided plates melting at 97". 

•ti) (y)' O' (o)—6-JIyUroxy add iS-Lactone formation occuia in the aromatic 
•Cn(()H)-CH2-(Ti2-(’H2*CH„-COOH - ... - - 


i series from fi-hydroxy acids having a pfienyl- 


R-( .... ___ ^ _ 

“* strongly uegativeVoups 
’ , ‘2 CHj CHj CHjCOOH , prej^nt. attached to the fi-oarbon atom. Thus 

M'l* 1 .* ' I • ^ 1 ? ''' ^ the lactones of o-, m-, ana p-nitrophenyl-j8-lactic 

lire lactones derived from these acids are ■ formed vthen the oorresponchng nitro- 

«racdaccordmglya-./J-,f ,&c.,lactonesandthus | phenyl-^S-bromopropionie acids are treatod.with 
. . • ,,, ... . .J irlt'tln a I cold aqueous Bodiu^i carbonate 

.. .(:o :NOa—G3H4--C;HBr NOa-Cl.ft.-OH-O 

structure; j.H^-COO? • CH,-CO 

o-Nitrophoiiyllacti(? acid lacton^ readily passes 
inV>*indigo whiSi boiled wRh glacial acetic acid, 
of t 


y-lactone would be constitutdtt 

G 

nd a S-Iactone would have tlio 
itJH'OUB-CHo-CHa 

I ! 

0- -VO 

jVomenrhtnre ,—The name of the lactone is 


A remarkable seric.s 01 aromatic )3-iaotorieB 
suaUy taken from *c trivial name of the acid ; boon prepared by^tauAnger by condensing 

:om which the porrespondmg hvdrojir acid is i diphenylkeTeno witfc various qumones. When, 
erived, as for exattpl?, Mtyfolaetonc fr„m | for duinoi* itself is used the reaction 

valerolactono from ; iii two stages, a di-^-lH*tono being the 

ultfluato jroduct- 


•hydroxyfjjityrio « a^, 

-hyioxyvalerio aoioT In those cases where i 
the Torrliation of two isomeric lactones is ' 
possible the prefix y- or S- is added to indicate 
the order of the Inetonj, thus ; , i 

CHj—CH~CH,CHj CHj—CHj—(iHa—CHj 

I I t I , I ' 

0.- -CO 0- - - CO 

Y'Valerolactone. . . S-Valerolactoiio. , 

a-I.actoiies are not known, and in only a few 1 
exceptional cases hakthe formation of jS-lactones ' 


I’h.c -eo 


CO, 


Ph.i^^ 


V 

no 


-0 

i ^-hj^co 


rhi'O-co 
I 1 ‘ 
C—0 

/\ 


CO 


Vo 


Ph 


aC— ^0 
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Botjf lactones eliminate carbon dioxide "vfhen 
heated—• , 

Ph.CicO CPhj Ph.ciCO CPh, 

■:l II ■ i I II ■ 

C '0 •• 0 a :Q c 

/\. . \ 

. , +(K), ^ ^ ;+2C0., 


CO 


CO 


C ; 0 C 

I ; I li 

rh.,(:, CO CITi, 


Ini#, in the former eaw a ccrlain amount*of 
••ia.sion takes jtlace in the other iltreelnm (Iter 
1908, 41, l.-kW)^- 
Ph.C CO * 

, C-C CO 

• -» 4Ph,C:CO’ 

\/ \.' • 

CO • ^ CO 

y-Lactones. Tiie rfiinarkiiblc U'ri(iency which 
• exists for the formation of tho liYo-momlKTcd 
x’lng causes tlie y-hy«Jro\y aiiuls to be, usually, 
unstable at the ordinary temperature and to 
pass, with elimination of water, into tliey-lactone 
li-CH—CHj—f.llj H VH 

I I I I ’ 

OH COOH () CO 

y Jlydroxy iicid y-Lactoiio * 

The tondeiicf for the formation of ^hc inner 
anhydridewii^so great Iha^tlie change from the 
hydroxy aeid tT> the laelono is»usually etiected 
by merely raising the temperature of iin aqueous 
solution of the ucid and in many cases rtie lactone 
ej:ists »*aqueou8 siflution at Iho ordinary tem¬ 
perature. The ffliiiplcst member of the class, 

butyriflaetone [ | , was discovered 

O - CO • 

by Saithew in liy3, although certain naturally 
occurring lactones, sucli as eoumarin and 
meconine {q.v.), were known before that time. 

(Kor a general descrijition of the lactones, com¬ 
pare E. Hzelt, Ahrens’ yamm. 1903, 8, 83.) 

Formahon .—'ITip methods usually adopted 
foi*the preparation of y-hydroxy acid^ that is 
of the y-laotones, may lie brii'lly siimiimrised as 
foHows: (#) 'I'he transformation of the 
unsaturated acids by ihe addition <tf halogen 
hydride and its subsequent i !imin#tioii thus: 
ClIa’CH : CH-eft,-COOH * 

■Ullir, • 

-» ni.,CHBr(!IL-CH.COOH 
•-llli* 

CHj-C'H (:H,-CH, 

■ I - I 

.0 CO 

The y- unsaturated acids are lifso tr^s- 
,formed into the y-iafctoiies either by merely 
bating them alone or by wAming them evith a 
mixture of equal volumes of 'concentrated sul¬ 
phuric aeid and water at 140“ (Pittig. Her. 1894, 
27« 2607; Annalen,^1894, 280, 51). In the 
latter instancef’tlie same chanfo is shown b^j 
those unsaturated acids which have two 
^Ikyl groups on the jS-carhon atom, 'i’hus 
Fitliter, Kiefer, and Bernoulli (Ber. 1909, f2^ 


4710) find that when )S^diethylacrylic acid’is 
warmed for a short (ime with 60 p.c. a^iueous 
sulphui'io acid, it is converted into ^*Bthyl-y- 
qalorolaetone 
CH.-CJfi 


(fHj-CH 


»>f!: CH-(!OOH 

Unnatmiited acid. 


• CH,-CH,/IH-0Hj|’0 

• « I 

CH^-CH - 1) 

yLactone? 

(2) 'I'bo relation between •the anh}idri<I^ of 
tho dibasic acids^and the y-lactoncs, which 
illustrated by tlic expression 

N(‘--{'0, • ('-CO. 

I " () -> • I ‘No 

^.C-Ct)/ >('—CH/ 

fviiliydiitlc y-Lactomf. 

indica^s that tho last-immeif compounds can 
Ixi derived frum the anhydrides by reduction. 
Thus butyrolactone is formed when succinic 
anhydride is reduced *by sodium amalgam 
(Kichter and Herbraml, Ber. 1890, 29, 1192): 
CTfj -CO. +iu (T-L OE.,. 

I >0 I ■ >0-1 H/) 

CH.-C(K CH.—CO / 

Sucfiniii anhydride Jlutyiolaetone. 

(3) 'I'lie .sodium salts of y-hydroxy acids are also 
formed when y-ketonic a'-ids, such as heviilic 
acid, are^reduced by sodium amalgam, thus : 
tTr3Cooj4j-o(ra‘(;ooji+2ii 

Licvnlie ncid 

PH3-(!JI(0H)CH2<‘H/'()()H 

0H3—CJI— 

I 'a 

Of CO 

yVakroIactciue. 

Ill a shuilar manner, ^S-aldehyd^ acids,* for 
example, d-aldelwdojjrtijjioiiic «rCid, yield y- 
lactones wrieif remiced. • * 


Cil <41o- Clla-CUOil Cl!;. 


oirt^ 

I 

(JOH 
CH.-i-CHa 


CH, 

0 UH 

fl-Aldehydo|>ropioiiic add 

on 

I 

^ o--c;cr 

Hntyrolactouo. 

(4) The alljyl waits of y-hydroxy acids may 

be formed by the condensation of chlorhydrms 
of the type with tho sodii^m 

compounds of ethyl acetoacetate and «ts homo- 
dogues, thus: 

Cll8-COClINa‘(!()OC2H5-f0E20VcH2OH 

t:H3-(X)-CE(00(Ml2H5.)OE2-CH20H+NaCT 

When this ethyl salt is hydrolysed with 

baryta, tnc ao#tyI ^o«p ig elitninated and the 
barium salt of the hydroxy^acid, which is then 
formed, is converted iiitiJiith^ y-lac1»ne by tho 
action of dilute mineral acids : • • 

(111 3-CO-( 111 -COOC jH J CH .'COOP^^ 

1 I 

CH./CHj- 0H • CH»-0Hj-OH 

■ CH,—CO—O' 

I I 

CH,- - CH, 

ilutyroluctooe. 

(5) The formation ot ^ert«.in y-lactones may 
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also bo effected by taking advantage of Ijjie fact 
tl^t the tertiary hydrogen atom of the system 

TH * * 

readily oxidised to hydroxyl by 

alkaline permanganate. Thus «.«opropyi-succin^ 
acid passes on oxidation into tcrebio acid , 
^fA^ence, Ohem. ^oc. Trans. 1899, 7ff, 527). . | 

OH-COOH ' 

HOOC—<JIf. 

tj|^roi>yliHigcinjc acid. 

^:h’5c(oh)-g'h-coou 

» HOOC-Cilj 

-> OH-COOH 

•. I I 

. t)-CO-CHj 

, • • TtTebic acid. 

(0) 'rho metln^ds «»f formation of 
of the arorffaiic .series an< similar to Those cm- 
ployotl with alijjfeatic compounds, but the 
.sake of eonvemonce the substances belonging to 
this class may bo divided into three solutions, 
(u) 'I’lie y-lactoiies wRch are derived from 
hydroxy aeids having tlie hydri>xyl group in 1 
the ortho- position in tlio benzene nucleus to a 
side chain bearing a carboxyl group. {!>) The 
y-lactonos which are formed wlien both the 
liydroxy! and carboxyl groups are attached to 
the side chain, (r) The y-lactones formed from 
eompounds having the liydroxyl group in the 
side cliain and tlio carboxyl group attached to 
the ortho- po.sitiou in the benzene iii^efous. 

o-Hydroxyphonylacctic acid may bo given 
as an illinstration of compounds iicludod under 
section (a). •This acid, unlike the •y-hydroxy 
acids of the aliphatic series, can be isolated in the 


be produced by the reduction of ^-benzoyl- 
profionio acid ^ 

CdHa-COCH^CH^-COOil 
and by other methods. Although this^ubstance 
is more stable than the corresponding y-hydroxy 
acids of the aliphatic series, and call be isolated 
in the free st^o, it nevertheless passes into the 
y-lactono wheit boated above its melting-point 
(75^). 

I I • I f 

OH COOH • 0 UO 

^ Phenylbutyrolaotono. 

The hydroxy acid may^be rcorystallisod frSnY • 
warm water, but at 80° lactone f#rmation slowly 
occurs, and when the aoidgs treated with very 
dilute hydrochloric acid the transformation into 
the lactone (m.p. 37°) is complete even at low 
tempera^res. * 

^ T’jie y-lactorics it»Iuded under section (c) ai-e 
known as the 'phlhahdcx, a name wnich i.s derived 
from that of the first memlior of the siprics, 
plithalMe. Phthalido ifself^may lie ecmveiiiently 
prepared by the reduction of phthalio anhydride 
(10 OO 


/ 

O 

\/ 

CO 


}-4H 


0 : 


0 

\/ 




CHo 
Pbtli.ihtlc." 

Other methods of preparation will be found 
Imder the head of Mcconvm {</.j|.). 

Oe)hcr($l 2>ropert<cn of y-lactone ^^.—As already 
mentioned, the y-hydfoxy acids ^f ^hc aliphatic 
scries arc, for the most part, unstabloj^ and 
therefore c#mnot be isolatctk in the free state. 

.. ... . The corresponding y-lactoue separates in almost 

fr#e state, passes *11110 tlie y-Iactono on ‘ every case when the a((U 0 OU?^o^ution of The soil 

distillation : ^ of the acid is acidified even at low temperatures 

^ ^ (Tla. . and in only one or ii^fjtances has it beer 

found possible to isolate the hydroxy aeidSn th< 
■ irce condition. Thus Fittig and Chanlarov 
, (Annalen, 1884, 220, 325, J34) found tha- 
, y-hyciroxybutyric acid as well as its ’ethy 
•riic lagtono i» anain o.oiivortcl inli. tlie aciil ! Jfivatiyes are stable at very low ^mperatures 
on shaking with water. The method employed i i'lio laetones titrate as monobasic acids, am 
for the preparation of o-l,ydroxyphonylaeetic ,‘he salts of the corresponding hyiHoxy acid 
acidiaa 3 follow.s(Baeyerand Fnt.,ili,Hcr. 1884, : <-*» ™ua‘ly be isolated in the crystaUme con 
17, 973 : compare also IStfermer, Annalen, 1900, i ; the silver salts, winch are mostly.w. 1 

313, 83; Bei, liHll, 34, 1807t Jsatin (1) ,a dehned «rystalliiio substances, can be readd; 
converted into ,i.aminobenr,«y]ll,rni.o acid, (2) | »h «ined by donffle decomposition.from th 
by tho action of alkali, and this substance is j pf^tassium salt, 
then converted into o-hydroxybcnzoylformic 1, ,* y-iactoncs 


0:r”““-s 0: 


NIO 


. . .. o-hydroxybcnaoyllormic I y-iacrones derived froin the mono 

aciH (3) by the aid of the diazo reaction. Be- hydr„.vy-nion»-carl*ix-ylie acids *f the ahphati 

diictioii 7ith sodinm amalgam convert.,■ this therefore havp the goner 

compound into* a-hydroxy-to-hydroxyphenyl-' UHin-jO,, arf» neutral, tolourles 

acetic acid. (4) which, on reduothm with hyi- ' hquids or low-melt.ng.sohd* ad ich are vo ati 
iodic acid, v elds o-h«lroicyphenykc6tic acid (5) I ''‘th steam, and c^n be disti led 'Without d 

^ Iinr.ni*! '' composition undon,ordinary atmospheric prei 
The* lower, itembers of the scries ai 


''NH 

->C^‘<^hC00H 

(3) 


* '?!■ 


I miscible with water in all proportions, but tb 


I solubility^ecreascs with increase of molecuh 
’ I weight. Tho^les-s jBoluble ylactones are fr 


weight. Tho^les-s ^olubl^ yi 

/4V : quently characterised by possessing the curioi 

TT /CHa*COOH ■ property of being varyingly soluble in watei 
• • i thus when a con^ntrated solution of the lactoi 

(5) j is warmed, the Jolution becomqp cloudy owil 

Under section (ft) may be gftlren, as illustra- \ to t|je partial separation of the dissolved su 
tion, tho example of y-phonyl-y-hydroxybutyrio , startce; the emulsion again clears above 8C 
acid, CaHs-CHfOHlCri^-CH* COOH, which can ' WJ^en the ylactones are dissolved in water, 
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part-iftl conversion into the hydroxy acid takes : 
pla^e, and a state of efiniUbrium between the ; 
two compounds is attained. Thus it has boon [ 
found by P. Henry (Zcitscli. physilcal. Chcni. i 
1892, 10,*96) that a boiling#! p.c. solution of 
butyrolactone contains KO p.c. of the lactone 
and 20 p.c. of the hydroxy OiCid. y-Laotonea 
frequently react with halogen hydrides, yielding 
the y-halogen derivatives of thclicid, thus : 

CHj-CH.-f'H* 

I ■ I +ni!i—>CH,Br{!lI.-(‘Hj-<J001J 

O'* 00 • 

but the breakiiif: o? tlie Jactoiic ring in tliis 

manner ia usually piorc easily (“Ifi'cti'd •by 

(^dating th<^ compound with an alcoholic solu¬ 
tion of the luvl«gon liydride, wliereby the corre¬ 
sponding ester is foemed (Henry, Coin])!, reiul. 
1880, 102, :m; Cloves, Amuilim, 1001, 010, 
362). When treated with aqueous auimonia 
in tiio^cold, the y-lactoiics yield tho#unido of 
the hydroxy ai'ul, thuH : • 

OH.—(TI.—CJI, 

I ‘ l':fNH3 

0 CO « 

^CU,()H-Cll^Clt,-( TlNHa 
These comjioundH jcadily sjilit off ammonia 
and pass again into the lactum? (Fitiig ami 
Kasch, Annalcn, 1800, 256, 151 ; Fittig and 
Dubois, ibid. 1800, 256, 153). 'I'lie y-lactoncs 
react with liydrazino (Blanc an<l LuUnnger, 
Bull. Soc. chilli. 1005, [ni. | 33, 1005) also with 
potassium cyanide (Wislicenns, Annalen, 1880^ 
233, 113 ; Blan#, Bull. .Soc. chim. 1005, }iii.] 33. 
886, 004). # 

The mtire iiijportani y-Tactones of the formula 
CnHj^-aO. are : * 

VH,—♦ 

Butyrolactone L /() Frciidration 

' rm,~CH/ 

method (3) : boils at 204*^ ami stilidiiies at •—42'^. 
It has sp.gr. 1'120 lU lb“.* 

VcAerolactones. y • Aldhylbuhjroladonc {n- 
CH—(JO ■ • 

vuhrolactime) |» >0 Preparation 

CH^ -ClIdJHj 

from lavulm acid method (3); occurs in 
pyroligneous acid (crude acetic acid from the dis- 
tillatiou of wood). It boils ut 206' 207'', solidi¬ 
ties at --3r'', and has sji.gr. 1’072 at 0“. 'I'lie 
refluttion of laevulic m id to the lactone is very 
readily etfeoted by hydrogen at 250'”' (ifiethod of 
.Sabatier and Sendcrons). 

CH,-CH —CO 

a'Mctfiylbutyrolndmc L 0 is u 

• • (Tl,—Clio 

pungent-smelling oil, boiling at •i00"'-202''. ' 

Cftprolaotones. Idhi/lbulywlacionc («*cu- 
CHg-CJO • 

prolndone) | ^ 0 t boils at 220'^. 


CHg-e-CO 

buiyrotadone \ , >0 boils at 213®, 

, ‘ CH(CH3)—CH CHa 

' and yy.Dimdhylhuiyroladom (iBocapr^ifadoTie) 

OH 2—(JO 

I >0 boils at 95® (20 mm.), an<h at 
i C[l2-~C(CH3)3 , , . ^ * 

, 206®-207® under ordinary afmosphono pr^nsure. 
It melts at -}-§® and dissolves in 20 parts of 
water at 0®. • ^ 

Stearolactone {y-idradecylhidyroladone) 

'■ CH*-(X) ' , 

I ^0 • 

CH.—<'Ii{Cll2),/'H2 , 

is formed, in yield (d 30-40 p.c,, when^deitticid, 
elaidic acid, or »o-o]eic acid is warinefj*with 
zin<! chloride or concentrate^)* sulphuric acid ^ 
80"‘-8r)‘'. It crystaflises i^'om alcohol as leaflets 
melting at 47®-48®. * • • 

’ Behenolactone [y-octwlcnjlhuiyrolndonc) 

CH.—('() • 

1 “ ;0 

(TK—CH(CH2)i,CH3 

w’hich is formed from enn iM acifl by the action 
ol aulpiiiiric acid. crysfalliM'S from alcohol or 
cth(“r as ])lates melting at 63’.5^ 

3’ho unsatiuated monohydroxymonocar- 
boxyhe acids also yield y-lactones, and the i<»l- 
lowing are import ant members of this scries 
(.Tl2--(Tr;(’H 

Crotonolactone | “ I formed from 

O - — (JO 

\ inylacolic acid by converting it into ^y-yichloro- 
bulvnc aftid by the addition of chlorine and 
then eliminating hydrogen chloride by heating 
at 200'-2h5®. Jt melts at 4® and*boiia at 96®- 
!>()'’ (13 mm ) : 

(TI,.--:CH- (ID (JIV 


-CH0W(!1L 

^ ! 


(JOOH C\ 


/^^^v-Angelicalactone 


-(Jil 


(JH 


COOH , 

on .-OH 
•1I 

0 . CO 

CroIbhoIactODe* 
.•C=0H—CDs 

I *1 is 
o-C,0 


! formed, nnaceompaigcd by the /\“^-lactoi>o 
i (sec below), when acetylliovulic acid • 

C-HjL'(OCOCn,,)C}Ij-(5l2 


0 -- 


I 

-CO 


• • 

a* Eihylbutyroladonc 


; 0* boil# at 


• •. (CH,)j(>-C0 

216'^. aa-i^^methyltndyrolacto'iie J ^>0 

bbils at 200°-201°. ay-DimdhyWulyrolaclone 

CHj-CH—CO* • . * 

I >0 boilu at 206°. By-Dimthyl- 
CHj—CH'CHa 


IB distilled under 200-2.W mm. prgssure. * It 
li molts at 18"-l 8 and diatils at 65“-5f)“ {12 mm.), 

CH3.CH-0U=CH 

i /^‘'l^-Angclicalaclone I I 

0 -* CO 

formed Sirom /.he compaund by warming 
it with triothylamine. Itgdoes not soUdify at 
-17°, and boils at 80% (18 mm.)» The<^“^- 
I laetonc is partially converted into *he* 

‘ iautuue on, distillation under ordinary pressure 
(I'biole, 'risebbein, and Lossow, Annalcn, 1910, 
1 Jl9, 180). 

I The y-lactonos which are derived from tiie 
' hydroxydicarhdbcylic acids %re, of course, no 
longer neutral Bubstanoos, but contain a free 
' carboxyl group; flic following compoimds are 
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important members of this class: liuiyrolqftom- 

* CH,—CH,—CH-'COOH 

a-carbcm/lic acid | | is 

• 0 - - CO 

formed from ethyl cyctopropane-1; 1-dicarboxy., 
lato^i^ the addition an*I subsequent elimination 
of hySrogen bromideJFittig and Roder, Annalen, 
1885, «7, 19): 

CH,\ COOC.H, . . * 

c!h/ \cooo,H 5 . t,oon 

^ • • OH.-CHj-CH-COOll 

,• -^1 I 

» 0 -CO 

T^’laiAonic acid*forms a tliic:k viscid liquid 
<9 readily soluble in ^?ater, and when 
heated at J 20° ©voM^s carbon,dioxide and passes 
into butyrolactone. Bnlyrolaclonc-B-carhorylic 
• ^ • CHj—C;H( 00()H)-CHa . 

act'd, Pnraconic acid [ I " is 

• 0 - CO 

formed by the redtiefcion of aconic acid b;\%zinc- 
dust and acfllic acid fReitter, Bcr. 1898, 31, 
2722) 

CII-C(COOH)-OHo ^CH2-C5H(COt)Ii)-CK, 

1 I ( i 

c c!o 0 - - CO 

Aconic Hcid. Paraconic acid. 

((?H3)2‘C-CH(COOH)~(dl2 

Terebicacid 1 1 h 

0 VO 

a product of the oxidation of oil of turpentine, 
and hasjbeen synthesised by several n^lliods. 
Thus it is formed by the oxidation of t*'opro])yl- 
Buccinic acid, as Indicated by method (5), and is 
also produced wlion the ester, formed by the 
condensation of ethyl bromosuecinate with 
aceione in the nresonce if zinc (Reformatzky's 
'method), is hyaiolysed: 

[;H’>CO+Bf-CH(COOR)-CH, ’ • 

“ • • • 

-> ('iy’^C -CHfCOOR)—CH, 


tbe terpenes, was discovered by Hompol and 
investigated by Fittig and his pupils; .jts 
structure was determined by Wallach. The 
acid has b^n synthetically prepared by Law¬ 
rence (Chem. Soc. Trans. 1899, 75, 529) by the 
oxidation of j8-isopropylglutaric acid 

(compare method (.5)), and by .SimSnsen (Chrtn. 
Soc. Trans. 1907, 9], 187) by the action of m.agnc- 
sium methyl iodide on ethyl /3-a5otoglularafo . 

CH,-CO-CH(CH,'COOR)a ' 

Ejhji /5-acotogliil.'iratc. 

-> (CHjjO—cii(r;Uj-cooR)j 


OiMuI 

I 

. O— 


Ti(CHj'COOR)-(;ir. 

I 


OZnBr COOR 

[’h’>C-CH(C 0011)~CH, 
''“"Is 1 

0-.-CO 

obtained 


It is also obtained from teraiflPnio acid by 
warming with suJphuiic acid 

(Cfl^)3C-C(COOH)~CH8 


Teraconic aclS. 


COOH 


(CIl3)2C—CH(COOH)-ClIa 


->-CO 


• * Te^.bic acid. 

Terebic acid crystallisea-from water as needles 
which^elt al 174°-17^. 

1 wo oAer lactonic acids, which have played 
an important part in the elucidation of the 
oiiomistry of the terpoups, are terpenylic acii^ 
flii acid. Terpenyhe acid 

(0Hs)aC~CH(CHa‘qpOH)-CR2, 

1 I which occurs 

0---—(iO 


- ,-00 

> TorpenyJic acid c^Htallises witli 1 molecule 
of water as colourless prisms which melt at r>(3”. 
'i’ho water of cryjitallisation is removed bv:©ul- 
Iihuric acid and the anhydjoub ffubstanco ilien 
melts at 89”. 

Homoterpenyllc acid 

(CH3)oC~CH((T!2*Cll2-COOH)OHa 

0-—('0 

was isolated by Bacyer during his researches on 
tlic constitution of piuene—the chief con-stituent 
of oil of turpentine; its relation to terpenyhe 
abid and terebic acid is shown by the following 
formuhe * 

(CH3)3C-C:U(0H'’C1I,-C00S1)^CH2 

oi- ’ .- ■ i!-o ’■ 

Homoterpcnylic acid, 

(OHjljC—CH(OH,-CobR.)-CH/ ' 

O - ,-(JO , 

Terpenylic add. 

® (0H,),0-CH(C00H)-C'il, 


0-CO 

Tereblc add. 

Homotcrpenylic acid is, as a matter of fact, 
converted into terpenylic acid and some tercbic 
acid by oxidation with nitric acid. Hojnq- 
tcrpenylicjacid has been synthesised by Simnn- 
sen (Chem. .Soc. 'lW.h. 1907, 91,184) by treating 
ethyl )3-acotoadipate with magnesium methyl 
iodide and hydrolysing the product. 

CH.-CH.-qoOR 

CH^'CO—CH—oil. 


I 

COO^t 


->(CH,),0 

. "0 


CHj-CHjCOjH 


CO 


The acid .crystallises fiom water as glistening 
prisms w*ich melt at 100°-102‘'. ' 

The formation y-lactones from polyhydroxp 
catboxylio acids.* Those polyhyaroxy derive- 
_ tives ©f the carboxylic acids which have a 

frequently as a product of the degradation of ! (i^tiig.^Annalcn? 189^ ?68? 4^34^4(^ 
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When hydroxyl ^^niupK aro prowcut in buth the 
y-f and 8- poaiUoiiH, tho y-laotonc is formed, 
aineo tho hvo-meinbeTod y-laotonc rin" is more 
easily closed than the six-momberfd 8-lactono 
ring, thus: • 

OH2(OH)-CH(OH)-CH((>H)-CH((HI) ('IKOID-COOH 
(jhironic aclii.’ 

CHa((>H)~(!li(Oli)—CH-tl5(OH)-CH'Oll 

• I I 


•JJuronolactonc. 


CO 


The hydroxylacionos, which aro derived 
from the acids of the suj^ur gn^uj) and M^iich 
^ fnereforc contain sA’cral hydroxyl complexes, 
arc characteri»e(l )>y showing a greater tendency 
to crystallise than tiie hydroxy acids tiicmselvcs ; 
their formation has therefore been of eon- 
sidorablc service in elucidating the structure of 
the HSgars. '.riie remarkable propertyi,possessed 
by the acids of Ihe suga»grt>uj» of passii^ inio 
the aldeliycie, that is. the sugar itself, when 
redijcod by nnsecni hydrogen,•dnis : 

rHjlOlJ) -((‘Il-OIP),- OOOU 

. (ainx)nic acid. ^ (.'H„(()U){('H'OI 1 ) 4 CIIO 

IS entmdy impendent on the formation of the 
lactone. That is to say, tlio acid it-self is not 
reducible but only the lactone (E. Fisclier, Her. 
1881). 22. 2204; 181)0, 23, 1)30). 

The following lactones arc derived from the 
penlahydroxyearboxylie acids: d-Man-nonif- 
ladone melts at UD’-’-lblF, and has 

|al,)~ fbibs'"; l-Muwmiolacfow mviltii at 140‘- 
150°, and*li»i [aJi,—"■^LS(d-'-/)-Mna'«o«.o- 
lact9ne melts at HO^-lbb’. d-(Ui(Omol<irU)nc 
(IjHjqOj melts at 130 - 135° and'yields grape 
/iuga»*wlien recUiced by sodium amalgam. 
l-(Jluco7iolo.ctotiM melts at 185° and gives /-xylose 
when oxidised by ltf/dn»gen peroxide, d- 
(•akiftonohiclonc nfldts at 01° in the anliydnms 
state, but with water yields a hydrate, e<^- 
taining one moleeule of water ()f crystallisation, 
which melts atMl". The ((/-I /)-i!a(/ow melts at 
122°-125°. a-UhamnoHcUtckme melts at 1(12°- 
108°; 8-lihomnosrladonc melts at 134°-i38'5 
The following lactones are derived from tho 
liexahydroxycarboxylie acids: d-Miinnosc- 

ljf.donr (m.p. 140°) :l-Maii)ivsrladoii,e (m.ji. 154°); 
a-ct-GluroKcladone (ni.]). 140" 145°)^ fi-d-(>lu- 
co^eladojie (m.p. 151°) ;• a-d-^!aI<(rtoscJadow 
(m.p. 1^0°)4 d-h'rHdosthidonc (m.p. 130°). 
These lactones are reduced l*y sodium auialgam 
to tho corresjmnding heptow's « 

1’ho formation y-ladtones from the acids 
of the sugar senes been usfd by Turdii^aml 
Irvine (('hem. Soc. I’rins. 1!)U3, 83, 1021) to 
supply direct eviAinee 8f the y- linkage in glueo- 
sides. 'riiiis a-niethylgliK^iside when alkylated 
by tho aid of silver uxid» yields t#trame.thyl-tt- 
methylglucoflWe which, on*hydr<>lysis, is con¬ 
verted into tetramethylglucose (m^). 81‘*-83°). 
When this sulietaifce is oxidi%ed by broiniiie 
> water it is converted intiJ tctramcthylglucono- 
lactone. ^ 

CH-(OH)CH(()H)~(!H—(CH-0®2--rU'0CH3 

• a-M.cthyigtucoBide. • 

-»Cnj(OCH3)-CH(OCHj)-CH-{CH-(>OHjVaftoCH, 

, Tctramelhyl-o-methylglucoslde. 


-^ClIaiOCH,) -CH(()OH 3 )-CH(OH)-(CH'OCH 3 ),{ 7 nO 
TetramethylgluuoBO (m.p. 81®-83®). ” ^ 

CH2(OOH3>-CB(OCHa)XU(OU)HCH-OCH3hi^^^ 
Totrametfiylgliiconle add. • 

l'•"->CiI3(OCH3)-C^(OC^a)-OH-(CH•OOIIa)3-CCi 

* TetramethylgIucO|olii<’tone. ^ • 

Eolyliydro>^y derivatives of the dieaAoxylic 
acids yield yy-clik,ctoneij, where possible. Thus * 
aa'-dihydroxyglutaric acid yields in the first 
instaiKiO the hylro.xylaetonic acid meBing at ^ 
lOT'-lbS", and hnally th^ dila(?tone (l?^tig,_ 
Annalen, 1007, 353, 1) 

C(.)OH 


CH(OH)-Cll--H'llOU 

I 

OaoH. 

coon > CO-0. 

I I I 

CH-»-CH .-(;il'OH -» (!14—CH.-CH 

L "I .1 'I 

-CO 0- CO 

'file formation of Ia<;tones from ahcyclic 
com})ouTHlH ajipears tfi proceed in much the 
same manner as with (he open chain substances. 
In many eases, the formation of the lactone 
proceeds normally as, for example, when Dromo- 
oarnphorie anhydride is eon verted into eamphanic 
acid by the action of boiling water (Wreden, 
Annalen, 1872, lli3, 330) : 

--CIir--0U Cli,—0(('O0U)-() 


i 

C(4'H, 


0 


I 

C((M3 


CH.-C(CHJ)-CO 
bromoeuiuphoric aiiylidridc. 


(!IK_V<'(('H3)-()0 
Camiduuuc add. 
On the other hand, sterie hindrance seeirif^ in 
some eases, to iirov^ent tlie fcfmation of the 
lactone. Thus l-l-dimcthyl-4-hydroxj -eyr/o- 
pentaifc-2-Varboxy!i(* acul • * 

^CH., -UlfOll 

sIkiws no tendency to j»ass into the iiinor anhy¬ 
dride (ITrkin, I’horjie, and Walker, Trfns, 100*1, 
70, 783). It is, however, ])oKBiblo that in this 
instanci! the hydroxv acid may represent tjic 
/mri'i-eontigiiration A this substariee, in which 
case the formation of the la^onc would be 
prevented (sY:#orthocoumai'ie aeid). 

The y'lactones of the aromatic series, 'fhe 
following lactones are inpiortant members of 
this .scrie.s. (For methods of jiroi^ratioif see 
above.) The laitonc of o-hydroxyphcnylacetic acid 

exists in two modifications, a 

labile form, melting at 8)8°, and a stable form, 
melting at 40". 


It boils at 248°-252“ and is 
8low]y^(!on\t:rte(f iifto ,tho* hydroxy acid on 
shaking with water. Ph^n^lbutyrolaciom 
C.Hs'CHiCHj-CH*, 

I I • 

. 0-CO 

nielts at 37°, It is volatile with steam and has 
ra pleasant annnatic * odour. Pkenylparaconic 

acid I • * I is formed by 

0—i-J-CO 

! the condensation of beuzaldehyde with sodium 
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Bucfinate in the presence of acetic anhydride, 
it crysWUses with and melts at tH)“. 

When dribd at 90® it melts at 121® and after 
resolidifying melts at-100®. If the melted ] 
8]^pc<ftien is heated at 115® and seeded with 
crystal* melting at ^21®, the raodifierftion of' 
higher^ melting-point is proc^uced (Kittig, 
Annalen, 1889,256,143). It i| sparingly soluble 

in cold water. * P/dArtZtVie 1 

{orralld by the reduction of phthalic anhydride ' 
and^vas first obtain^ by Kolbe and Wischin in ; 
1800 b^ the reduction of phthalyl chloride 

I^an also be oldaifttd by the action of bromine 
dn o-t«)luic acid at 140®* 

Phtlwillde. 

Phthalide crystallises from hot water as 
rhombic plates winch m#lt at 73® ; it bods at 
290® without decomposition and is sparingly 
soluble in alcohol, ether and in cold water. The 
lactone is converted by alkalis into the salt of 
the corresponding hydroxy acid 

0,H4(CH3-0H)C00n I 

Tliis acid is stable, but by long standing in j 
aipicous solution,-or by melting, is converted 
iijto phthi^ide. • 

(’H3O , 

Meconlne i ^ 0 . This .Substance, 

• * \/\m, 

which was formerly named opianyl^ was dis- 
cover(Sl ind(^ndontly in 1830 by (^^ouerbe 
and by Bublt^c in opium. «lt also occurs in the 
root of tlio ill fir antis (MnadetmH (f..inn.), and 
is, moreover, one of the proSucts which are 
^OTnietbwhon narcotino is oxidised by nitric acid. 
It has b§en prepared synthetically by Fritsch in 
tlie following way (Annalen, 1898, 301, 352): 
Methyl 2: J-dimdthoxybenzoate (1) is con¬ 
densed with chloral, under the influence of 
concentrated sulphuric iftid, to form 5:0-di- 
methoxytrichlqjomethylphthalide^ (2) This 
compound, when hydrolysed, is converted into 
the corresponding carboxylic acid, (?) which is 
transformed into carlxin dioxide and meconinc 
whim heated: 

0 ( \U • CH3O 

CH3O/V-COOCH, CHfi/'Y \) 

( 1 ) • ( 2 ) 

XCI^COOH 


Meconine forms white crystals which melt at 
101®-102®. It sublimes unchanged and iJs- 
solves in 700 parts of water at lo’G® and in 22 
parts at 100®. ♦ 

5-Lactones. The remarks wliich have al¬ 
ready been made respecting tlie case of formation 
of the y-lactonet from the y-hydroxy acids apply 
also to the prodifction of the S-lacto^es from the 
corresponding $-hydroxy acids, ex^pting that 
the six-memberod 8-lactone ring is not so 
readily formed as the livc-membered ring of the 
y-lactones and is consequently more easily 


brokfiii. 

Alip 


liphatlc 3-lactones. 3- Valeroladone 




-CHj 

is formo<l by the reduction of glutaric anhydride ; 

• Oljjtarlc anhydride. # 

-> ch,<™“3^”“>()+h:o 

It boils at IISO-IU" (13-I.J. nini.) and at 220“ 
under ordinary atmospheric pressure, is spar¬ 
ingly soluble in water and is characterised by • 
passing, on standing, into a crystallinepolymeride 
molting at 47®-48®. When watae is added to 
the lactone an acid reaction is at once obtained, 
showing that the lactone ring is readily broken. 
CH3CH('H2('H3(!H2 

h-Oaprolactone, \ " | was the 

• 0-CO 

first 8-lactpne of the aliphatic Sliries to be pre¬ 
pared, and was obtained by Fittig .and Wolff 
(Annalen, 1883, 240, 127) by th^ reduction of 
y-acetobut^^ic acid: ' • • 

CHaCO-CHgOHa'CHa-COOH* , 

CH^-CH-CHjCHa-CHa' 

• . 0-CO 

• 

It boils at 230®-231® and forms needles melting 
at 17®-I9®. It is miscible wit,If water and ab¬ 
sorbs moisture from damp air, passing intb the 
hydroxy acid. 

Aromatiif 3-lactones. Several 3-lactones of 
tlie aromatic series are of considerable im¬ 
portance because they cither occur free in nature 
or are obtained as tlie products of fission, 
certain natural glu^sides. They are largely 
used indiistrially for the preparation of per¬ 
fumes. • 

• (TI 

P 

qgumarln I *1 \^iich IS the 3-lactone 

• 

of o-hydrnxycinnamic acid 

^CH; CH-COpH 


(3) 


CH,0 




/ 


CO 


VoL. iv.-r. 


No 

\/\CH, 

Meconlne. 


\eH • 

may be regarded as the prototype of this group 
to whick ^he general name of ‘ the Coumarins ’ 
is applied, ohiefly because the other members ^f 
the series are d^vatives c4 coumarm in which 
hydroxyl or meAoxyl groups are«present in the 
ben^^e nucleus. • 

The coumarins may be prepared either J)y 
«pfllying the Perkin method for the synthesis of 
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coumarin (see bolow) to tho necessary deriva* 
tives of salieylaldehyde, or by the v. Pechmann 
method, whict is carried out by treating phenols 
with malic acid in the prosrfhco of concentrated 
sulphuric acid (v. Peclimann, Bor, 1884, 17, 
929; V. Pechmann and Wclsch, ibid. 164C). 
This reaction is explained by apiiuming that the 
strong suli^luirio acid first decomposes malic 
acid into carbon monoxide, water, and hydroxy- 
acrylic acid, tlKis : 

COOH-€H(()tl)(‘H 3 -C()OH 

Mfillr afid. 

(! 0 +'li 20 +CH{OJI):OH*CV) 0 ]l 
{*and that ih< hydr^xyaerylic acid then con¬ 
denses witli the p^.onol to form the coumariii, 
thus: I 

HO C,H4'0H I H(>*CH : CH-OOOH 
^ iteflorcinol 

-CO 

II/l+HO-CoHj/ I 

. '-CJI -CH 

Uinl>elllf<!ri)ii(‘. 

This reaction yields the best results with tho 
m-substitutes phenols, (kmmami was first iso¬ 
lated in 1820 from Tonka Ix'ans, the seed of tho 
Dipicryx odorata (Willd.), and was subsequently 
characterised by CJuibort. Jt was first ])re])ared 
synthetically by Perkin from salicylaldcliycJe by 
heating with sodium acetate and noetic anhy¬ 
dride ; 

C.H.<f?2of(C!H,(;0),0 ‘ . 

C XT* 

,0 - (!0 

I +CH,-CO()ll-l H„() 
x'li ;':;e 

This synthesis may, moreover, be appluMl to 
the formation gf other couinarins since, by tire 
method of Gatt«rmann {Bor. 189!), :t2, 278, 287), j 
many hydroxyaromatic aldehydes can now be 
prepared from phenols by the action of iiydro- 
cyanio and hydrochloric acids in the presence of 
aluminium cliloride. 

Coumarin forms prismatic crystals which 
tndt at 67® and boil at^ 290®-2y0'5®. It is 
sparingly soluble in cold water but re'etdily dis- j 
solves oiitwarming. The cori'c.sponding hydroxy 
acid, coumariiiic acid, cannot be isolak*d in the 
free state, but when coumarirl is boiled for 
some time wilh a solution of^ potassium hydr¬ 
oxide, an acid sepdtates on acidification itj^iich 
decomposes above 200 ® with evolution of 
carbon dioxide teat dbeSf not yield coumarin 
(Zwenger, Annalen Supjd. 1872, 8 , 23). This 
acid, which ^is called oTthocoumWic acid, is 
stereoisomeric * with the uivitable coumarinic 
acid (Clayton, Chem. Soc. Trans.'11910, 2102) 
the two acids being rjpresqpted b^ the formulae: 

H—C—COOH H— (J— coon 

II li i 

H—C—CI.H 4 OH HO C 4 H 4 —C—H 
CSumariuic acid (cls-fo|pn)e-OuumaC!c add (trans-form). 

The ease 'of formation of* coumarin from 
coamarinic acid is explained by the proxanity 
of the hydroxyl and carboxyl groups in the cis- 
oonfigu^tion {cf. Borsche, Ber. 1904, 37, 346). ^ 


Umlwlllferone, Hydroxycoumarin 

This substance, which is tlie 8-lactone ef 2 :4- 
dihydroxycinnc.raic acid, is found in the bark of 
tha'Daphne Mezeman (Tnnn ) and is also obtained 
by distilling various resins sucTi as galbanum 
and asafeetida. Its synthesis mn.y bo effooted 
directly from resorcinol by; v. Peehinann’s malicf 
acid method, or indirectly from rcsorcylaldcbyde 
by the aid of Perkin’s reaction, a method which * 
c.stablishes tho position ox the hyd-ox/f group 
ill umbclliferono: ' ^ 




[!JI=CH 


I 


Daphnetin 


-/ 

in ' 

lUfprc.vlulddiyde. . Umbclllicrone. 

Umbcliifcrono crystallises from hot water in 
slender iieedle.s melting at 225®. It dis.-o)\tt(3 
very sparingly in wt^f/or, yielding a solution 
whndi sliows a marked blue fluorescence. 

Herniarin is the methoxyl diMivative of 

xjii'cn 

iimbeUiferono CH30'(’4ll3y | , and 

H) CO 

occur.s Ml Dnniorifi ///rsida (Linn.) (Barih and 
Herzig, Metiat.sli, 1889, 10, 161). It melts at 

117"- 118''. 


.>/ yvh - CH r 

G I is obtained 

\0 CO 

by tlie fij^);!ion of the glueosido dapJinin, either 
by acids or by ferments. It can be })repared 
aynthetieally either fi'ieii jiyrogallol by the inRiic 
acid method or from pyrogallolaldcbyde by 
I’erkin'^ reaction; the socomj; method of 
pioparation deterurnes tho positions of the 
hydroxyl gfuupSpin dafihnetm i*' 

JXOC^^^^CIIO CH-=0H 

XH) Oil ^\0 “ 00 

Pyrogallolaldcliydc. • Daphiintln. 

Dajihnetin crystallises as needles or prisms, 
melts at 256®, ami deielops a pleasant coumarin- 
Iike smell wh^^i heated. Jt dissolves in alkali, 
forming a reddish-yellow soiiition and gives in 
aqueous solution a green coloration with ferric 
chloride. 

OH . • 


^sculetln CH= 


=CH, is iso- 

\o - 00 

meric <rvith daphnetin. It occurs in the bark 
of the horseTihestnut^ partly «freo and partly as 
tho glucoside sesculin. ft^^lso occurs in the ^ed 
of the Euphorhia Laf/iJ/rif (Litin.), rfhd can be pre¬ 
pared synthetically from hydroxyhydroquinone 
by converting this- substance into ®hydroxy- 
HO 

HO,/^CHO, by 
, ^ OH 

means of hydrduyanic and hydrochloric acids in 
the presence of ainc ‘chloride (Gattormann’s 
reaction), and then by subjecting the aldehyde 
t»> the Perkin reaction. ^Esculetin crystallisee 


i^droquinonoaldohydo 
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frofn water as leaflets or needles, melts at 208® 
with decomposition, and ia sparingly soluble in 
cold watlr, but readily dissolves in hot water 
and in alcohol The tqueous solution, which^ 
h 9 r 8 *\ faint blue lluorescenco gives a green 
colora^on with ferrip chloride The‘lactone 
dissolves in alkali, forming yellowish-red 
• solution. ^ 

Scopoietln {f''4irymlro}nc aetd) 

OCH 3 

(HI; cm 
,\0 . ('() 

which ^ tlfo methoxyl derivat^e of a^sculetin, 
istuated by Eyliman (Kec. trav. chim. 1884, 
8 , 171) from the rlftzoiiie of Scopolia juponic<i 
(Maxim,). It also occifra in Airo'jyi hHladomut 
(l,inn.), in the bark of the Prunus 

acroHna, and* in jalap. The lactone cr^stallisos 
from ethyl acetate as needles which m«^t at 
204^^, and oxhibitif a fine blue fluorescence in 
aqueous solution, which is enlianced by the 
addition of alkali. The constitution of this 
substance as 4-hydroify-5-methoxy-couniarin 
has been determined by Moore {('hem. »So(^ 
Trans. 1911,99, 1043). 

€-Lactones. The existence of €-lactones has 
been shown to bo possible by the researches of 
V. Ilaeycr and his collaborators. Thus when 
the hydroxy acid {I) is distilled, it is partially 
decomposed into water and the c-lactoiic: 
jS-mothyl-e-iA'Opropyl-c-caprolactone ( 2 ) (i^aeyer 
and Chief, Ber. J 890, 29, 29; Ba<^er and 
Seutfert, ibid. 1 800, 32, 3010): • 

C001I-OH.'OH{CH3)CIB-C)H,‘C1I(OH$OH(CH3) 

( 1 ) 

. I 

CO —- o 

• • 

The hydroxjPac.id {I) 7 whicl| is dlirived from 
raentlione oxidation and subsequent rodne- 
tion, exists in two forms, one of which is liquid, 
tlie otbfcr solid. There are, therefore, two 
lactones (both of which arc feebly Jeevorotatory), 
one melting at 47® derived frtim the solid acid, 
and the other, a liquid boding at 135® (12 mm.) 
derived from the liquid acud. Both modifica- 
tioiiH of the laqione are insolublSttn cold alkali 
but dissolve on warming. The soliii e-lactone 
(m.p. 47") is also formed when menthone is 
oxidised by Caro’s acid (Baoyer and Vilhger, 
1899.^12, 3028 ; 1900, 33, 800). 
; 6 *i 5 o-Propyl-€*iiethyI-c-caprolactoneisformed 
when tctrahydrocarvono is treated with (’arc’s 
acid (Baeyer and Vilhger, Ber. 1899, 32, 3029; 
Wallaoh, Animlcn, 19^, 323, 331): ^ 


Caro’s acid (Baeyer and Villiger, Ber. 1900, 33, 
862 ; V. Braun, ibid. 1906, 39, 4362): • 

CHa—CHo—Cnij CH 2 —OHj—CHj-0 

[ ' >(;(> 1 I 

CKj—CH 2 —(MI 3 

Suberone. C -1 vftct one. 

The lactone* 4 vas' not isolated, hut its exist¬ 
ence in the crude product of oxidation was* 
inferred from the fact that when treated with 
alcohol and sulphuric acid it wa# converted into 
the ethyl salt of ^-hydroxyceuanthylic acid 

^ 011(011 j.)oCQ()E 

LACTOPHENIN v. Synthetic »ruus. 

LACTOSE V, CabbohydrStks. 

LACTUCARIUM. LcKuce opium. ’Phe in¬ 
spissated juice of Lactucii virom (Linn.) (Lac- 
iMcar/um,^J.S*r.). and other species of L^tvea 
(v. Woodville, Med. Bot 1, 31 ; Bent), a. 'I’rim. 

1^1). Lactucari»m is sometimes employed 
: in medicine as a#ul> 8 titute for opium, and has 
often l>ecu examined chemically. 

Half the weight of lactucariuni, or more, con¬ 
sists of the tasteless inodorous compound Inc- 
tucejin or laclucon, first obtained in a crystallino 
form by Ijcnoir (Annalcn, 59, 83). It has been 
repeatedly investigated, with varj'ing results, 
apparently last by I’omeranz and Sperling 
(Monatsh. 1904, 25, 785), who by extraction of 
Lartiicaiiuui, (jerniomcwni (from L. ?aVo.sa) with 
light petroleum obtained laducon [^-ladnccrin) 


CH(0H3). 
/\ 

CHgC© 

\/ 

OH—C3H, 
Tetraliy diocarvone. 




, CH(0H,: 
CHjO 

I I 
CH, CO 


f 


aaUggOa, neediesm.p. 183M‘a]^ +50®, readily 
soluble in most organic solvents and hot alcohol, 
but not in water. It is the acetj^tc' of ladicol 
m.p. 15f-5®. 

French #^actucarium (frofli L. viroa(P or 
L. altiasiona) has boon examined by Francl^mont^ 
and Wigman (Ber. 1870, 12, i0)#who obtained a 
lactucon which may cy,’ may not be identical 
with that above-mentioned.# The bitter taste, 
and probably the medicinal properties of*lac- 
t»carium, arc, however, due to small quantities 
of laduc.in 0 uHi 2 O 3 ,H 3 O, crystallising from bot 
water (Kromeyer, Arch. Pharra. 186J, 105, 3), 
and possibly to other substances. For the rest 
(Gorman) lactucarium contains 8-10 p.c. of 
inorganic matter, 2 p.c. of mannitol, free oxalio 
acid (up to 1 p.c.), citric and malic acids, sugar, 

: gum, asparagin, pro^^in, caoutchouc, and r^iif 
(Kremel,^*harm. Zentralh, 1888, 512). 

For L. camdenaia, see Flowers (Hharm. J. 
[iii] 10, 44). a. B. 

LACTCCERfN, LACTUCIN, LACTUCOL, and 
LACTUCON ti. LjipTutABiDM. • 
lAC VARNISH »>. VaeniSh. 

LADANUM, is a resinous exudation of 
(Jistus Spp., more paij^iicftlarljsof Ciafna creticita. 
It is dark brcjjvn in cobur, softens readily when 
worked in the fingers, has a peculiar pleasant 
odou% with a bSiamic, bitter, pungent taste. 
Partially solfcle in ether, chloroform, and alcohol, 
practically insoluble ip watpr or light petroleum. 
Consists of a bfown resin, an essential oil, and a 
solid crystalline substance, ladaniol 
m.p. 891, resembling champacol and guaiol. 
The portion of l^anum insmuble in ether and 
alcohol contain!^ a bassorin-lik^ gum, which 
give.spnuoio acid on oxidation wifh nitric acid; 
a gre^sh-white, pulverulent resdn ; and a bitter 
substance (Emmanuel, Arch. Pharm. 1912, 
111 ). 


. e-LactIne. 

The lactone boils at 155‘5® (2f mm.). 

^-Lactones. An unstable lactone of this 
series is formed when suberone is treated with 
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,L®VOBORNEOL v. Camphors. 
LffiVOCAMPHOR V . Camphors. 

L®VULIC ACID Ketones. *• 

L.4SVULOSE V . Carbohydrates. 

LAKE ORE V . LbIonite ; Iron. 

LAKES. The origin of their manufacture, 
as well as of the term ‘ lake ’ itjifelf, is seen from 
the following brief historical sketch :— 

According to I’liny, the dried scum collected 
by the dyers isf Tyrian purple from their dye- 
liquors furnished a costly purple-coloured 
pigment employed by painters. The indiaim 
of the Roman artists was ])robably obtair«)d in 
the same manner fr(*m a woad or indigo vat. 
Caneparius, a Vc^ictian writer on dyeing, in 
1019, states that it was the custom of dyers to 
evaporate the waste lac dye-liquors in order to 
obt^i an artificial lac used by artist^. 

Similar pigments wore afterwards prepared 
or collectea from the waste dye-liquoru ^of 
kerraea, brazilwood, A’c. Such pigmenti' were 
called by the Italians laccef and these were j 
distinguished from each other by adding the i 
name of the substlance whence the colour was ^ 
derived— e.g, larca di i^erzino (Brazilwood), lacca \ 
di grmia (kermos), Uicca di crrnii.tf, &c. ! 


I of the colouring matter, a lake may be at cctce 
I obtained on adding to it a metallic salt solution. 

rreshlv precipitated metallic hydroxides are 
^also capable, in many rases, of attracting and 
combining with phenolic colouring mlttqrs 
when agitated or heated wj,th their soluU^s. 

It is well )io bear in mind that not unfre- 
qucntly the norrpal compounds of a colouring ' 
j matter with a single metallic hydroxide are 
j comparatively Soluble, and in these cases the « 
addition of a second inct^^ic salt {e.g. calciunv, 
salts) may be found necessary to bring aibout 
the formathui of the lake, which then b^^ars the« 
character of a double saltt All the olde? lakes, 
derived from j;egetable or animtu c^'lcuring 
matters, were produced by r^>ne or other of iifee 
foreg<jing methods; and these same methods 
may bo employed witfi all phenplic colouring 
matters produced from coal tar. A variety of 
pigmenb' are now obtained by •precipitating 
eert%^n basic and acid coal tar colours from their 
Holutiona by making suitable additions, and 
although they are not always veritable lakes, 
they usually bear the name ‘ aniline lakes,’ and 
arc, therefore, most ‘conveniently considered 
here. 


to the word lake itself, the Indian ‘ lac 
or ‘ lakh ’ means a hundred thousand, and 
refers to the immense numbers in which the lac 
insects {(’ocens laccte) ajipear at certain seasons 
on the branches of tlie trees infested with 
them. ^ 

At the pro.sont time true lakes are like those 
of the early dkys—namely, inflohible pigments 
obtained by^precijiitating solutions of organic 
colouring matters witli ifietallie salts, &c. 
Th^* arc, indeed,' the same eolouredf)reci|)itates 
which it is the object of the dyer to })roduce and 
fix directly on,the fibre, but they arc no longer 
the waste products of the dye-hath, but are 
specially prepared, for ‘the use of artists and 
othdf*s. 

The precipitating agent omjiloyed in thq^r 
preparation varies according to the nature of 
the colouring matter; if the latter is of an acid 
or phenolic character the active constituent of 
the former is of a basic character, and vice versd. 
J'he essential jiart of all such lakes consists of 
colouring matter (diemieally combined with the ! 
lotivo constituent of the iirccipitating agent, i 
In Some cases, no doubt, lliere may be«coIouring j 
aiatter o|,preeipitating agent mechanically mixed ! 
with the true lake, the amount varying according ' 
to the proportions and the methiM of preparation 
idopted ; buW these musk be Regarded as more 
ir less adventitiottr! and not essential t» the 
jomposition of a Jake 

Most of the v%'etal5lo^eolouring matters are 
)f a phenolic character, and the metallic com- 
lounds of some are so in^lublc thftt, to produce 
akes from tfidra, it suffices add to a filtered 
olution of the colouring matter th% solution of 
>ho metallio salt, ^or example, alum. In 
nost cases, however, the Vcid character of the 
olonring matter is not sufficiently pronounced 
0 enable it to displace the acid of thctmetallic 
§.It; hence the further addition of an alkali 
t.g. so^um carbonate) is neclssary, in order to 
leutralise th© strong acid of *the salt and to 
iberate the base, with wliich the col^Mring 
natter then combines to form the lake. 

If it^is possible to employ an alkaline soluAdi 


In some cases, no doubt, certain elements of 
the precipitant combine with the colouring 
matter, and jiroduee an insoluble pigment to 
whi<‘li the term ' lake ’ may be legitimately 
J extended. In tho.se instances, however, where 
I their i)roduction depends upon the jirojicrty, 
poHsesa'd liy many insolulile bodies, of attracting 
the eolhunng matters from thoif* aqueous 
solutions bj mere absorption, or in virtue of 
moleoulaii surface attraction, &e‘., they cannot 
be regarded as true lakes. The same remarks 
apply to the modern jiigments from insolqble 
azo colours (pigment colouring matters) and 
the devclojied or ice colours. , 

Suoti insoluble substances as ai»c here referred 
! to net as a Jiaso or ihil^^tratum fc* the colouring 
matter; they nr? termed ‘ carAers^’ and consist 
J of kaolin, aluminium hydroxide, barytes, &c.j 
I It is quite usual, however, to find such 
, insoluble bodies mixed with all lakes', not aa 
i precipitants, but for the purpose of increasing 
j the body or covering power of the pigment, or 
as diluents in order te obtain pale shades. 

(iood lakes shoiild never dissolve in the 
vehicles by nfisans of which they are applied aa 
pigmcnts,«othcrwlse all their covering power will 
be lost, and what should be a paint becomes in 
this ease merely a coloured varnish. 

Lakes derived from PheN^lio Colouring * 
Matter.?. 

Redt. 

Maader-Kke. In the preparation of madder- 
lake extraction of the •'jpadder with hoiliiig 
water is avoided, in order iv)t to tiissolve those 
impurities which would cause the production of 
a less br^liant lake. It is well, firsttof all, to 
decompose the glucoside of the madder, and 
^us increase the actilal colouring matter, by 
sleeping in slightly tepid water and allowing the 
mixture to ferment for 24 hours, then wash with 
cold water an(^ extract witD alum solution at 
00®-70®, employing about equal wei^ts of 
madder and alum. 'Phe hot filtered alum solution 
of the colouring matter is precipitated as an 
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ali^ina lake by adding sodium carbonate, and [ 
the pre<jipitate is washed. 

Anotilor method is to precipitate impurities j 
from a hot filtered decoction of madder by i 
ad^ig a small quantity of lead acetate, then* 
fitter, ^dd a solution of alum, and prtcipitatc 
.with sftdium carbonate. 

Matters may be so arranged as to ])ro- 
cipitate basic f^uminium suf^ihatc instead of 
aluminium hydroxide, namely^ by adding an 
jnsufticiency of sodmm carbonate to the cooled 
8olig,ion of alum ana*colouring matter, and then j 
, boihnc the mixture. 

Of^^ncine is preferable to madder for pre- | 
paring ^adfler-Iake, since it does not contain any ^ 
o^thc colouring mf\J.ter in the rtrin of glucoside ; 
(ruberythric acid). !lnd the soluble impurities 
have also been for tffti most jiart removed. ; 
f!xti •act 1 kilf). garun#inc repeatedly for several ; 
hours with litres of boiling waiter containing ' 
0*25-0*5 kilo, alum, and filter hot*tlmMigh' 
flannel. On cooling, the colouring matter *cpa- j 
rates from the filtrate as a floceiilent precipitate. 
'J’his is collected and dissolved in ammonia, and ; 
the filtered solution is pr^dpitated with alum, or j 
stannous chloride, or a mixture of both. The ] 
colour intensity of the lake vanes with the i 
proportions of ammonia and preci])itant em¬ 
ployed. A method similar to that described for j 
madder may also be employed in preparing | 
madder-lake from garaiicine. ' 

Bright carmine-red lakes are obtained if, in 
the preparation of madder-lake, an amii^miacal 
solution (d cochineal-carmine is empl^iyed for 
precipitating the alum solution, instead of the 
sodium carborSite. This method can be adopted 
to render the lower qualities of ma^dcr-lakes 
more attractive. Cheap qualities of inadder- 
lalfes are also lyepared suinotinies by extracting 
mixtiijes of madder and Brazilwood with 
sodium carboiiate, and jirecipitating wilji alum 
or a solution tin. • 

So-called ‘^rystalliift'd-ma^der-takcs * are 
such as confhin a certain quantity of potassium 
w sodium sulphate, &c., and are not to be , 
recommended. ■ 

‘ Madder-pink-lake ' is simply madder-lake i 
diluted with about 7 jiarts of ‘ blanc fixe ’ 
(precipitated barium sul{>hate). 

Madder-lake is entireli^ or for the most part, 
soluble iu caustic potash and sod%. If chalk or 
other diluent is present, this m^ remain 
undissolved. Boiled with dilute sulphuric or 
hydrochloric acid, the lake is dectimposed, 
allsfhrin bejpg liberated in the form of a flocculent 
or crystalline precipitate. In dilute ammonia 
pure well-made madder-lake is not soluble j 
(distinguishing test from cochincal-earmine). 

Referenc€i<. —(Jolonft), Bull. Miilh. .307 ; | 
Diugl. poly. J. 73. 47 ; Bersoz, Tmitc M l lm- 
pression des Tissus, V 9^7; Mcriin^, ibid. 1, | 
505; Robiqu#t and (^oiin, tfcid. 1, 505 ; Khittel, i 
Polyt,#5entr. 1850, 8l.«^ 

Allzar|p-red lake is the modern representa¬ 
tive of the old madder-lake. It is raftde either 
with alizarin (20 p.o.) only, or with mixtures of 
alizarin and purpurin. Generally the alizarir^ 
red lake contains, in addition to alizarin and 
aluminium hydroxWe, calcium •alts, sulphated 
oil (Turkey-red oil), and^odiuro phosphate; the 
exact function of these lat^r in the formation 
of the lake is not properly understood, but they ■ 


exercise great influence on the brightness of 
the final product as well as in rendering it kss 
sensitive to th^ action of dilute acids and alkalis. 

The 3'nrkey-red oil may be assumed to 
influen<!e the brilliancy of the shade as in the 
production of 3’urkey red by the dyer; the part 
played by the sqdium phosphate is more obscure, 
but it is always }>rcscnt in the finished lake, and 
without it there is a loss in brightness. 

The absence of calcium sftlte is also dotri- 
mcntal; in moat cases no satisfactory lake can 
then be obtained. 

The general procedure^ is to dissolve the 
alizafin in a cold solution of soda, adding iu 
successifin the sodium phosphate a«dTurkey-rcd • 
oil with fhorough slirriiig Ifc ensure complete 
atlmixturc. The solution of aluminium sulphate 
18 then run iu at such a rate that the evolution 
of carbon^ioxide never becomes very vig*-ous. 
When no more gas is i^iven off the requisite 
aitioujjt of lime-watcriis included and the whole 
mass stirred for j^iany hours; heat is applied 
very gradually, so that the boiling-point is 
reached in 4 or 5 hours, alw^ays stirring. After 
boiling for several hours the lake is allowed to 
cool, well washed by decantation, filtered, and 
flried at the temperature of the air. 

A method given by Meister, Lucius, and 
Briining for their brands of alizarin RR and IB 
extra, is as follows : — 

2 kilos, aluminium sulphate 18 ]).c. arc dis¬ 
solved in 13 litres of water and precipitated hot 
By the addition of a solution of sodium carbonate 
(I kilo, calcined soda in 7 litres o^water), stirring 
continuouHly. The precipitoted alumina is 
boiled for half an hour to remove tiie last tracer 
of carbon (|ioxide, and aftc^ standing over¬ 
night, the Supernatant liquor js decanted efff. 

To this cold substratum the solution of\ 
«odium phosphate (0*18 kilo, in #‘8 litres water) 
is next added, and substiquently calcium chloride 
(1-268 kih.e. liquor, 24^B6., diluted with 2 jjtres 
of water) in the same manner, stirring well during 
tfte additions, and taking care that the former 
has been thoroughly incorporated before pro¬ 
ceeding with the latter. 

2 kilos, of the colouring matter mixed with 
2 litres of water and 0 8 kilo, of Turkey-red oil 
(50 p.c.) diluted with 0*8 litre of water are 
further run in with the same precautions and 
the who]^ heated giaclually to boiling witfiin* 

I hour and boiled for hours, stirring through¬ 
out the whole time as l^fore. • 

Modem improvements in the methods of 
manufacturing alizarin-red lakes have furnished 
rcsul^ showing a much higher degree of intensity 
and orightness than was formerly possible. 
After-treatment of the la^e by boiling (steaming) 
under pressure is said yield Brilliant shades and 
of great intoiwity. # 

Slight additions of tin salts §co also added 
on octasion^o brighten the shade. 

In making alizarin-red lake it is very 
essential that Ijie aluminium sulphate employed 
bo free from iron if brilliant lakes are desired. 
Further^the solutions should be as dilute as 
possible*as this ensures fineness of structure 
and softness in thp finished article. • 

Maroon and •olaret-rod lakes* are produced 
from •alizarin with chromium salCs, and purple 
lakes* may bo obtained by the aid of iron salts. 

• fin connection with the production of 
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alizarin-red lake, the following observations of 
Li^hti and Suida (Mittheil. Gowerb. Museum, 
Wien, May, 1886) are of interest.. 

Pure aluminium hydroxide is incapable of 
directly forming a lake with alizarin---r. 7 . when 
boiled with an aqueous solution of the latter. 
The addition, however, of calcimn salts at once 
effects the formation of a lake. ^ 

Aluminihm-alizatin lake's of dciinitc com¬ 
position are prepared by mixing solutions 
of aluminium salts with an alkaline solution of 
alizarin. Lakes are also jmsluoed if a solution 
of aluminium aceta^o mixed with alizarin is 
keated; or if aliimmium hydroxide is heated 
‘ with alizarin and ammonia, and the mixture is 
carefully nouiraii.M^d with acetic acid; or if a 
mixture of aluminium hydroxide, alizarin, and 
concentrated sodium acetat-o solution is heated. 

M>rmal aluminium alizarate Al 2 (f'i 4 Ha 04 ) 3 , 
produced by the double decomposition of 
solutions of aluminium sui^ilinte and auimi^naiJaJ 
alizarin (I mol. ALGg to 1 / mols. alizarin), 
forms a ])urphsh-rcd jirecijiitate, wlueli changes 
to jmrjilisli-black on drying. It is soluble 111 
distilled water and alcohol with a red colour, 
and in alkalis, especially aimnoma. with a line 
]>urplish-ied tint. Basic alumimum alizarates of 
definite comjiosition arc prepared by proportion¬ 
ately decreasing the amount of "alizarin em¬ 
ployed in the above-iiicntioned decomposition. 

Al 4 (Ci 4 Hg() 4 ) 3 (OH )6 ks a bright-red precipi¬ 
tate changing to brownish-red on drying. It is 
soluble in ammonia with a bright-red colouf. 
AL(Ci 4 H 804 )((ffl )4 is also a bright-red juecipi- 
tatc, wliich gives a red powder on drying. ' 
In ammonia •it is mncli less t soluble tluin the 
foregoing. AI,(C!j 4 lJe 04 ){()J-l)o is,a bright-red 
precipitate, whickh still remains \i liery-red 
/jpowdw on drying and is very sjiaringly soluble 
in ammonia. ![\ll the above basic aluminium 
alizarates are insoluble ifi water and in alcohol. 

Alkaline solutftins of normal aliimiiiiuin 
alizarate and of the basic com])oun(l 

Al4{Ci4He04)3(0H), 

may be nii.xcd with solutions of sodium jihos- 
phate, sulphatcd oil, soap, &o., without under¬ 
going decomposition, but, on neutralising these 
mixed solutions with aijids, very briliiaut red , 
Jaimes are precipitated. Nornml aluminium i 
phosphate Al 2 {P 04)2 obtakied by precipitation i 
and well washed, cannot be dyed with alizarin, i 
The foriA'ation of a lake only occurs when a 1 
calcium salt, e.g. calcium acetati^ is also added. 
Aluminium-cajcium-aiizarin lakes of varied ■ 
composition may bejprepafcd by boiling toother ' 
deffmte proportions of pure aluminium hy¬ 
droxide, calcium acetatf solution, and alizarin. 
They form cither^dark of bright brownish-red 
precipitates. All are insoluble in* water, and 
some are insoluble in ammonia. I’he amount of ' 
calcium entering into'the cbmpoa*tion 01 the ; 
lakes produced in this manner deiiends upon the 
amount of alizarin eAployed and 4 'i 7 Cc vered. 

The probable formula of normal alizarin-red 
lake is given as Al 2 (^ 0 i 4 H^O 4 ) 3 (OH)|, by the 
above-mentioned authors. * 

Cochtaeal-cannine. In the preparation of 
this brilliant ^^earlet-lake, coohiueal is extracted 
tin-lined vessels with a large quantity 
iug water. Certain additions are made to the 
filtered decoction, and it is then allowed to stan^ 


I for several weeks, or even months, in sbal^w* 
vessels of tin or porcelain, during wliieti period 
I the carmine gradually separates in the<form of a 
, fine red powder. The additions referred to 
I’vary with different makers, and include th^fol- 
j lowing :• potassium binoxalate, acid potassium 
i tartrate fcrcam of tartar),^ alum with of with- 
I out cream of tartar, hydrochloric acid, &c. In 
j all cases the presence of iron ,n‘ust be strictly 
avoided. The necessary ingredients may also , 
bo added to the water with^which tlio cochWal, 

; is boiled, jin which case *^110 decoction ^ust 
^ be filtered hot, since it rapidly becomes turbid on . 

! cooling. The addition of .gypsum, calciijm car¬ 
bonate, zinc oxide, See., so usual in bthej; cases, 
must be avoided, since tly'se would jirodi^e 
violot-coloured lakes. 

The manufacture 01 cochiiical-carmino is 
, now very restricted, and the metliods employefl 
for producing the finest ])roduut /lavo always 
been kept secret. 

ALCcordmg to Alyon and Langlois 600 grams 
cochineal are boiled for ijl hours in 80 litres 
water containing 26 grams sodium carbonate. 
The decanted Sfdutioil is well stirred up with 
25-85 grams pow'dered alum, and then allowed 
! to settle about 20 niinute.s; the clear liquid is 
poured off, a dilute solution of ismqiass or 
: albumen is added, and the wliolc is heated until 
the carmine collects together in tlio form of a 
j eoagulum. After cooling and allowing to 
I setllc, the .siqieniatant liquid is decanted off, 

I the carmine is collected on a filter, washed, 
and dric(J at a low temperature. 'J'he deeply 
coloured filtrate serves for the production of 
carmine-lakc. * 

j Even hlum alone could apparently be used 
as the precipitating agent, ac cording to an old 
I reci])e, but it seems ‘likely th^t m this case 
! water possessing an alkaline reaction npist of 
! necessity have been employed. kMoii 1 (5 parts 
ground cochineal fo» 10 minutes vjith about 600 
parts of witter, then a'dd 1 paid ground alum, 
boil a few ininuteH longer, filter the'hot solutiqp 
and allow the filtrate to stand in shallow^ 
porcelain basins. In the course of a few days 
the carmine is said to separate in the form 
of a red slimy precipitate*, which is eolloctod 
and dried. The decqnted liquor on standing 
yields a further quantity of carmine of a lower 
quality; its jpiecipitation is favlitated by the 
addition j)f a small quantity of stannous 
chloride. 

The residual cochineal which has thus been 
only partially exhausted serves for the prepira- 
tion of carmine-lake. 

In other similar recipes a mixture of alum 
and cream of tartar is used instead of alum 
only, but in that of MaHamo C;!enette, at one 
time axclobmted maker of ermine, the state¬ 
ment tliat the cffecti^ precipitating agente are 
potassium nitrate and pofa^slumabinoxalate is 
difficult to understand. ' *- 

Chinese carmine is said to be pritpared by 
extracting cochineal witli a boiling smution of 
alum, heating the liltwed decoction with the 
fUditiun of a solution of tin in nitric and hydro¬ 
chloric acid {ctgva regm), and finally leaving the 
liquid to stand till the oarinftie separates. 

Cochineal-carmipe is insoluble in water but 
soluble in alcohol. In ammonia solution it 
dissolves readily with a purplish-crimson colour; 
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this solution tartaric acid procipitatls the 
odginal carmine, for although when dried the 
precipita^ has a brownisJi-red colour it becomes 
bright red when powdered. The following analy¬ 
sis ^ coohineal-carminS is given by C. Lieber-* 
manni(Ber. 18, 1909): , 

HAisture . *. 

Nitrogenous matter 
Ash 


(Jolouring matter . 
•SVax . . . 


17p.o. 
20 „ 

7 „ 
50 „ 
traces 


I’he ash consists of SnOj 0*67 p c., AI..O3 
43 09.^aO 44*85, MgO 1*02, NaaO 3-23, KgO 
3'50, r205»3'20. From these analyses Lieber- 
mann ^considers cochineal-canuino to be a 
peculiar aluminiurfWcalcium-protein compound 
of the carmine colouring matter, somewhat 
analogous t<* the I’lirkey-red lake, in which 
alizarin is combined with aluminium and 
calcium. According to the exporimoiAs of the 
late J. Bedford pf Leeds, cochineal-caimine 
can only be prepared if a calcareous water 
is employed, or if calcium salts arc added i 
during the reaction. |!oeWneal-carmine can, I 
indeed, bo readily produced by adding to a ' 
cobl extract of tb(' dyo prepared with a hard 
water puta.ssium carbonate, alum, and subse¬ 
quently cream of tartar (or potassium binox- 
alate) in definite proportion. Tho carmine 
precipitate separates very gradually during 
some days, and has an extremely brilliant 
character. If a small quantity of stannic 
chloride is also added to tho mixture flic j>ro- 
cipitution is hastened and the product*pos8CS8es 
a more scarlet tint (private commuflication). 

Carmine-lake is simply an ordinary alumi¬ 
nium or tin lake of the colouring matter of 
cothincal, produced by a<jdmg sodium carbonate 
to a cochineal decoction containing alum or 
stamibus chlqpide, or both. Tho latter may also 
be added to an alkaline solijtioii of the colouring 
matter. • • • • 

Florentiae-lake is merely %. special quality 
m carmino-lako, containing usually an excess 
of aluirrina, and sold in the form of ‘ drops ’; 
and the so-callcd Vcnotian-lake, Hamburg-, ' 
Chinese-, Roman-, and scarlet-lakes, are all: 
vjirieties of Florentine-lake. 

Brazil Indlan-lake o» lac-lake is a dark | 
purplish-rod laj^o analogous to camine-lake, and 
prepared in a similar manner from the Indian 
product ‘ lac.’’ ‘ • 

BrazUwood*lake can bo prepared by extract¬ 
ing Brazilwood or peachwood with boiling 
water, amling ajum and tin solution to the 
filtered decoction, and finally precipitating with 
sodium carbonate, avoiding excess. Another 
method is to add precipitated and washed 
alum^um hydroxide to a filtered decallion of 
Brazilwood. Frefthly prepared decootipns are 
never suital^e for the manufactui'o of these 
lakes ]gi they should ealways be oxidised, by 
exposwe^to air or otherwise, in order to change 
the principle brazilin into the necessary colouring 
matter brazileSn. . 

Vlenna-l&ko is a species of Brazilwood-lakv, 
prepared in the following manner: A mixture 
of p;round starch (3® kilos.), chal^ (10 kilos.), and 
a little gypsum, is stirrqri up with a decoction of 
Brazilwood; then wound* alum (1 kilo.) is 
added and the whde is well stirred for 12 
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hours and finally allowed to settle. After de¬ 
canting the clear liquor, Brazilwood decoetjon , 
is again added to the residual precipitate, 
together with ft further quantity of alum (1 kilo.), 
and the stirring is continued as before. This 
process is repeated until the precipitate has 
taken up sufficient colouring matter and acquired 
the character ^ a lake. 'Tho decanted liquors 
are agitated with fresh starch, cli#lk, &c., in 
order to yield further quantities of lake. 

In the foregoing process the%Ium is decom¬ 
posed by the ohallc, and tho alumina precipitate 
thus produced combines w’ith the colouring 
matter. At first the lakes tppoar violet through 
the presence of excess of chalk,,but with til ^ 
continued addition of alum ^hey gradually ac¬ 
quire a crimson colour. 

Fine dark carmine-red lakes are obtained by 
adding stannous chloride and crcam-of-tai;^ to 
a concentrated old decoction of Brazilwood, 

• I^Uows. 

Persian-berry take is prejiared by extracting 
Persian-berries two or three times with boiling 
water, dissolving alum in tho combined and 
filtered liijuors, and then precipitating with 
sodium carbonate, taking care to avoid excess. * 
'Die ])rccipitate Is collected on a filter, washed, 
and sold in tho form of paste. This lake, 
containing much starch, and sold in the dry 
form, is said to be emidoyod in the colouring 
of sweetmeats. 

• Persian-berry carmine is produced if stannous 
chloride is employed instead of alum in the 
above process. It is a bright orange lake 
employed by calico-printers. , 

l*ersian-l>crry rakc.s may also be made after 
the manne»*of Vienna-lake, i.e. with the ute of 
chalk, alum, and starch. * ^ • 

It is essential to employ only freshly pre})are(r 
decoctions if bright-colgured lakes are desired. 

Tho following procedure is described by 
Zubelon (Bull. Soc. Ind. Mulhousc, 1919t 84, 
Ml): The berries are extracted to form an 
infusion of 2®-3°B6. (sp.gr. 1*013-1*020). Solu¬ 
tions of salts of tin and aluminium are then 
added, and tho liquor is neutralised with 300 
litres of caustic soda solution. The ingredients 
required are: 300 kilos. Persian berries, 90 
kilos, of tin salt, 16 kilos, of potash alum, and 
31 kilos, of caustic |oda. If the neutralisafloft 
be pcrfoflned at 60® immediately after the addi¬ 
tion of tho mordants, no rhamnetln is |»roduced, 
and the canary-yellow lake corresponds to 
xanthorhamuiii. By operating at 100® some 
rhamnetin is formed sind the lak^has an orange 
shadb. By working betwedh 60® and 100® and 
allowing the acid salts to react for a quarter of 
an hour before nc^trftlising, shades ranging 
from canar;j^-yellow ^ 60° to deep orange at 
100® may be obtaineo; according to the propor¬ 
tion •! rhamnetia^irodueed (J. Boo. Chem. Ind. 
1919, 712,1). 

Quercitron-^ellow^ake, Flavin-lake, or Dutch-, 
pink is made according to the method adopted 
in the case of Venctian-lake, by precipitating a \ 
decooti<li of quercitron-bark containing alum 
with chalk. Th^metliods employed in makig 
yellow lakes frqpi Persian-berries may also be 
used* To ensure bright ooloui8*the decoction 
of quercitron bark is clarified by adding a fittle* 
ge^tin solution, thereby removing the tannic 
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acid. Sometimes milk of lime is tised instead, 
taj^ng care to avoid excess. 

It ia said that these quercitron colours retain 
their intensity by gaslight better than all 
other vegetable yellows, and are hence useful 
for theatre decorations, Ac. 

The yellow natural colqpring matters, 
especially flavine and Persian iberries, are still 
in some damand for the jiroduction of green 
lakes by combination with basic green artificial 
colouring niaittrs. 

The yellow-lake is first prepared and a solu¬ 
tion of the coal-tar colour precijiitated upon it 

tannin and tartlir emetic. A jiartial* pre¬ 
cipitation of the basic colour in effected by the 
tannic acid in the vegetable colour, but must be 
completed by a further addition. 'I’hese lakes 
are used for wall papers and for colouring toys. 

S^U de grain is a low quality of Dufch-jiink. 

English- ^nd Italian-pinks are other qualities 
of quercitron-bark yellowjakes. ^ ^ 

,The above lakes are sold iqtlie dry conditnui 
in the form of pyramidal-shaped ‘ flro])s.’ 'Phoy 
never possess the brilliain^y of those obtained 
from Persian-lierries. 

Lakes from vegetable colouring juatiers hiuc 
no longer their former importance, and there 
can be little doubt that most of them will 
eventually become obsolete. 

Lakes derived from Artificial Colouring 

MATTERS. , 

The great ^increase in the numlx^r and 
variety of coal-tar colouring matters has given 
rise to a coiycs[»onding increnae in the colour 
lakes made from them. Moreover, many of the 
lakefi so formed are at least as 'itsi as any 
^Ktaii^able from * natural colouring matters. 
^Jn consequence the latter have lost much of 
their former importance- 

In the prejiaraUon of these lakes the ‘ base ’ 
or ‘barrier’ ujion which the colouring matter 
is precipitated in a more or less insoluble forti 
is a most important element, since it determines 
in great measure their brilliancy, covering jiowcr, 
and general qualities. 

On the other hand, upon the character of the 
colouring principle depend other properties of 
the lake, e.g, fastness to light, to spirit, to allialis 
and acids. ^ 

‘ Carriers ’ for lakes are usually viry finely 
divided, insoluble, white (more rarely coloured) 
materials, such as starch, kaolin (China clay), 
gypsum, heavy spar (barytes), artificial barytes 
(blano-fixe), ^ithopone, «-precipitated chalk, 
kieselguhr, zinc white, red lead, &c. 1’hpf are 
intimately mixed with the colour solution’, and 
attract the colouiuig ifiatfer either directly or 
when suitable precipitatijj^^ agents^ro added to 
the mixture. More often, however, they are 
formed and precipitated along,with ti|io colcairihg 
matter, and may then consist of aluminium 
hydroxide, phosphate, or jtrsenate, or the first 
named along with barium sulphate. 

The precipitating agent to be employed in 
any particular case varies according to tlfe nature 
o^the colouring matter—whe^er acid or basic, 
for example—and the purposq for which the 
lake is intefided. For lakes employe^f in 
decorative painting finely ground barytas is 
considered to be the most serviceable ‘ carrii^r^’ 


(jyp^im and kaolin are also used. The cjief 
base for lakes employed in printing wall-paxiers 
is blanc-fixc, since it excels all others*in giving 
body and covering power ; usually some quantity 
►of alumina, starch, or’China claj' is adiMxed 
with itfto render the resulting lake lighlfcr and 
easier to work. Higher-clkss pajiers cohtain a 
proportionately greater amount of alumina. 
For p.ipor-stainiAg, lithograpl^c, and printing 
i inks the lakes inp^t iiosscss fineness and covering ^ 
: jiower to a very high decree, and for theso^ 
aluminium hydroxide, jireCipitated apart {rom 
the colouring matter, is highly esteemed. It ^ 
is particularly valuable iq,f»rodiicing lal^s of a 
trans]>arcnt nature for iiso in the threg-colour 
pr<ioess ; some fl)lanc-fixo is often precipilal^l 
together with the alumina.‘‘Starch, China clay, 

I zinc white, and lithopi.ne are also employed 
; where transparency in the pigment is not fff 
I jinniary iinjiortance ^ 

i Chink clay is most largely used will) the 
I basic^ coal tar colours, since for thm; its alliac- 
i tivc ])ower IS very marked. Barium sulphate 
I ami aluminium hydroxide precipitated during the 
i proccs.^ of forming tlie lake, arc chiefly used w'ith 
; the azo colours and the acid colouring niatfcrs 
1 generally. Lead sulfihatc and red lead are 
important bases for the eosin lakes. 

The proportions of the various materials 
employed in making the lakes vary coiiHidcrably 
according to the desired intensity of the final 
product. 

All hikes should 1 k‘ washed with water, 
preferai)^ by decantation, till neutral and free 
from soluhl^ salts. 'J'hcy arc sold as pastes or 
powdcT.s, the latter being sonietimes in the form 
of light fVirous blocks or ‘ drops ’ of suitable 
size. 

In all cases the ‘extr%’ brands %>f 
all colouring matters should be purchased. 
They contain the dyestuff in ocniorc highly 
concentrated form,c fur ordinur;!^. brands are 
standardiselS for^tlic hso of the dyer by the 
addition of starch, eomnion salt,® or sodiuig ^ 

: sulphate, and those are useless, or oven hariiD 
ful, from the xxunt of view of the lake manu¬ 
facturer. 

A. From Basic Colouriiig Matters. 

The chief methods of precipitating basic 
colouring mat^«rs are— ^ 

(«) With tannic acid; (6) with soap or 
sulphonatdd oil; (c) with sodium phosphate or 
arsenate; (d) with resin soap; (e) with casein 
or albumen. ^ « 

(a) I’annic acid is the moskgonerally used of 
all precipitating agents for basic colouring 
matters, combining with them to form tannates 
insoluble in water. It is 4»ut rarely used alone, 
since thfc res^jlting lakes are dull and extremely 
fugitive; an addition o{ ha'll the equivalent 
quantity of tartar emetic‘causes ^he compete 
fixation of the lake, and tm^roves its pro^-ierties 
as regards brightness, fastness to light, gpirit, &c. 
Sodium atetate, or occasionally sodium carbon¬ 
ate, is employed to r^uce the acidity of the 
solution. 

The ‘ carrier ' is well mixed with water, the 
solution of th% colour added together with 
sufficient sodium acetate to combine with the 
mineral acid liberated by the colour base. The 
solution of tannic acid is next poured in whilst 
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stirring well, and the precii)itation competed 
with tartar emetic. 

This method is most suitable for green and 
red colours, such as n^lachite green, brilliant 
greori^ magenta, rhodamine, and safraninc. ^ 

(6)'A method esnocially suitable for violet 
and bAe basic colours is based on the precipita¬ 
tion of their colour bases as salts of oleic, 
palmitic, and jtearic acifis.* A pure soap, 
containing no free alkali, or •a sulphonated 
^>live* oil {e.g, Tuijkey-red oil) is employed. 
Alugiiniuni sulphate, tannic acid, zinc or tin 
salts are also added on occasion. 

(c) |tor basic colony of the methyl violet class 
a further irftthod consists in the precipitation of 
akminmm phosph^, together*with the added 
colour by means of aluminium sulphate and 
sodium phosphate to 4hich sufficient sodium 
(^rbonatc has been acTOed to produce a perfectly 
neutral solution. ^ 


Al 2 ( 8 (> 4 ) 3 -|- 2 Na..IlP 04 +Na 2 C 0 , • 


Similarly sodium arsenate, freshly j>repare{l 
from uliit<! arsenic ancl*Hodiam c.'irbonate, is j 
used in place of sodium phosjdiatc—no additifm j 
of soda IS then necessary, but care must be ; 
taken that the solution is neither strongly acid , 
nor alkaline. As a rule, the jirccipitation is 
made in a very slightly acid solution obtained , 
by using a slight excess of aluminium sulyihatc | 
with addition of sodium acetate. 

(d) All basic colouring matters fori^ lakes ■ 
of great brilliancy with resin soap, t.c. absolution 
of colophony in caustic or carboi^ted alkali. 
They are proc>|)itated on the carrier along with 
a metallic, salt of the resinate, usualfy zinc or 
aluminium. 

*Auramine, ipageiita, i4iodaminc, and patent 
blue ^irnish tlie mo.st satisfactory lakes, and 
are much ufi^?d for wall papers. I’lipy are 
of no value f^r oil or lithofraphic work, being 
very fugitive anfi roadil^fsoluhi^j in Alcohol and 
^nzene. • 

It has been found povssible to u.se the benzene 
solution»of those ‘ resinate ’ colours for dyeing i 
silk without injuring its finish, lustre, and j 
general appearance. They are also used for ! 
preparing coloured varnishes employed in 
ornamenting metallic sunaces, wood, leather, 
glass. &c. • *• 

(c) According to Wolior albumep can be 
employed as a jirecipitating agent for basic 
colouring matters with production of lakes of 
excellent IjrilUancy, notably fast to water and 
light. A cold aqueous soluti(m of the dyestuff is 
mixed with the albumen (also in aqueous solu- 
tion), stirred into the carrier, and the whole 
precipitated by raising the teni]>erature lo 90° 
with or without the final addition, of C little 
acetic acid. * • • 

Casein mji|r also, be applied in a somewhat 
similai^anner. • 

It is stated that this method is also applicable 
to the acid colouring matters, and is bf special 
importance for producing non-poisonous eosin 
and rhodamine lakes. ♦ 

Blue and violet lakes of great brilliancy may 
be obtained by mfccing certaiif blue and red 
colour solutions with preci^tated and washed 
Pnusian-blue, which thus becomes dyed. 

Potassium dichromate along with starch, &c., 


has been used as a precipitant with satranine, 
with which it produces a brownish-red like 
changing to caimine-red on drying, 

Basie colouring matters are especially 
remarkable for their ready absorption by inert 
materials, such as kaolin, starch, diatomaceous 
earth, green eaith, &c., without the aid of any 
precipitating agdlit. A solution of the. dyestuff 
18 well mixed with the finely divideft and well- 
washed base, and allowed to i^and for some 
time with occasional stirring. A certain amount 
of colouring matter is attracted from the solu¬ 
tion and the carrier becomes, as it were, dyed. 
Other carriers, r.g. gypsum, blanc-fixc, zin% 
oxide, &c., may be used, but tlKir attractive 
power for the colouring malter is very small, 
and they serve chiefly as diluents. The lakes 
from the silicious earths are the more firmly 
fixed, aitW withstand the action eve# of 
strong alkalis. For this reason they find ajipli- 
catioHi in the maimfacturc of cheap lime 
washes. • 

Coloured powders, prepared aTcorrling to 
these latter methods, can scarcely be regarded 
as true lakes, as they mostly give up their 
colouring matter on repeated wasliing. 

B, From And Colouring Afatter^. 

The great majority of the acid colouring 
, matters referred to here arc the suliihonic acid 
J derivatives of certain colour bases and azo 
cc>Iouring matters derived from benzene, naph- 
i ttialcnc, &c. With these barium chloride is 
I almost exclusively employed as the precipitating 
S agent; a further addition of aluminium sulphate 
; is also often mad#, especially if the colouring 
I matter exhibits mordant dyeing prope^ies 
! according \o the Law of Liobermann and 
j v. Kpstanccki. • • 

I More rarely, lead salts replace barium 

^ chloride. • 

i Some of tho phenolic •colouring matters 

j which possess special features may be included 
uftder this head, notably the eosins. Lead 
acetate or nitrate is especially suitable as a 
precipitating agent for colours of this class. 

Other suitable materials arc alum, aluminium 
acetate, calcium, magnesium, zinc, or stannic 
salts; as a rule, they are used in Conjunction 
with caustic or carbonated alkali. , , 

As in^hc case of*the ba.sic colour lakes, so 
; here, the ‘ base ’ or ‘ carrier ’ upon which the 
: lakes are preeijutatod is of great imfkirtance, 

! and tho reader is referred to what has been 
j said already uiion thi^)oint. ^ 

!. , standard method fqy the formation of 
I lakes from acid colouring matters containing 
I the sulphonic acid groupiis that with aluminium 
I sulphate and barium tjhloridcf Tho aluminium 
; sulphate is precipitated as hydroxide in the 
j first instance by soda, the colouring matter 
stirred in anri then* precipitated by the addition 
of barium chloride. Jn this way part of the 
‘ carrier ’ is a^so pRiductfl, in the form of 
artificial barytes, at the moment of precipitation 
through ^he interaction of the barium chloride 
and the* sodium sulphate resulting from the 
decomposition ofetho aluminium sulphate, aritt 
not only is the precipitation rendered more 
oompjtete thereby, but also a very intimate 
admixture of the ‘ carrier ’ and precipitated 
Q»l9ur is secured. 
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A proportion of inert ‘carrier,' c.g. heavy 
8|car, kaolin, lithopono, may also bo added to the 
solution of aluminium sulphate l^cfore precipita¬ 
tion when lakes of greater opacity or less 
tinctorial power are desired ; an extra addition 
of Glauber’s salt before the final precipitation, 
will bring about the same resitlt by increasing 
the amount of artificial birytes produced. 
Replacing «the aluminium sulphate by alum 
yields lakes of a higher quality and valuable for 
printing purpWa. They arc, of course, more 
costly to manufacture. 

A typical example of this method, published 
iy the Karbwerke vormals Mcister Luciifti and 
Pruning, llo^chst am Main, is the following 

30 parts alumimum sulphate 1/100 sohition 
12 „ calcined soda . 1/100 

11 „ colouring matter . 1/50 ^ 

4* „ barium chloride . l/lOO 

< 

Precipitate at 'Plus mctjRHp is 

stated to be suitable for thc^ various brands of 
azo scarlets. 

Reds. These arc chiefly derived from the 
azo colouring matters. A great variety arc 
now on the market, furnishing shailcs from j 
a very bright scarlet to a dark bluish-red. ! 
Such are Ponceau 2(1. G, GK, R, 2R, 3R, 

Fast red, Bordeaux red, (Tocein scarlet, Arc. 

Red lakes, in nearly all cases, are shaded by I 
admixture with other colours, especially the ■ 
various brands of oranges {.s^e below under 
Vombvicd Ldhen). In sueh cases it is of cufi- 
siderable imp^onec whetlier the colours arc 
dissolved separately or together, the latkT 
method often producing brig^iter lakes than the 
former. j 

tlenerally spi^uking, complete f^reeijiitation 
oUained by the u.sc oi banuni cliloride upon 
a ‘ base ’ of altfmina with or without tlie atlmix- 
turc of an inert diluent;, blanc-fi.\e being pro¬ 
duced simultaneoftsly with the proeipitatioii; 
certain colours are more difficult to throw down 
completely, but this may bo obvial/cd by siataBle 
variations of ipiantities, temjierature, dilution. 
Ate. The addition of a little Turkey-red oil 
-frequently has a favourable inlluenco. 

Another method in the case of some 
red azo coloimtig matters consists in treating 
a solution of aluminium .sul])hatc with milk of 
*]imc, forming a * base ’ of*alumina ap^l calcium 
sulphate. The colour is thrown down iijion 
this by fhe addition of barium chloride, and at 
the same time the calcium suljiliato is replaced 
more or less completely by bianc-fixe. 'The 
rosultmg lakes arj said •to be very sof^ and 

The milk of lime ma^’^ be replaced by levigated 
chalk with advanfhgo. • 

Eosins. These colsuring matters give; 
scarlet and crimson lakes of great brilliancy, 
some of which (the so-called ‘ veoiriiliondttos ’) 
are employed as substitutes for vermilion. 
They are mostly vofy fugitive. *For yellowish- 
reds a yellow shade of eosin is employed ; for 
r^, gradually increasing in blueness,.erythro- 
^e, phloxine, cyanosine, and rose bengal may 
used. The usual prooipitamts are le^ salts, 

1 part pure ^osin being precipitated by 1 part 
lead acetate, or 0*76 lead nitrate. Aluminium, 
tin, and zinc salts are also used. * 

The nature of the precipitating 


infiiibnces the shade of the resulting lake; thus 
lead acetate gives more yellowish products wan 
lead nitrate from the same colouring matter. 
Lead salts give blue, tin and.aluminium salts 
yellow shades. * •« 

Foii ‘ vermilionettes ’ red lead is a Suitable 
base, with or without the addition small 
quantities of lead sulphate or barytes. Better 
class varieties ai(e made with ohromato-of-lead- 
orange and aliiiiiina, in order to lesson their ^ 
high specific gravity. Du^ allowance imfbt bo 
made for the variation in^shado caused bv tliC 
presence of a eoloured ‘ carrier.’ Their prwluc-^ 
tiou is very simple; tb(j solution of (flouring 
matter is mixed with the base, cifftipl^e pre¬ 
cipitation bein^ obtained on the addittlin a 
lead salt. •* 

Printing and blhograpliie colours (known as 
!7r,m7m<Jrt-iakoH) are largely prodiUccd from ike 
cosin coloiu’ing matters. ‘I’hey may be trans- 
paroiit *or opaque, according to tlic special 
use*for which they arc intended; they all 
])o.s8eKs gi’cjit covering power. Alumina and 
blane-fixe—either alone or in conjunction—and 
lead siiljihab' are (dne^Ajy used as the ‘ carriers ’; 
or, occasionally, starcJi, kaolin, or rod lead. 
The colour is inccipitnled u[)oii tlieiu by a lead 
salt. Aliiniiniiiin (as alum, &o.) does not pro¬ 
duce .80 coui])lo(e a ]ireoipitation. 

if desired the lake may be sliaded u]) by the 
addition of rliodamino B, wdiich unites with, and 
is jirecipitiiled along with the eo.sin. 

Combined Jake 2 >igmcnts are also made with 
the various branils of azo scarlets and orange JI. 

OrangeSj 'I'be. methods ajijilicable to the red 
colouring matters arc also suitable for making 
orange lakes. 

Orange 11. fui'nisbes a bright lake of good 
j fastness to light, und^s in consklerable dcniHnd 
I on account of its I’lieajnicss. Other brands are 
orango^U, O, and fast orange 0. I^or bettJr-class 
I lakes n.sed in printing and Htbogjaiiliy brilliant 
orange (» afid li nre entployed.« 

As stated above, orange colmfring matters 
find frequent aiiplication in shading the scarlBf 
az() oolours. « 

Yellows. The number of yellow lakes is 
comparatively small owing to the superior 
properties of tlio various chrome yellows (pee 
Pigments). 'Tliey lire employed, however, to 
shade green Ij-kcs in a manner spnilar to that of 
the oranges for azo scarlets. 

'The most important colours used are 
naphthol yellow S, quinoline yellow S, Victoria 
yellow, Arc. ^ ♦ 

Greens. The colouring matters mostly em- 
jiloyed for these lakes are sulphonic acids of the 
tniihenylmcthano series, c.g. the various ac^d 
grcen.^lmt are among the most difficult of all 
the acTB colouring matters to precipitate. 
Naphthol green belongs t6 a different class. 
'They arc only partially pij^oipitated by 
barium chloride, employing Ihe usual alu»iinium 
sulphate and soda method, and special modifica¬ 
tions muftt be resorted to, such as after-precipi¬ 
tation with further quantities of aluminium 
•ulphato or barium chloride, or both at once, 
reversing the order of i>recipitatioii and so on. 

The lakes 4rom acid gfeens (the so-called 
viridine greens) possew a bluish-green shade. 
Lakes from naphthol green are paitioularly fast- 
to light. Better results and a greater range of 
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sh^cs arc obtained by admixture with napRthol i 110 gallons water. The whole is then raised to 
yellow or quinoline yellow. Combination boiling, and 44 Ibe. potassium alum add»l. 
apparently takes place with the basic amino After half an four’s boiling a final addition of 
groups of the acid green with the formation of 33 lbs, sodium bisulphite is made, tho boiling 
a lewssolublo combined iolour. ♦ again continued for half an hour, and the lake 

Bllfts. With the exception of the wd acid filtered, washed, and dried at tho ordinary 
colourilte matters th(?blues furnish the greatest | temperature. 


number of colours for lake-making. A large 
number of shade^ are obtainabR?, but, unlike the 
^ scarlets, a separate brand is ,U8cd for each 
arti&ular shade, and mixtures are rarely found 
cccjgaary. Alkali braes (opal blue, water blue, 
*&c.), patent blue, anil crioglaueino are chiefly in 
doman^ They are rea^Jily ])reci})itated by barium 
chloride up%n a mixed alumina and blanc-fixe 
or^othef suitable base. 'I'he pfttent blues and 
crioglaucines arc e^ieptious; for tlie former 
tho addition of a little •barium hydroxide has 
bfteri found dlfectivc, •for the latter some zinc 
sulphate is ^dded, and this is ])reci})itated 
by sodium carbonate as mixed hydroifide and 
carbonate. • • 

For printing ])urposc8 alkali blue can be 
jirecipitated by Turkoy-red oil or soap, and 
subsequent addition of a#bad or aluminium salt, 
with a suitable carrier. 1'ho latter, again, may 
be dispensed with, and iti such cases tho lakes 
often exhibit a luugniticcnt lustre. 

Violets. Very few violet lakes are manu¬ 
factured from acid violet dyostulTs, although they 
are very much faster than tlje corresponding 
lakes from basic colours. Fast acid violet is 
principally employed. They are all cxjjonsivc j 
to make, and only find ai>plication special 
purposes. 

A very blue violet is formyl violet S4U ; it 
furuisbos lakes suitable for tho inanutacturo of 
Xirinting inks, 

•All these cojfiura arc iirocijiitated by barium 
chlori<j^o ujion a suitable ' carrier.’ 

C. From?Mordant Coloring Mallcvfi. 

Besides th? \^ry irapdHaiit ^bzartn-red lakes 
already desAibod, a certain number of other 
IRjectivo colouring matters are used for lake 
making.# They arc mostly closely related to 
alizarin itself, c.g. alizarin orange, brown, 
bordeaux, yellow, green, black. Uuo; aeid 
alizarin blue, and galloflavin, ccerulein, .and 
gallein are also employee^ They furnish lakes 
very fast to lijjit, although the^ cannot com¬ 
pare in brilliancy of shade wirii other, but 
much more fugitive lakes from basi? and acid 
colours. 

l<ako ^jrmation is brought about in the 
> same manner as with alizarin red, the general 
principle involved being the precipitation of an 
alkaline solution of tho colour by aluminium 
hydroxide. •. 

Colours which do not dissolve i%aoda<fbquire 
a modification or tcvo^sal^of the usual method; 
they are stirred up with the solution of aluminium 
sulphate (or alum),*an4 combination is effected 
by addit^n of soda, sodium iihosphatc, and 
Turkey-red oil. • 

The Badische Anilin ujad Soda Fabrik i)ubli8b 
a special method for ccerulein ; • 

22 lbs. colouring matter in 27J gallons of 
water with 44 lbs.* sodium bisflphito (40®B6.) 
are well mixed and allowed to stand for 12 hours; 
then heated to 70®C. with a*further 27 J gallons 
of watm-, filtered, and the filtrate diluted with 


1). From Imoluhle Colourhuj MaUer<i. 

A series of azo colours insoiublo in water 
are now made by the principal colour-works 
and sold in paste form for working up into 
lakes# according to sfieciallf adapted methods. 
The range of shades varies from yellow tef* 
blnish-rcd. * 

'I’hey arc mixed with suital^le ‘ carriers ’ such 
as linavy spar, lithoponc, orange lead, magnesium 
oxide, an^ chalk. Frequently the mixture is 
8im])ly ground togothor in the cold; another 
method is to heat to boiling and fcdd barium 
chiori(te. Salts of ma^icaium, cai)por sulphate, 
and ferrous 8uI{)Ifete with Turkey-red oil are 
also used, 'i’he dry lakes are subjected to 
prolonged grinding with zinc, white, orange 
lead, cVe., this process greatly increasing their 
intensity. Tlioy arc employed for lithographic 
and jjrinting inks, as well as for oil and varnish 
colours aiul jiossess good brilliancy; many of 
them arc cxceptiouaily fast to light as well as 
to alkalis and sinrit. 

^ E. From Developed Azo Colours. 

I'he application of the ‘ iqp colours ’ to 
carriers for tho production of lake xiigmcnls was 
a natural outconio^‘f)f their successful use upon 
textile fibres. 

At tho fitesent fame the motliod is in fery 
general use as the lakes made after this m^uuw’y 
are distinguished by their fastn«s to light and 
other valuable propertieg. l^ractically all shades 
are obtainable except a greow 

The pigments arc all produced by the diwo- 
tilation of an amine followed by coupling 
j with a jihenol or anotlicr amine in a solution 
i which contains the ‘ base ’ or ‘ carrier ’ in 
j suspension. 

I The chief amines used in diazotising are; 

' m- and p-nitranilinc, the nitro-toluidines, 

. anisidine, nitrophenetidinc, benzidine, tolidine, 
a- and jS-aaphthylamines. Bluer shades, but Ifis^ 
fast to uglit, are obtained from aminoazo- 
j benzene and -toluene. • 

The diazo compounds are coupled with 
i various phenolsand amines,especiallyjfi-napbthol 
which produces very 4»right lake^fast to water 
! (the fnaoluhk azo-colours). tlther phenols used 
are phenol itself, rosoreij^ou a-naphthol, and its 
disulphonic acid, aad ^-niphtholdisulx^honio 
acid. • ^ 

The principal amines are dipl^nylamiuo and 
m-phnnylon^amine. 

Certain precautions arc necessary to produce 
; lakes of maxiu^um bi^ghtnMss, c.g. core must be 
i taken to regulate tin; proportions of aoid and 
alkali so that a neutral liquor is present when 
J the forAation of tho lake is complete. Ip 
practice a little sodium acetate is added, acetic 
acid having a less harmful action than free 
hydr<«chlorio acid. An alkaline fiquor renders 
j the like dull and dirty in shade. 

I # IThe following recipes (published by Chem. 
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Fabrik (irirshcim-Elektron) will best illustrate 
tke manufacture of these lakes: 

A base (A) is j)re))ared from ;^.<>lutions of 
1330 grams aluminium suljjhato, 

650 „ calcined soda, ‘ 

490 „ barium chloride. 

The precipitate is washed.thoroughly and 
well mixed with the alkatine solution of 
j8-nap}ith(A (B) ]»repared from 

300 grams^jS-naphthol dissolved in 
300 c.c. caustic lye i34' .Be.) and 2 litres boiling 
water. 

Add 300 grams calcined soda in 3 litres cold 
^watcr, * ' 

180 graiiwt 'rurkey-rod oil, 

300 grams sodium acetate, making the whole 
U]) to 1() litres. 

Into this is run the diazo solution {(.‘) from 
fcKO grams p-nitranihiie dissolved^n 
COO c.(i. liydroeiiloric acid (2hJlc.) ami 
2 litres boiling water. « * 

The temperature of this liciuid is then reduced 
to by addition of 2 litres cold water and 

ice and then diazotised with a solution of 144 
grams of sodium nitrite. 

The precifiitatcd lake is waslicd thoroughly 
and dried. 'Pho above recipe said to yield a ' 
deep-red shade. ' 

The azophor reds of M.L.B. may be used in ^ 
place of the diazotised bases. i 

F. From Fulpkide Colourniy AloUerft awl hidigo. ! 

Within recent years a number of jirocesscs j 
have been jiwtonted for tlic manufactun* of j 
lake jiigments from the vat dyestufls, especially , 
the 8ulphid<9 colours. 1’hcw arc brought into j 
solution as in dyeing cloth amh precipitated ! 
upon a base by various means. 
f ** ^‘According to one such patent, taken out by 
Cassella & Co?, the dyestuff (2r) p.c. ])astc) is 
dissolved in 1 ji.c. sodi*ni suljiliidc and prceipi- 
tat-vl upon barytas or other suitable ‘ earner ’ 
by the addition of sodium carbonate and 
barium chloride. * 

In another method, patented by the Berlin 
Aniline Co., the dyestuff is dissolved iti .sodium 
sulphide, a solution of barium chloride added, 
ami oxidation brought about by blowing air 
through or adding manganese dioxide. 

^ , For instance, 20 parts sulphur black T extra 
are dissolved in a eolutiotl of 15 jiants sodium 
sulphides a solution of 25 ])arts barium chloride 
run in aM air blown through the mixture. 

Lakes may also bo obtamed from indigo. 
They arc sa^d to be exccptionuliy fast and 
esiiecially suitably fur itrodueing very ^iright 
combined lakes. 

CoMBINJiD La|^E I'jOMEys^TS. 

As already mentioned a lake is freijucntly 
produced by the precipitation of nwre thin one 
colouring matter, either separately or in con¬ 
junction, upon the^carrisr.’ The colours may 
be of similar chemical nature, but varying 
shade, or they may differ absolutelju in both 
^ese respects. To the first class belong, for 
d^ample, the numerous scailfet lakes obtained 
by combining orange and ticarlet colouring 
matters of various shades. • 

Lakes belonging to the second class differ 
materially both in shade and projierties ffom 


any member of the combination used to produce 
the pigment, c.g. the maroon lakes made from 
scarlets combined with magenta or satranine. 

For the latter lakeij and others of the same 
class the initial colour is always eitlyit' red, 
orangey or yellow, and f]jom these all possible 
shades from bluish-red to yellowish-green are 
obtained by the^addition of other colours such 
as magenta, safranine, methylene blue, malachite 
green, acid green, and even diamond blac^. « 

'J’ho methods availably for manufacturing 
these combined lakes arc obviously too nuinfrous 
for detailing here, but a few general outljpes and* 
precautions may be kidicatcd. T1 h‘s due 
consideration must always be givci? to Ji-he acid 
or basic character of the c(»lours used and suit¬ 
able means of precipitation arranged. Acid and 
basic colours should neVer be diss^dved together, 
since combination takes* [ilace often witli the 
production of a dark resinous |»rc«i]iitate. Tlio 
, .sartm ajiplies to colours such us the acid greens, 

; whiSi contain groups cafiable of combining 
j with the acid or basic gri*ups of the second 
! Colour. 

The lirst colour m^y be made into a pigment 
(termed the ‘ imtiul lake ’), upon which a second 
colour js then precipitated by suitable reagents. 
When, as most frequently happens, the initial 
lake is prepared frrim a floliible azo colour by 
means of barium chloride, ancl a basic <olour is 
thrown down upon it, care must l>e taken that 
the firecipitating agent used in the latter case 
does jjot affect the pigment first formed. For 
tills reason materials such as Turkey-red oil and 
resin s(>aj),muHt bi* excluded, and the tannic 
acid and tartar emetic method ft the only one 
really suiiable for this purpose. 

Analysis of Lake Pigments. 

• 

j 'I’ho analy.sis of the colourin^f matters in a 
I lake IS often a matttx of great difficulty, and the 
subject rcibainsi largely in an empirical state. 
The composition of the ‘ base ’ or*"* carrier,’ 
the other hand, presents no serious difficulties; 
a jiortion of the lake is incinerated •and the 
I le.sidiie examined by the usual processes of 
qualitative analysis. In this way the presence 
of mineral pigments to which coal-tar colours 
have been added may also be delected. Valu¬ 
able indicatii'Iis may often !>♦ given by the 
presence ,of the precipitating agent in the 
mineral residue, c.q. a red lake which is found 
to contain lead is most likely to have been 
produced from a colouring matter iV the ebsin 
series, Ac. 

Other properties, chemical and physical, also 
furnish important evidence, the colour, fastness 
to lij^, to acids, alkalil, spirit, &c. Further, 
the seTPbig ptico of a lake will^often bo a deciding 
factor where two ooloffrs are under consideration, 
of similar shade but difforeijt in price. 

The class of colourin^^atter from wlRch any 
given sample of a lake may have been (lerived can 
generally be settled with considerable precision 
by employing the schemes drawn up by various 
ftuthors for the analysis of dyestuffs, both on 
the fibre and in the solid state, making allowance 
for the aitoratfcns in properties brought about 
by the presence of,the •carrier and precipitating 
agent. The identification may be carried 
further by noting the behaviour of the sample 
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towftnlil such reagents as snlphnrio arid, caustic i 
soda, hydrochloric acid, alcohol, &c.; but where : 
more thaif one colouring matter is present the 
only satisfactory metln^d of determining the 
shadrta colours is by trials in the laboratory * 
or by Comparison wjfh a series of staftdards. A 
Modern pigments, as previously stated, are 
mostly examples of ‘ combined ’ lakes, and in 

such cases, though the principal constituent may ... .. 

^ be idptilied, it is frequently all*but impossible colour. Dyes* silk and wool inean aci<f bath 
y) do’tect the small quantity of the secondary brownish-yellow. No longer used, 
colons present by any process of direct analysis. LANGBEINITE. A double salt 
*Jn this ease it is best to ascertain their nature , ^ 

indirec^ by a comparison with lakes specially ; iv._,vM >4 .sMgk 14 

j)roparc4 forthc purpose. : crystallised in the cubic system ?k^ith tetarto- 

-Lchijiiuch der ^arbenfabrika- hedral Kyrnmetry,’ and containing Kot) 22‘7 p.c. 


^N-N— 

colouring matter obtained by P. Greias, in 
1875, by the aff^ion of picramic (nopurpuric) 
acid on phenol. vSparingly soluble jn water; 
soluble in sulphuric acid, with redaiah-ycllow 


tion, J. G. (lentele; 7)ie Erd-Mineral-und-Lack- Crystals are very rare, tlie mineral usually 
Farben, &c., JS. Mierzirfhki; Die C'hemie des j occurring in a granular massive form, ^'his 
Sfeinkohlentheers (2iKf ed.), 2, 22, G. Schultz ; | is colourless to grey with a glassy to greasy 
'rhe Manufacture of Lake l^igmenU from j lustre and a eonclioidal fracture ,* H. 3-4 ; 
Artificial Colours, F. D. Jennisou; A Treatise | sp.gr. f'iSl-2'8(); rofrifttive index (Na) 1‘5347. 
on Colour Manufacture, Zerr and jliibencainp. It is comiiletely,* though slowly, soluble in 
translated by Cb. Mayer; The Manufacture of | water. On exposure to the air it absorbs 


Mineral and Lake Pigments, Bersch, translated 
by A. C Wright; Pamtfrs’ Colours, Oils, and 


moisture, becoming cloudy, and finally falling to 
])owdcr with a considerable increase in volume ; 


Varnishes, G. H. Hurst; Joiirn. Soc. Dyers and ! the material then consists of a mixture of 
Colourists (1890. 0, 32); Instructions issued by i picromoriU! (K2*S04*MgS04.fiH20) and epsomite 
several Coal-tar Colour Manufacturers: Weber; (MgS04,7D2D).' 'I'he mineral is found in con 


(J. Soc. Ohem. Ind. 1891, 10, 89(5; 1893, 12, 
050; 1894, 13, 1151). 

Jf'or the imahiHi'i ptV/meu/.s'.—'I'ests for 

Coal-tar (Colours in Aniline Lakes, Geo. Zerr, 
translated by Mayer. A. G.^P. 

LAMPBLACK is the soot or finely*divided 
carbon produced by the imperfect timnbuation of 
various substafTces of a fatty i»r rosinoij^s nature, 
such as vegetable and animal oils, pinewood, 
and dead oil; and it may be taken that whatever 
the*combustibleijnat<;rial ifhich, on full exposure 
to thc4)xygcn of the air, produces the best illu¬ 
mination, thatanaterial will, if partially deprived 
of air, prodiK^ the greases# amount of sooty 
depo.sit. The German imicle oi maiTufacturiiig 
l^pblack cJhsists in collecting it on a woollen 
cloth exposed to the smoke emitted from resinous 
woods truing in a close furnace. The cloth 
lieing shaken from time to time, the jiarticlcs are 
detached and collected. Lampblack is employed 
in the manufacture of printmg-inksand pigments. 

What is known in American trade as 
carbon black is a fluffy, velvety-run of lamp¬ 
black produced by the incomplete, combus¬ 
tion of natural gas containing ethane, burning 
against a metal surface. It is made in various 
lociflities ivhera supplies of natural gas are 
* available, but mainly in West Virginia and 
Louisiana, which accounts for 90 per cent, of the 
total yield. One thousand cubic feet of gas 
yield from lib. to f^lb. of carbon Liack. 
Upwards of fifty-one million poumfe were pro- 
ducedin 192Ufrom!59pk-n^. About40percent, 
of the production is ysed as a colouring material 
in the Abber industry.® 35 per cent, in manu¬ 
facturing firinter’s ink, and 10 per cent, for 
various uses: c.g, stove and boot* polish, 
gramophone records, bkok leather, electric 
insulators, drawing and marking inks, colluloiiP 
and carbon pajxjr^ about 16 per cent, is 
exported. Carbon mack is used fnstead of zinc 
oxide os a filler for rubber ty^s, as it increases 
their tensile strength and elasticity (U.S. Geol. 
Surv. 1921; Jour ftoc. Chora. Ind., 1922, 60 R). 


sidcrable quantities at several localities in the 
Prussian salt deposits, where it was first recog¬ 
nised in 1891. At Wilhelmshall north of 
l^ilberstadt and near Wolfcnbuttel in Bnmswick 
it occurs as a primary mineral in the older beds 
of rock-salt, taking the place of polyhalito in 
places whore calcium is deficient. At Weste- 
regoln and Neu-Staiisfurt it is found ih association 
with sylvitg.and rock-salt, and is partly# of 
secondary formation ; and at- f^oivayhall ne^, 
Bernhurg it overlies the oarnalli^ stratuniT*^ 
is found also at Hal) in Tyrol and in the Mayo 
salt mines in Punjab, Infiia. At the last-named 
locality it was found with rock-salt, sylvite, and 
kiusorite, and partly described in 1873 (F. R. 
Mallet, Min. Mag. 1899, 12, 159). The salt is 
prepared artificially from a boiling concentrated 
solution of inagne.sium chloride and potassium 
Kiilphatc with excess of magnesium sulphate ; or 
by fusing together potassium and magnesium 
sulphates in the proper proportions. 

L. J. S. f> 4 

LANOklN V. CHOLfisTKKOli. 

LANORESIN f. Resins. , 

LANTHANITE. Hydrated carbonate of 
lanthanum, didymium, and ccriifm 

• # 

crystallised in the orthorhombic system. An 
analysis by G. Lindstrorn (WlO) of material 
from Bastiias, Swedent gave : ^LajDilgOa 28*34, 
CejOj 25*52, 0*78? CO* 21*95, HoO 23*40, 

insol. 0*13=100*13. Crystals have the form of 
thin jftates 9c scales with very nearly square 
outlines, or sometimes thyr are of a thick- 
tabular habit •rescnAling ^apophyllite. They 
have a perfect micaceous cleavage parallel to 
the basa^plane, on which the lustre is pearly. 
The colour is usually a delicate pink. Sp.gr. 
2*6-2*74 ; H. 2jr%. The mineral occurs spa^ 
ingly as an alteAtion product oa cerite {q.v.) 

^ The degree of symmetry Is the same aa that of 
cn’slald of sodium clilorate. but the crystals of langbei- 
nlleure optically inactive. 
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gneiss at Bostnaa in Sweden ; with zinc-ores 
in limestone at' Bethlehem in Lehigh Co., 
Pennsylvania; with iron-oreat Moriah in 
Essex Co., New York ; and at Canton mine in, 
Cherokee Co., Georgia. L. J. S. , 

LANTHANUM. Syjii. La. At.wt. 138-9I | 
(Baxter, Pani and Chapin).,‘Crude lanthana ; 
was obtai^ied from the cento earths in 1839 ! 
by Mosander, wlio aftcrwanls separated this ! 
material by fractional crystallisation of the 
sulphates into lanthana and ‘ didyraia ’ (neo- 
and praseo-dymia). j 

Sources .—The minerals containing thoiccrite j 
•metals, e.g. ccritc, orthite, inonazite, and • 
lanthanite {hati\^ lanthanum carbonate con- i 
taining didymiun^. 

Separation. If the material employed as i 
the^ouTce of lanthanum contains (jjinsidcrable 
quantities of yttrium earths a jirelimiiiary 
separation*of the two main groups may* bo 
effected with sodium sulidiato. * 

V 

Methods of Isolation dependiTi^ ow Differences 
in Basic Strength. 

'^rhe separation of lanthana from ‘ didymia ’ 
is quickly (itfected, although with some kiss 
of material, by adding magnesia to a boiling 
solution of the mixed salts until the licpiid 
ceases to give the characteristic absorptum 
bands of netidynuum and praseodymium, the 
less basic oxides of tlieso elements being i>rcci]ii- 
tated, whilst the more ba.sic lanthana rcmayis 


The mixed nitrates of lanthanum, praselidy- 
mium, neodymium, and samarium melt at 
about 400°-500° to a clear liquid, in*" which are 
! gradually formed small crystals of basic nitrate. 
The solution obtained by boiling the pro4dct of 
fusion‘with 10 parts of wftor deposits ve basic 
salt. 'Phe fusion is then repeated on the 
normal nitrates, from both the insoluble and 
soluble portions. The lantliMium accumulates 
in the undecdhiposed nitrate, while praseody-* 
mium, neodymium, sam^HL’iura, together witii 
terbium and yttrium metals are found ip/ the 

basic nitrate fractions. r • 

0 Pfci 

Methods of Isolation by CrysiaUisaUon. 

By a systematic fractuflial crystallisation of 
the double ammonium, citrates 

E{N()3)3,2Nli4N03,4lls0 
in nitm’c acid solution, Auer mm Wolsbach 
8ucfee<led in sojiarating lanthanum from the 
other cerltc metals, and alsb in dividing ‘ didy- 
mium ’ into its comiionents, praseodymium, and 
neodymium. In this^ fractionation lanthanum 
accumulates in the least soluble portiems, and 
IS followed successively by praseodymium and 
neodymium, whilst the most soluble fractions 
contain samarium and the tcVbium and yttrium 
metals (Monatsh. 1885, G, 477). In ojierating 
on large quantities of cento earths it ts more 
convenient to work in neutral solutions rather 
than in nitric acid, but in the absence of acid 


dissolved (Muthmann and Rolig, Ber. 1898, 3J, the nwniher of fractions is considerably increased 
1718; R.. 3. ileyer and Mnrckwald, ilnd. 1900, ' (Wien J^tznngsber. 1903, 11a, 112). 

33, 3009). ^Fractional precipitation with am- j Other ^liiodifications of von Welsbach’a 
monia or caustic soda is lArdly to bo recom- method .have been devised, having for their 
niewded for experiments on a Inrge^jfale, because • objcci, the more rapid separation of praseody- 
-.■jf tjhe difficulty of eollocting and washing the i mium and neodymium {ef. Sch^olc, Ber. J4S99, 
^hydroxides. ^Moreover, ammonium .salts arc i 32, 409 ; Dennis and Ghamot,M. Amer. Cbom. 
decomposed by lanthana and ‘didymia,’ so ; Soc. 1897, 19, 799; Demar^ay, Coinpl. rend, 
that these bases»arc liot effectively removed 1900, 139, 1019, 1185; Drossb^di, Ber. 1902, 
frofti solution by ammonia. \ 38, 282G ; J^acombe, ^bdl ckim. 1904, [iii] 

An intere.sting modification of the bf^^Jic, 31, 570) • 0 

method consists in utilising the ignited mixed i By each of these processes lanthanum can ^ 
oxides of the rare earth metals to precipitate > readily separated in a highly purified condition, 
fractionally an equivalent proportion of these ! because it yields the least solubll' double 
metals from the neutral solution of their | nitrates. Last trace.s of prasoodymiuni arc 


nitrates. A solution of the neutral nitrates is 1 removed by fractional crystallisation of the 


divided into two parts, one portion precipitated , double carbonates 3§2R2(G03)4, 12H2O, w'lifcre 
•with oxalic acid, tho oxn^ates ignited, and the i R—La, Co, Pj^or Nd, the metals being arranged 
resulting oxides added to the rcmainifig jiortion i m ascending^ordcr of solubility (R. J. Meyer, 
of the iiitrates in 12 p.c. aqueous solution, A j Zeitsch. atiorg. Chem. 1904, 41, 94). 
vigorous action occurs, the mixture is diluted, : The classical ‘ suljihato ’ method may also 

heated on the water-bath, and the clear liquid be employed in separating lanthanum fron^the 
decanted frofi the precipitate. The fractioria- other eerito metals (KoltzmaniT, J.* pr. Chem. « 
tion is repeated on^mth the soluble and insoluble 1858, 75, 321). 

portions. By this process the lanthanum According to Dennis and Lemon (J. Amer. 
accumulates in thisoluTiops, whilst the praseody- Chem. Soc. 1915, 37, J31) in tho fractional 
mium and-neodymium we concentrated m the clectr^ysis of a neutral solution of the nitrates 
precipitates (Hermann, Tf. pr. Offem. 1861, 82, of neodymiifm, praB(g)dyniiuin, lanthanum, and 
385; Auer von Welsbach, Monatsh. If^BS, 4, samarium, the lanthanifhi collects in the last 
630; ibid. 1884, 5, 508; ScliotTlander, Ber. fractions, and can thusJ>e» sopaftpted from the 
1892,25, 378). % , other earths of the didymium group. Lantha- 

Boiling the rare earth oxides ^ith ammonium num cevi be satisfactorily separffted from 

salts loads to a fractionation, since the more praseodymium by this method, 
basic constituents displace ammonia fend pass ^ Metallic lanthanum* m.p. SIO^’, sp.gr. 6*1545- 
into solution (Drossbach, Ber-1902, 35, 2826). d* 193, sp. heat 0 04637, is best prepared by the 

1’he fractional decomposiupn of the nitrates electrolysis of the fused cl^orido, a current of 
is another nlbthod depending on differences in 50 amperes ana 10-15 volts being required; it 
basic strength (Bettendorf!, Annalcn, 1890, 256, is the most active of tho rare earth metals, 
159; Urbain, Ann. Ohim. Phys. 1900, [vii.^19, tarnishing in dry air, and in presence of 

184). . moisture becoming coated with white hydroxide . 
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(MiAhmftnn^ Kraft and Weiss, Annalen, 1903, 
326, 201 ; 1904, 331,1). 

When lioated in air lanthanum furnishes a 
mixture of oxide and nij-ride, and in hydrogen ^ 
it yitfMk the hydride. With aluminium, lantha¬ 
num fo|ms the alloy {.<aAl4, a crystalling white 
substance (sp.gr. 3*923), stable in air, and in¬ 
soluble in nitric acid (c/. Muthpiann and Beck, 
Annalen, 1904, 331, 40).' 

c L^thana {Lanthunum ovide) iS a snow-white 
lewder produced b)»^eating the hydroxide or 
oxal^e ,* its sp.gr. is 6*94, or 0*53 after raising to 
•white Iiftat. The amorphous oxide readily ab¬ 
sorbs wflor <ff carbon (Moxide, but the crystalline 
modification (sp.gr. 5*296) obtamed m rhombic 
priiins by heating lanthanum carbonate in fused 
borax can no longer bo directly hydrated. 

^ 'Fhe oxide fcas l)oon^re*duced to the metal by 
magnesium but not by aluminium. 

Lanthanum hydroxide La(OH)3, % white 
amorphous precipitate produced by adding 
excess of aramonirf or caustic alkali to the 
solution of a lanthanum salt, is the Btroiigost 
base of the rare earth ^crics; it turns rod 
litmus blue, absorbs caroon dioxide from the 
atmosphere, and displaces animoiiui from 
ammonium salts. In tlic presence of hydrogen 
peroxide, the hydroxide gives a hydrated 
lanthanum peroxide. 

Lanthanum hydride Lall, or Lall^ {Winkler, 
Bcr. 1891, 24, 873; Muthmann and Kraft, 
A.malon, 1903, 325, 279), formed by direct 
union of its components at 240®, is a •black 
substance more stable in air than th* corre¬ 
sponding cerium compound. ♦ 

Lanthanum*carbide Bp.gr. ,r)()2, is 

prepared by heating in a carbon tube, with an 
ele<;fric current of 350 amperes and 500 volts, 
100 parts of laftthana unH 80 parts of sugar 
carbon# When decomposed with water the 
carbon yields tO-71 p.c. of acetylene, 27-28 p.c. 
of methane, and 2'() p.c.4)f*ethylcn(^(MoiBsan, 
Compt. rend.^896, 123, 148). • 

^ Lanthanum nitride LaN, a black powder 
prepared from lanthanum and nitrogen at rod 
licat, is * decomposed by moisture yielding 
ammonia and lanthanum hydroxide (Annalen, 
1903, 325, 261). A basic lanthanum azide 
La(N3)a*OH,I |JH ^0 havingg^xplosive properties, 
is obtained by dissolving lanthajja in aqueous 
hydrazioic acid, •and precipitating with ether 
alcohol {J. pr. Chem. 1900, [ii.J 61, 403). 

Lanthanum sulphide LagSa. A yellow powder, 
sp.g^ 4*91 o8, obtained by boating the anhydrous 
sulphate in^hvAogen sulphide, is stable in air 
but decomposed by boiling water, A higher 
Bulpliido La2S4 has been produced by the further 
action of hydrogen sulphide on the sosquisulphide 
at 600® (Biltz, Ber. 1908, 41, 3341). .p 

Lanthanum nkiate La^Oa)8,61taO crystal¬ 
lises from water in • transparent colourless 
prisms; it Ioffes SHgCl over strong sulphuric 
' acid, and is readily solunlo in alcohol. A strong 
solution o^the commercial nitrate is used as a 
stamping fluid for marking the maker's name or 
brand on incandescent mantles, so that when^ 
these are burnt the design appears in brown on 
the white thoria 8ke|(^ton. 

Lanthanum ammonium nitrate 

La(NO,)„2NH4N(5,.4H,0 

.monocUnio crystals, is isomorphous with the 


corresponding double salts of the other cerite 
metals (Kraus, Zeitsch. Krist. 1901, 34 307).” 

Lanthanum miagnesium nitrate' 

, 2La(N03)3,3Mg(N03)2,240^0 

separates in lustrous colourless rhombohodral 
prisms belonging to the hexagonal system. 
Lanthanum also* forms well-defined double 
nitrates with pyridine, quinoline, and other 
organic bases. 

Lanthanum sulphate La2(S()4)X9H20 is the 
most stable of three hydrates, and the least 
soluble sulphate of the rare earth series, its 
solubifity diminishing with :flse of temperature 
it separates in hexagonal prisms, isomorphous 
witl» the cerous salt €02(8^4)3,91120. The 
anhydrous sulphate is produced by heating the 
hydrate witli strong sulphuric acid, when the 
acid sulphate La{S04H)3 first produced is after¬ 
wards dccompo.sed above 280®. O^he double 
suipiial^s La2(S04)8,3KfcS04 and 

La2(Sl\)34Na2S04,2H20 

are sparingly soluble, particularly in the presence 
of excess of alkali sulphate. 

Lanthanum fluoride LaFg prepared in the 
anhydr(niH state by burning lanthanum carbide 
in fluorine {cf, Moissan, l.c,) and as a gelatinous 
precipitate 2LaF3,H20 by the intt^raction of 
hydrofluoric acid and lanthanum acetate; the 
sulphate yields the acid fluoride 2LaF3,3HF. 

Lanthanum chloride Ladj, m.p. 907®, 
Bftgr. 3*947, is prepared by the general methods 
for jneparing anhydrous chlorides {cf. Ceeium ; 
and Matignon and Bourrion, Ooin|)t. rend. 1904, 
138, 627; 190-5, 140, 1181 ; Aim. Jhim. Phys. 
[viu.]5,127); it is a^^olou^less compound dissolv¬ 
ing in watery alcohol with considerable genwa- 
tioii of heat. In aqueous solution this salt slnysfe, 
very little hydrolytic dissociation,; ite hydrate 
2La(^i3,16H20 or LaClo,7H20 forms triciinic 
crystals, the alcoholaTO is, La(33,202H5.0H 
(Zschieschc, J. pr. Chem, 1868, 104, 174 ; Clt^ve, 
Bi^jl. Soc. chira. 1874, fii.] 21,196). The following 
double chlorides 2LaCl, 3PtCl4,24H20 ; LaCla, 
PtCVlSHgO; and LaOl3,Au('l3,10H2O have 
been described. 

Lanthanum platlnocyanide 

2La(CN)3,3Pt(CN)2,18H20 
forms yellow fluorescent prisms with a blue 
reflex. • ^ * * 

Lanthanum-oobalticyanide 

La2(C0C4N4)2,9H30 

one of the most soluble of the rare earth cobalti- 
cyanides in 10 p.c. hydrochloric aci^ * 1000 pts. 
saturated solution confain 10i41 pts. of the salt. 

Lanthanum acetate La(C2H302)9,UH20, 
thin prisms, furnishes in the cqjd with ammonia 
a gelatinous precipitatl^ of basic acetate, which, 
when mixed f^ith soli# iodine, becomes blue 
like starch iodide. This reaction, which does not 
occur with tile nitrate or with the precipitate 
from boiling solutions of t^^e normal aoetoite, 
depends on the Jolloidfll nature of the basic salt, 
the colour being due to an adsorption compound. 
AJtlioughjthis coloration is used as a test for 
lanthanum it is uncertain so long as other 
elements are presort (Biltz, Ber. 1904, 37, 719). 

Lanthanum oilalate Laj(C*04)^, 9, 10, or 
llHjtf, a white curdy precipitate becoming 
crystalline; is more soluble in acid or in aqueous 
amiAonium oxalate than the oxalates of other 
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rare earth metals (r/. Clevc, Bull Roc. chim. 
lfi74, [ii.] 21, 190; Power and Sheddon, J. Hoc. 
Chem. Ind.' 1900, 19, 030 ; * Rranner and 
PavliSekv Chem. Hoc. Trans. 1902, 81, 1243).^ 
Whittemore and James, J. Amer. Chem. Roc. 
1912, 34, 1108. 

Lanthanum acetylacetonato LalCjHjOjla, 
colourless needles, m-xi. 185°,* crystallises from 
water with*3HjO (Annalen, 1902, 323, 20 ; 1904, 
.331,334). , 

Lanthanum dimethyl phosphate 

Laj(Me2PO,)„4HjO 

* ^ 

•tphite, hexagonal crystals, solubility in water 
1011*7 pts. pef 10;> at 2r>‘^ (Morgan and Janie,«, J. 
Amor. diem. Soefl914, 30, 10). 

For other organic salts of lanihaiiuin, see 
Rin^aeh and Schuliert, Zcitsch. phyaikal. ('hem. 
1909, 07, 183; Erdmann and Wirtlf, Annalen, 
1908, 301,1*90; Kolmberg, Zoitsch. anorg. Oheni. 
1907, 53, 83; Jantsch an^ («runkraiit, ibid. I'OIS, 
79, 305; Armstrong and Rodd, Proc. Roy. Soc. 
1912, 87, 204; James and co-workers, J. Amer. 
(Jhom.tSoc. 1911,3.3,1330; 1913,35,127; 1913, 
35, 872 ; 1914, 30, 10 ; 1915, 37, 2052. 

Spectra of lanthanum .—Spark and Arc 
Sjiectra, ik Exner and Haschek, Dio Wellen- 
Jangen der liogenH|X'l%tra, I. and H. 1904; 
Rowland, A Preliminary Table of Solar Spectrum 
Wave Lengths, IHOlk 

Unless rendered impure by the presence of 
traces of other rare eartlis, lanlhana and iant b^- 
num salts do not become luminescent tn xwuf) 
under the inlluenco of catliode rays. 

(J. T. M. 

LANTHaPINE d. Opium.* 

MPACHOL. r his ctilouring m%^ler has been 
obtained from the wood of the jjajwKdio tree, 
*m5&PGreenheart wood, and also from Bethaberra 
wood. It was from the lirst-named that 
Arnaudon (Comyt. And. 4(>, 1154) 

originally obtained it by extracting the wood 
with alcohol, and recrystalhsing the product 
from a mixture of alcohol and other. Stein 
(J, pr. ('hom. 09, 1) showed that the same 
colouring matter was present in Grcenheart 
wood, whilst (Jrecn and Hooker (Amer. Chem. J. 
11, 2(57) obtained it from Bethaberra wood. 

According to Paterno (Gazz ehim. ital. 12, 
*337; 21, 374) the colouring matter is best 
extracted from the wootl by meaiv of soda 
solution (1 gram soda crystals in 10 grams water 
for 20 grams finely divided wood), the product 
being precipitated from the combined extracts 
by means hydrochloric acid, purified by 
. extraction with btrium hydroxide soluti^^^i and 
reprecipitation with acid. The product thus 
obtained when jecryafcallised from benzene is 
readily obtained in a purl^ condition. 

iMpachol Ci 5H,40J1 3’he 3n.p. of the 
crystalline product has been variously stated 
as 138°C. (Paternd) and 140 5°C. fereen)? It is 
insoluble in water, but soluble in alkalis, yielding 
red solutions which contiin its^alts. It is not 
very soluble in ether, but easily soluble in 
chloroform, glacial acetic acid, ai](^ in hot 
alcohol or benzene. 

Monoacdxjl derivative CfsHisOjAc, yellow 
prisms, m.p. 82°-*83®C., is “prepared by the 
action of acetic anhydride and sodium bcetate 
on lapaohol. It is insoluble in water, cirstallises 
from alcohol and is very easily hyarolj%eil; 


cold nitration cMiverts ‘it into niiro^QC^iy^' 
lapachol OieHijOafNOalAc, m.p. 16C“-108"(k, 
whilst further acetylation yields diacetyl- 
derimtivc CuHijOaAQa, colourless crystals, 
m.p. I3r-132T. 

Various salts of lapachol have been d^cribed, 
of which those of the metals are red in colour, 
those of organic bases yellow to orange. The 
sodium and potassium salts* erystallieo with 
SHjO : (\5Hf3()8Na(K),5HjO ; the calcium. * 

or strontium salt has onlyall; 

whilst the barium salt has THgO: 

Anliydrous lean, silver, and ammonium s*lts 
have also lieeu described. Of the salts of 
organic bases, the aniltne salt 
consists of yellow needlesj m.p. 121 -122 ( that 
of p-tol^)i(Iine (‘i5Ui403-C.iJ,N of ^irangc-yellow 
I leaf^t.s, m.p. ]30^('., and that of o-toluidino 
j ('i5Hi403*(bHpN of yellow crystals, m.p. 135’0. 

The elucidation of the constitution of this 
colouring matter is due to Paterno (Gazz. chim. 
ital. 1883, 12, 337, 0^2; 1890, 19, (501: 1891, 
21, 374); and Hooker (J. Uhem. Soc. 1892, bl, 
Gll ; 189(), fiO, 1355). 

It was Paterno who first put forward a 
structural formula for lapachol, wliich ho based 
chiefly upon evidence obtained from examination 
of its oxidation and reduction products. 

Wh('n oxidised by nitric acid (sp.gr. 1*38), 
]a])acl*<)I gives ri.se to jilitlmlic acid in good yield, 
wherea* when the colouring matter is reduced 
by means <j£ hydriodic acid and red phosphorus, 
a siihstapce is obtained wliiclf Paterno con¬ 
sidered to be jS-isoamyl-napbthalene. As the 
result ho suggeste<l tlie following constitution 
for lapachol:— ♦ 

O 


/^\/ . 
I 1*1 

\/'-/ 


-(Srl.^(Tl—d?^ H 
-Oil 


The positifiu of the double bond has been 
dis]mted by JlooktT. This author concludes 
that the product wmch Patem^ considered to 
Im> ^-isoarnybbaplithalenc in reality consists of 
a inixtury of two substnnees to which ho gives 
the name.s a- and ^-lapachan, and formulates 
thus:— 

vu. 


C)' 


and 


-(‘Hs-CHa-fKi 

tt-Lai»dian. 


CH, 




• g-I.»apachan. *■ 

He was able to show that the product obtained 
l^by treating naphtlialeno with isoamyl-chloride, 
; in the presence of aluminium chloride, was not 
j identical with^that obtained by Paternd by the 
I reduction of lapa<^ol.» Moreover, by condensa¬ 
tion of B-hydroxy-a-naphthoquinonea.ndisoval€ri€ 
aldehyde^ in the presence of hydrochloric acid, 
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he |btaiB|(] a compound that should hav# the 
structure applied to "lapashol by Patemh, 
though to .this, in view of its bright red colour, 
he assigned the formula— 
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*nd ttiojiame iio-^-lapacM. 

Alth^gh iso-/l-laiflLcbol is a derivative of 
p-naphtho(jinnone, whilst Patenhi's formula for 
iapuchol represents it as a derivative ofa-naph- 
thoquinonc, both suhatancea should yield the 
sagie reduction produis^i, *but as the reduction 
product given by iso-y$ iapachol is not identical 
with that obtained by Paternii from hifiachol, 
Hooker concluded thSrt lajiachol has in reulilv 
tho structure— 

O 


was rejected by Hooker, and a consideration of 
the following series of changes makes clear his 
ground for this aojection. 

, When lapachol is brominated, in chloroform, 
i tho product is brom-6-lapachonfy orange-red 
crystals, m.p. 13!)°-H0”CI. This when boiled 
with caustic aoda yields dihydTorp-htjdrn- 
laparJtol, m.p. IW^—182®(1., and, according to 
Hooker, on treatment of this productfwith con- 
coiitrated sulphuric acid tho proelnets (I), (2), 

^ (3), and (4) arc formed simultaneously, and the 
j changes may be represented by tho following 
I schema;— 
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reconverted by the action of caustic soda into dlhydroxy-lsolapachol 
sulpiSricSd succeed In isolating this as an Intermediate' product in tho initial reaction with 

. VoT. IV.—r. * * 
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When lapaohol i& treated with mineral acids, 
Bhoker obtained two substanoeB which he 
termed o- and ^-Ispaohone, and to which the 
following constitutions have been assigned :— 
0 
I! 

and 




a-Lapachone. 
0 


careens rooks 4it their Junction wiA grft|ite. 
The minerals of the Bodaiite group nave been 
investigated by Br6^er and and 

for the predominant nine constituent of lapis- 
lazuli they proposed the name lazvrite (^itsch. 
KrysttMin. 1890, 16, 231). 'J’his is a TOdium 
aluminium silicate and eiiphido, and il essen¬ 
tially the same in composition as artificial 
ultramarine. The formulee they give for the 
members of tlm sodalito group*are: 

Sodalite ]SIa4(AlCl)Alt(Si04)3 
Haiiynite (Naa,Ca)jj(lTO04*AI)Al2(Si0^« 
Noselite Na4(NaS04-Al)Al2(Si04)8 • 


Lazurite Na4(NaS8*Al^l2(yi04)8. ^ 

An analysis Iw Brogger and B&cksirdm of 
lapis-lazuli froifl Central Asia gave : * ^ 

SiOj AI2O3 C’aO NajO Cl Total 

32r)2 27-Cl C 47 19 45 ^)28 10 46 2 71 0-47 99 1)7 


. 0 

1 

^-T.npa’lione. 

'■ i 


The former consists of pc.le yellow crystals, | 
m.p. 117"(.'., and changes on solution in con-1 
cenirated svil])h\iric ad(l into the latter, which' 
forms orange-red crystals, in.p. 155"-15G°(!. 1 

According to Crosa and MaiiuoJJi (Atti K. I 
Accod. Lincci. 189.7, ii. 250), Lapacho wood,) 
on prolonged distillation with steam, yields) 
a volatile crystalline product to which they [ 
gave the namo hjjMchononc, and coinposi- ; 
tion CigHjjOa colourless crystals, in.]), (irn't’. i 
It is optically active; its picrate 

^'6^ sf 2 ) 3*^1^ 
m.p, 145°C.; on recrystallisation from alcohol 
forms profKicta in which, the ]>roportioii of 
picric acid is variable. 

^From lapaehoiione, by oxidation with 
‘'llfiXIte nitric acid, they obtained jihthalic acid, 
whilst by tKe action of phosphorus penta- 
chlorido it was converted into dk}ilor4aj)a’ 
cJiotwne iQ'rg® colourlcas prisms, 

m.p. 108‘^(.I., volatile wit!) steam. 

Bromination of lapachonone, in c^0>ld 
acetic acid solution, yields hrom-lapachononc 
OigHjjOgBr colourless prisms, m.p. J20‘’O., 
together with small quantities of a hroni- 
dihydroxif-compound (V,Hi504Br, yellow prisms, 
m.p. 140^0., which forms almost the whole 
product when lapachonone is brominated in 
‘ aqueous susponsion, H yields a diarotyl- 
derivative, yellow plates, m.p. 132^'^., and a 
pheiiyllhydrazone, red crystalline crusts, which 
has no definite melting-point (Manuelli, Atti 
R. Accad. Ljncei. 1900 (v.), 9, ii. 314). 

^ A. G. P. 

LAPIS-LAZUti (Ger. Ldffurstein ; Fr. Outre- j 
mer). An opaipo precious stone valued for 
its rich deep mue colifur. It takes a good 
polish, and is much n^ed for saiall ornaments 
and for inlaying. Formerly it was the only 
source of the then valuable jMgmonf ultra¬ 
marine, which is now manufactured on a con¬ 
siderable scale. t 

Rather than being a simple mineral, it is a 
mixture of minerals, amongst which the members 
of the Bodalite group predominate together < 
‘Vith oalcite, pyroxene, amphibole, mica, scapo- 
lite, felspar, iron-pyrites, &c. The material 
is really an impregnation of various setfondory 
minerals in a crystalline limestone, and has been 
formed by the contact-metamorphism of* ral- 


Here, as in all other analyses, sulphate and 
chloride are present in addition to Sulphide, and, 
in fSet, the haiiynite molecule actually predomi¬ 
nates in this case. 

LazAirite is decomposed and decolorised by 
, hydrochloric acid, vviih the separation of 
gelatinous silica and evolution of hydrogen 
sulj^hide. It is occasionally found as deep-blue 
crystals with ihc form of the rhombic-dodeca¬ 
hedron ; Bjj.gr. 2-38-2'42 ; hardness 5^. 

I’lio best quality of lapis-lazuli conics from 
Badaksban in Afghanistan ; the mines hero 
were visited by Marco Polo in the year 1271. 
Another occurrence of iinjiortance is at the 
western end of Lake Baikal m Siberia ; here the 
material varies in colour from deep blue to light 
blue, violet-, and green. Largo.blocks of pale 
blue lapis-lazuli are also found in the Chilean 
Andes, and small crystals in the ejected lime¬ 
stone blocks of Mont^ Sonima, Vesuvius, c 

L. J. S. 

LAPPACONITINE v. Aconitine. 

LARCH TURPENTINE r. Oleo-resins. 

LARD'' The teiSn ‘ lard ’ ''was originally 
used to denote the fat rendered vfrom the leaf 
of the pig, i.e. the fat from the kidneys and the 
bowels. I’hc increased consumption of .lard 
during the latter half of the last century (which 
has seen the rise of large American packing 
houses manufacturing lard on an enormous 
scale) has chiefly cf,.itributcd to the extension 
(^f the aboy^' definition of lard, so that at 
present ‘ lara ’ denotes the f3ft from any and 
every paPt of the hog. 

Loaf lard is still being sold on a small scale 
as ‘ butcher’s lard ’ and ‘ home-rendered Card,’ 
but the amount is insignificant in'comparison 
with the enormous quantities produced in the 
slaughter-houses of the United States end 
Canada. The term ‘ bladder lard,’ so named 
from the package, used to be leaf lard rendered 
in small establishments. At present this term 
Is still used to denote tne best quality of home 
rendered, as also of 4 American lard, of the 

0 (c) (v. in/ra). The commercial quality 
icd ’ oontains, besides leaf lard, lie fat 
taken from other parts of the animal This 
extension of the term ‘ lard,’ viz. that it denotes 
the fat taken from any and every part of the 
hog, has beeL implicitly Sicknowledged by the 
Adulteration Laws of.the United States, accord¬ 
ing to which lar(f is defined as the ‘ rendered fat 
from slaughtered, healthy hogs, fi^e from 
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ran^ty a&d o<»tt&uUne no more than l*p.o. 
of BohslAnees other than nog fat/ 

The production ol, and trade iii» iard at 
present may be considered as being completely , 
dominated by the processes and trado usages 
in vo^lis in the United States, especially^in the 
large packing houses af Chicago. 

The rules of the Chioago Board of Trade 
define the following brands of edible lard: i 
(a) Neutral lard No. 1; (&) Neutral lard No. 2 

Imitation neutral l^rd’); (d) Leaf lard; 
(dd Choice lard, ohfiipe kettle-rendered lard; 
(e) Bfimc steam lard. These brands will be 
tiescribed here in the order in which they are 
produoKl in Jiie factorj^, so as to give, at tho same 
time, a concise account of theemanufacturing 
prdleBsos involved ii^tho production of edible 
lard. 

• (a) Neutral* lard is^)reparod from the leaf, 
which is taken out of the animal immediately 
after it has been slaughtered, freed fi%m the 
llosh and skin, and chopped up in a fat-cutHing 
machine into small lumps, which are thoroughly 
washed with iced water. Tho comminuted mass 
is then delivered into iack#cd rendering vessels, 
in which it is heated up to a temperature of 
40®-60®. The lard so obtained is practically 
neutral, and is used almost exclusively in the 
manufacture of margarine (termed in America 
‘ oleomargarine ’). 

(&) Neutral lard No. 2 (‘Imitation neutral 
lard ’) is the fat taken from the back, and 
rendered in a similar manner. 

As the Neutral lard No. 1 and NeiitraH lard 
No..2 are not ‘ cooked’ (i.e. not rendered at a 
higher temperature than 50°), tliesS lards do 
not keep well, and cannot, therefore, be used, 
like * leaf lard ’ and ‘ steam lard,’ for domestic 
purppBCB. 

(c) Leaf lard* (‘Flare lard,’ ‘Flair iard’). 

When iho residue from (a) is subjected to , 
steam heat un%er pressure ^ a digester, tho : 
leaf lard of coHimerce is obtained. .Formerly , 
this was the oeily kind of lard rcCognised by the ' 
Chicago Board of Trade, and was prepared from 
the wbol^ leaf, and thus embraced the three 
qualities described under (a), (6), and (c). , 
This lard is not exported, but is consumed at | 
home. Tho Adulteration Laws of the United | 
States now define leaf lar4 as ‘ tho lard made | 
from the internal fat of the abdoiriipn, excluding 
that adhering to^he intestines, an# having tho 
iodine number 60.’ • 

The portions of the leaf remaining after the i 
rendering of Neutral lard No. 1, are put together I 
^ith the rcAiduea obtained in the preparation 
of Neutral lard, and ‘ rendered ’ by steam heat 
in open steam-jaokoted kettles or m autoclaves 
(digesters). 

Thus (d) ‘Choice lard’ or ‘Choice ktttle- 
reudered lard ’ is obtained. • The lafter term is 
due to this fat being rentlered in steam-jacketed 
kettles, which i^present^he survival of the old- 
fashioned open kettles, in which butohers 
used^^ render the lard over free fire« Suoh 
lard has the peculiar, pleasant flavour of fried 
fat, and therefore the name ‘Kettle-rendered 
lard^'has been retained, even after the rendering 
over free fire hod givea way to heading by means 
of steam. In large establishments the rendering 
is carried out under pressure Ai digesters. The 
regulatkms of the Chicago Board of I'rade 


d^e ‘ Choice Iard ’ as lard made from loaf and 
trimmings only, either steam or kettle rendered. 
The manner rendering is branded on each 
tierce. Its flavour is much superior to that of 
Prime steam Iard.’ 

(e) Prime steam lard, also termed ‘ Standard 
prime steam larj,’ is obtained from any trim- 
minga not used up in the production of lard (d), 
and ail other parts of the hog thatewill yield 
lard, with the exception of tho Ever, lungs, the 
intestines proper, and that par^ of the heart 
which is free from fat. This quality is rendered 
in^ digesters in a similar manner to lard (d). 
Such fard is passed solely on inspection, and a.s^ 
the in8i)ector has no authority Nvdiich enables* 
him to supervise rendering Atablishments, in 
order to secure a proper control, we may take 
it that prime steam lard consists of the fat from 
any part ^ the hog, either from the wlp)le 
animal, or from portions of it (hearl. foot, &c.). 

<'he^ foregoing qualiries represent the com¬ 
mercial qualities of edible fat. 

I All those parts*of the bog which have not 
\ been used for tho production of the above 
qualities are worked up in autoclaves, in order 
to obtain tho last portion of the fat they contain. 
'I'ho fat so recovered is termed ‘ Yellow grease.’ 
With this yellow grease are mixed all the refuse 
i fats resulting in the course of rendering the 
I edible qualities. ‘ Yellow grease ’ is also obtained 
^ from tho fat rendered from all the animals 
that have died in tho ‘ stock-yards.’ If in the 
working up of anintals which have died in 
transit, the intestines, &c., have been removed, 
a whiter quality of fat is obtained. This is 
sold as ‘ white ^’ease ’ for manufacturing 
purposes. A lower kind of grease than the 
‘ Yellow grcSiRe ’ is ‘ Pig’s foot grease,’ a fly- 
product obtained in the glue department 
rendering houses. I’his ‘ Pig’s •foot grease ’ 
finds an outlet in the m^ufacture of low class 
lard oil and of soap. • 

The two qualities of ‘ Neutral lard ’ hardly 
require refining. After the clear melted lord 
has settled in the jacketed vessel, it is run off 
into a receiving tank, in which the last traces of 
water and any fibres are precipitated by sprink¬ 
ling salt over the fat. In fact, this part of the 
manufacture is closely similar to the processes 
employed in the preparation of ‘Premier Jus.’ 
The settled lard is th|p immediately ready for 
use in the^aanufaoture of margarine—^whioh is 
mostly produced in the same works,—of is run 
into tierces for shipment. 

The next qualities of edible ^rd usually 
under^ a somewhat ^ro compE^ted process 
of refilling, consisting in treatftig the melted fat 
in a refining vessel witb fuUer’s earth, and 
blowing it at the same* time with air. The fat 
is thereby alsoadeodor^ed. It is next pumped 
through a filter press, worn whiqh the clear* 
bleached lard^ run over horizontal cylinders 
cooled by brine. The warm lard is thus quickly 
dulled on the copied siftface^f the lard cooler, 
and forms a continuous sheet of soEdified fat. 
Before the cylinder dips again into the warm 
riard on tfle other side, the soEdified mass is 
removed by a scfaiier (‘doctor’), and falls^ 
I into a trough. In* this trough a rotating screw 
conveyer breaks up the sheet of fat and carries 
it forward into a mixer, in which the lard is 
agi^jiied by a mechanical arrangement. Here 
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‘ lard stearine ’ is added to ‘ stiffen ’ the lard, 
irt ease it be too soft. 

The lard.stearin is obtained by subjecting 
cooled lard in hydraulic presses to a moderate 
pressure, when the softer portion—lard oil—»■ 
exudes. The lard sk-arin either serves in the 
manufacture of butter substitutes (margarine, 

‘ oleomargarine ’), or is used, aP described above, 
for ‘stiffening’ soft lard. Jn this country, 
where the addition of beef fat for ‘ stiifening ’ 
lard is now forbidden, considerable quantities , 
of lard stearin are used. 

Leaf lard is t)ie hardest; the lards from the 
.back, A’c., arc softer. The consistence of the 
lard (lejumd.s not only on the part of the animal 
from which it been taken, but also, and 
chiefly, on the food wdiicli lias been given to the ' 
animal. Hogs fed exclusively on acorns or on ' 

‘ krikage ’ yield a harder lard th.vi hogs fed . 
on maize. , 

Leaf Jard has a gj^anular texture, anil a 
salve-like consistence, and should be of pure , 
white colour, fl’he lards* wliich rejiresonl . 
mixtures from all parts of tlie body, esjiecially 
tliose manufactured in large slaughter-houses, 
have no longer a crystalline texture, as tlu* 
object of the last operation in the niunufacture 
is to destroy such texture and give to the 
product a smooth appearance. 

Tlu‘ iard rcndere(l from the leaf, as also 
from tlie back, has an agreeable taste. 'Plio 
lower qualities have an insipid taste; this 
disapjicars, however, on standing. Sonu‘iof 
the steam lards have an ‘animal flavour,' 
which may be judged by an mexpeiien<‘od person 
to indicaU^’ admixture with tallow or * beef 
stearine.’ 'I'his flavour also disa])pears on stand¬ 
ing or on warming. ' •' 

“aui^Jjard consists of the glyeorides of laiiric, 
mjTistic, pal%nitic, .stearic, and oleic acids, and 
small quantities of Ij^iohc acid (and jierhaps 
also of linolonie acid). The jirojiortion of ; 
stearic acid determined in a number of c(jiu- ■ 
mercial lards, varied from (i to 24-fll }).c. «, j 

'Phe analytical differences between lards from i 
different parts of the hog are best exjiressed by i 
their iodine values. vSince important difforonoes 
exist between North American and Kuropean 
lards, chiefly and almost solely owing to i he mode 
of fattening, it is important to note that Ameri¬ 
can lards have c<jnsi(.|girably higher iodine 
values than lards obtained in Europe. I'he 
iodine •\’alues of the latter range, as a rule, 
between 40 and 00 'I’hc iodine value of ; 
American liy:d reaches, however, iiigher figures , 
than 00, ana may even exceed 70. i 

Lard (like butter and olive oil) used to be 
adulterated on thcv largest scale. Heei fat, 
beef stearin, cotton soodioil, cotton seed stearin, 
and other vegetable oi^, amongpt which aunng 
the last few^oars coconut oil and palm kernel 
oil predominate, are the adulterant,s most' 
frequently employed. Such aamixturo.s had 
been for a long *'me an opei?ly acknowledged 
practice in the United States of America, and 
such expressions as. ‘ refined lard,’ ‘ compound 
lard,’ and ‘ lard compound ’ werf> used tOi 
designate a mixture cjf larduwith vegetable oil, 
chiefly cott^in seed oil, ami ootton seed stearin. 
At present, however, the restrictions imposed by 
law have become much more stringent, and 
lard exported from the United S^tates nq^er 


oflfioCal supervision, may be accepted as gnt^an- 
teed pure, that is, free from admixture with 
another animal or with a vegetable fat. 

The detection of adulterants in lard plays 
a most important part in the practice of the 
public,analyst. H is impossible here ti^ollow 
the various practices of the adulterttors of 
lard and follow up such adulterations through 
their several stages. The reader must, there¬ 
fore, be referred to LcwkOwitsch, (Chemical 
Technology. Tt may, however, be XKiintod out* 
that the chief characteriatios which the analyst 
must determine arc : specific gravity, malting- 
point, iodine value of the fat, iodine valve of the? 
Iiquicl fatly acids, and aifiount of u^sajfbiiifiaMe 
niattor. Tlie proportion of the latter is imnor- 
tant, inasmuch as admixture of paraffin wax 
with lard (which had, been praefised to a con¬ 
siderable extent in foriiK'r years^ and lunl then 
been abandoned) ajipears to have been resumed 
during last few years. Model’ll metliods of 
che<nical analysis have rendered the detection 
of vegetable oils and fats added fraudulently to 
lard, a somewhat easy proce.ss, as the phytosteryl 
acetate test permits*?thc detec'tion of even as 
little as 1 p.c. of admixed vegetable oil or fat, 
and ihe emleavours of the adulterator to 
eirciimvent this test by the addition of a very 
small quantity of soft parnfVm W'ax l:avo been 
frustrated by more refined methods of chemical 
analysis. 'I’ho detection of coconut ful and palm 
kernel oil is rendenMl (in addition to the phyto¬ 
steryl acetate test) somewhat easy by the 
(ielerlninaf ion ()f the volatile fatty acids. In 
this co/liK'ctiori, however, a note of warning must 
be HouiideA, as it has been shown that hogs fed on 
copra (a.s i.s <lone in the iMiiliiqunc Islands) 
furnish a lard whicli exhibits the eharacterialics 
of lard adulterated wifli eocomit or paln\ imt 
oil (tlie coconut oil having lM*efi piislied forward 
into the body fat, much as feerling cotvs with 
oil cake lead.s toj^thc pu.shing ‘jorward of the 
vegetalile, oii into tlh) milk fat)-. Jfetcction of 
added beef fat or beef stearin ta lard is more 
<lifiicult. and the (formerly relied upon) jfelfield 
test, winch wa,s supposed to rest on the detec¬ 
tion of (beef) stearin, has been sliown to 
be entirely nugattiry. 'I’he so-called Stock- 
Pelfield test, which aimed at a quantitative 
determination of added ‘ beef stearin,’ has been 
shown to bo bitterly-fallacious, inasmuch as the 
crystals, on*'ehe isolation of v^nicU reliance was 
placed, are given by the lard stearin itself. 
A method proposed by Polenske, viz. to deter¬ 
mine the so-called ‘ ditfereiiee ’ between soUdify- 
ing- and melting-points has been bhown to bq 
untrustworthy. 

A method which has given better results is 
that based by Bdmer (^eitsch. Nahr. Genussm. 
lU13V2fi, 651); 1914,27, 153) upon the facts that 
the distindiive glj^peride tf>f lard, a-palmito- 
distoarin, shows a difference of 6‘2° between its 
m.p. and that of its sop^ated fatty acids, whereas 
in the case (*f )S-palmito-di8tcarin, the distinctive 
glyceride of beef and mutton fats, the diSerenco 
is only Od In the case of lards melting between 
01“ and 06° the m.j). of the glycerides added to 
twice the difference between ihe m.p. of the 
glycerides aryi their fatty- acid.s should not be 
less than 71°. In the case of lards melting 
between 00° anii 61^ a difference of less than 
6° between the m.p. of glycerides and fatty acids 
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indfraics tho presoiice of beef or mutton fat 
wJiiJst for lards melting 


‘ hardened ’ oils, 
between aiid 08*.')' 


a difference of less than 
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name, from the Latin lafcr, a brick, was int^> 
ducod by E. Buchanan (Journey from I^fadras, 
1807), on accoftnt of the exteiis'ive use of the 


freshly quarried it is .quite soft ami easily 
trimmed into buck-shaped blocks, which harden 
on exposure, fl^he material forms surface 


3^ is indi(5ative of adulteration. Tho value of Imatcriul in India a.s a building stone. When 

this has been confirmed by Sprin^smeycr ''' ” ’ .. 

and Dl^drichs (Zeitsiih. Nahr. (Icnussm. 1914, 

27, 571), who find that it is (capable of detecting . ^... ../mi.-. ouiia.v.x> 

.7 p.c. of beef or muttf)n fat or hydrogenated oils : accumulations, up to 30 or 40 feci in.tliuikness, 
in lard. • . covering rocks of all kind.'^, particulauy igneous 

I By crystallising th<‘ fat from acetone and ' rocks (granite, syenite, basalt, &cf) and gneisses, 
dfteriiiimng the in.p.%f the fraction it IS possible ' and extending over wide areas in all tropical 
to fijCCTtain which of the spccille glycerides | regions. Whilst in temperate regions aluminons 
•predominates, Vitt>ux and Miittelet (Ann. Falsi- , silieaffe rocks yield on wf-athering kaoliuito 
licat. I#i0,13, 593), ailW JBbiner's method is then , and clay protlucts, in tropical region.s the silica* 
applied •!<) Uio fraction to obtain quantitative ■ (of the silicates) is removed iogetner with the 
remits {Id., Ann. Lhipi. anal. 1021, 3, 208). alkalis, lime, and iiiagnesia. leaving behind quartz; 
A considerable amount of lard is consumed and hydroxides of iron and aluminium. Tho 


in*tho maruifa<;ture of iafd sulistitutcs. 

TiARO SoBSTmi'J'KS consist chielly of a 
mixture of lard, or lard stearm with ‘ beef 
stearin’ (‘olcostearin’), cotton seed stearin, 
cotton seed oil, maize oil, arachis oil, sesame oil, 
coconut oil, and palm Kernel oil. In the 
infancy of this industry tj|cse artiticiai products 
were sold under such names as ‘ refined lard,’ 
‘ commercial lard.’ Other x>rodu(;ts [c.g. ' lard 
compound’) contained im lard whatever, being 
judiciously prepared mixtures of beef stearin 


most abundant aluminium compound is gibl^ite, 
(AIoO.i'HHoT)), sometimes in a minutely ery*al- 
hm# condition, but more usually in flic colloidal 
form (^kliachite’ or ‘fporogchtc’); diaspore 
(AIoO^'HmO) i.s alfo sometimes ]jrcsent. Tlie 
iron comjiouiuls, including mainly limonite 
t<igi‘ther with turgite and goethite, are also 
principally in the colloidal form. Hydrated 
aluminium silicates, kaolinito and halloysito, 
and the manganese oxides, psilomelune and wad, 
are also at times proHont. The alumina present 


and cotton seed oil. At present, however, most as gihbsitc is soluble in hydrochloric ai.id, whilst 
lard substitutes projier contain some lard, or that in the clay minerals is insoluble. Being 
ut least ‘lard stearin,' as a ba.si.s, whilst otliers mixtures of all these minerals in varying pro- 
coutain a vegetable oil ‘hardened’ to the i p<^tions the eomj>osition of lateritc consequently 
required extent by hydrogenation. The nianu- | varies between wide limits, as illustrated by the 
facturo <!on.sists simjily in mixing tho Various : following analyses 

fats, in the melted state, and oils ift a mixing i I, laterite overlying nepheline-syenito (also 
machine, and cooling tlio mixture rariidly by K./.), 0*27, Na«(), 0-l7 p.c.) j li, ditto, overlying 

running it over cooling cylinders, so as to ’ ’ n. . . ^ 

destroy any tendency to crystalhsation. 

In order to hnpart to the finrshed mixtuixi 
a pure^vhite colour, it is usual to stir air into 
the fat until it%.cquires a saljm-like consistence. 

'J’ho stirring -with air must not, however, bo 
carried too fas, as otherwise thedard substitute 
not only becomes more liable to rancidity, but 
easily acquires a foamy consistence. L. 

LARD^RELLITE {Ammoninm. (lorati). A 
mineral found in tho lagoons of 'I’uscany. it 
occurs m small crystalline rhomboidal plates. 

Bs-Oa . 72-00 

{NH4)dJ <)iH3 

HgO . . . 18-11 : 

_• 

100-00 

(D'Aobiardi#(.!hem. Soc. Abstr. 1900, ii. fiOO). 

LASERPITIN, 0j5 H 2 aO j, is a bitter principle, 
tained bv Foldmann fAnnnlfin. IRRA 


diaba.se; Jlk,*ditto, overlying jieridotite ; I-tfl, 
from Frcncli (luinea (A. Lacroix, Les lat^-^en, 
de la (Jinnee, Nouv. Areli. Mus. 19137 

255). iV and V, tho extreme values shown in 
twcnty-twi) aiialyses of ffidiar^latcrites (H. and 
F J. Warth, (Jcol. Mag. 1903, 154). 


SiOa 

TiO, 

AI^CIh 

FOjOg 

Cut) 

Mg(J 

HoO 

Quartz 


Betides bi'ing used ffti a building stone, slabs 


I. 

11. 

III. 

IV. 

(max) 

V. 

(rulu.) 

2-21 

1-30 

J2-07 

23*32 

0*37 

0-12 

1-03 

0 -r.r. 

6*61 

0*01 

55-83 

00-1'J 

12-.50 

07*88 

6*67 

6-22 

3-!)l 

46-84 

56*01 

4*09 

0-24 

0-17 

0-04 

0*52 

_ 

0-lfl 

— 

1-26 

0*20 

__ 

•30-47 

32-fk) 

15-32 

28*10 

7*73 

5-74 

1-40 

10-73 

39*53 

• —' 

100-70 

100-00 100-00 




obtained by Foldmann (Annalen, 1865, 135, ; of laterite arc used in India for the construction 
236), by extraction of white gentian root | of irrigation works. T|jic material grades on the 

--t other 

manganese 
%» workable 
variety, containing 


-w.s-w ..j a.. XU uxj ttuu luoiuuus ; ulOB, WHICH soineuiiicn 

la^erol I i\ also^Kiilz^Arch. I’harm. 1883, 221, ‘ deposit!?. A Calcareous 
161b • zi n I _i,. 


161). 

L^RSTEIN V. LaPIS-LAZUU 
MENT^ 

LATERITE, A 


a B. 

and PiQ. i 


residual product of rock 


nodules of calcium caiionat^ is used for tho 
manufacture of TiydrauUo cement and mortar, 
and the clayey varieties for making tiles. 

In addition to the references quoted under 


weathering, met with in tropical regions, con- j the analyses, .sec L^L. Fermor, Geol. Mag. 1911* 
sistmg mainly of hy^foxides of toric iron and ' and 1915; J. B. Harrison, Geol. Mag. 1940; 
aluminium with intermixed sandy and clayey ; 1'. H. Holland, Gem. Mag., 1903; lL*Ar6andaux, 
material. It is reddish-bfown with a mottled : Bull. Soc. fran^. Min. 1918, 36; G. C, Du Bois, 
and streaky distribution of colour, and has a ! Min. Petr. Mitt. 1903, 22; J. M. Campbell, 
concretionary and cavernous structure. The ! Milling Mag. 1917, 17. L. J, S. 




38 LAUDANLNE, LAUDANIDINE, LAUDANOSINE. 

« LAUDAMINE, LAUQAHIDINE, LAUDA- from the hemes of the laurel tree, Laurut 
NOSINE V. Opium. m^ilis (Linn.), either by pressing the pounded 

LAUD ANON. A mixture t>f opium aika- I berries or bjf boiling them with water. The 
loids. • berries contain from 24 to 30 p.c. of fat. Laurel 

LAUDANUM. Laudanum is understood in oil has,a green colour; at the ordinary tiftipera* 
this country at the present day to be the simplest ture it has a buttery conaistence; its ttfste and 
liquid preparation of opium av/ilable for medical aromatic odour are characteristic, 
purooses.# The word is an old one, and has Laurel oil is completely soluble in boiling 
undergone considerable change of meaning, but i alcohol; on cooling, crystals^of trilaurin sepa- 
its precise ori^n has never been ascertained with j rate. Judging from its high iodine value, viz.c 
certainty. j 66 to 96, laurel oil mus4* contain considerable , 


According to some authorities, the term is I 
borrowed from IfrMcnmm or Indcmum, ah oleo* I 
^ resin of Greek origin, which is collected from ! 
various species o^KJistns (?’. Oleo-rbsins) ; while | 
others derive the word from the Latin j 
praise, which is supjiosed to indicate the high I 
esteem in wliich the medicine has g,lways been \ 
hold. In discussion of this question (Pharm. J. 
fiii.] 17, 404, 424, 603, ^ 4 , 644), it is poiyteckout 1 
by Eagle that according to Mathiolus ((-omment. 
Dioscoridis Mat. Med. Lugtluni, 1563) certain 
Italians applied the term laudanum to Jabdanum, 
and thus Litti^, and Kobiii (T)ict. M6d. I’aris, ' 
1877) and others give the Italian equivalents of ! 
the two words as synonymous. This statement 1 
of Mathiolus would appear to have been the 
source of the view that laudanum is derived from 
labdanum which has been adopted by several 
lexicographers and writers on materia medica. 
Hooper (Lex. Mod. London, 1848) and Lunglison ^ 
(Diet. Med. Sc. Philadelphia, 1868) arc, however, 
on the side of the hm-s derivation, and the 1 
remarks of such writers as Orollius (Basilica j 
Ohymica, .Francofurti, 1011), Bruno (J^ex. | 
Oastello-Bnin. Norimberghi, 1(»88), Lenicry l 
(Fbarm. Universcllc, 1716), and*«thcrR arc so, 
» ^ d i Aa Jdedly in its favour that the weight of j 
evidence at q)re8ent appears to be with this - 
hypothesis. , | 

But be this ao it may,the term ‘laudanum’ i 
was applied in the 17th century to indicate ! 
solid or semi-aoUd mixtures whicli genoriilly, t 
though not always, contained opium {cf. Lond. I 
Dispensatory, 1678). These were gradually re-! 
placed by liquid preparations, of which the most i 
celebrated was that of the physician Sydenliam, j 
1644-1689, whose life was written by Dr. John¬ 
son. This was the Laudanum Uqnidum ISydtn- 
kami of the London Pharmacopoeia of 1720, and 
was represented by tbo vinum opii oflatcr medi¬ 
cine. fA itTiclura opii of simpler composition 
has, however, long taken the lead among galeni¬ 
cal preparations of opium. T'his is a liquid 
extract maa6 with diiulf spirit, and represents in 
all important rcsjiects the physiological Activity 
of the crude drug. (To this tincture the term 
* laudanum ’ was applied, both in this country 
and in the United States, notronly by writers 
such as Pereira (Mat; Med. 1863, 2136) and i 
StiU6 and Maisch (Nat. Disp^satory, 1886, 
1637), but more especially in the practice of 
pharmacy. In ao-jordafice with the international 
a^ooment of 1906, the British Pharmacopoeia 
of 1914 prescribes that tinctura opii must contain 
in 100 c.c. 1 gram of anhydrous* mor|)hino.c 
o Limit of error ±0 05 grarm'' The solvent in the 
finished pi;eparation is 45 <^.c. alcohol. The 
U.S.P. of 1916 has adopted tne same liFiits (i/. 
Opium). G. B. 

LAUREL CAMPHOR Caufbob. • c 
LAUREL OIL. Barberry oil, is obtained 


quantities of olein and perhaps also of* less 
saturated glycerides. From the characteristjcf 
numbers which laurel oft gives on^na^sis, the 
conclusion mwd be drawn that the proportion 
of laurin cannot be voiy high. The presenifc of 
laurin is, however, dennitively proved by the 
fact that on distilling laurel oil int^wudf trilaurin 
is obtained in the distillate. In the unsapouili- 
able nxatter of laurel oil, Matthes and Sander 
iderUiliod inelissyl alcohol (myricyl alcohol), 
phytostcrol, and hiurane, 

A specimen of the pure oil examined by Fabris 
au(i Settimj gave thi^ following values ; sp.gr. 
0'9r>3; m.p. 32®-33”; Ileichert-Mcissl value, 
5’4 ; and iodine value, OG‘4. ’I'he discrepancies 
in the published values are attributable to the 
crude oil containing variable proportions of a 
volatile oil. Laurel oil gives a coloration similar 
to that given by cotton seed oil in the Baudouin 
test. 

Laurel oil is only used in veterinary practice, 
It is'^slatcd to be adult(‘.rated with other fats 
(lard),Volourcd green with copper salts. 

* , J. L. 

LAUREL WAX. Myrtle berry wax{v. Waxes). 

LAURIC ACID C'i 5TJ2402 is j)rosent in many 
vegetable fats, notably in coconut oil, laurel oil, 
dika fat, and tangkallak fat. 'It crystallises in 
needles melting at 43'5% boils at under 
16 mm. pre8suro„.and at 226® tinder 100 mm. 
pressure, ,but cannot be distiUod without decom¬ 
position at atmospheric pressure. Sp.gr. at 
2074“, 0'883; tt^“I'42616. It is slightly 
soluble in hot water, and can be sloW/y distilled 
in a current of steam, so that it occupies an 
intermediate position between the volatile and 
non-volatile acids. The laurates of alkali 
metals require muefTmore salt to separate them 
from their ^‘'iqueous solution^, than the alkali 
salts of^ higher fatty acids. For example, 
sodium stearate can be ‘ salted ’ out by the 
addition of 6 p.c. of sodium chloride, whereas 
sodium laurate roi^uires 17 p.c. F(y* this fbason 
fats containing a considerable proportion of 
lauric acid arc used in the manufacture of soaps 
intended for use with sea water. The salts of 
the,heavier metals are only sparingly soluble 
in water, hut are more soluble in alcohol. The 
methyl ester of lauric acid mbits at 6® and boils at 
141® under 15 mm. pressure, whilst the ethyl ester 
boils at 269® at the ordiftary pressure. The trigly¬ 
ceride, trilaurin CaHsiO'CigHgaOls crystallises 
in needles (m.p. 46‘4®), and has sp.gr. atTfeC®/4®, 
0-8687; 1-44039. It is readily soluble 

in ether, but only slightly soluble in oold alcohol. 

. ^ 0. A. M. 

LAURIN V. Laubfs hobius (Linn.). 
LADRITE. Sulphide ol ruthenium BuS,, 
orystallised in the cubic system, probably viUi 
parallel hemihedrism and isomorphous -nrith 
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pyiites. The crystals are octahedral in hahit 
with a perfect octahedral cleavage, a dark iron- 
• black colour, and bright metallio lustre. The 
material is very brittle, H 7-8, sp.gr. 6-99. The 
only analysis of the natural mineral gave 
S Sl-fl, Ru 6618, Os [3-03]=100 p.c. (F. Wohler, 

1869),* this approtimates to the formula 
(Eu.OsljS,, but artificially produced crystals 
agree closely with RuS^ in com^offltion. Before 
the blowpipe it* decrepitates, gives first sul¬ 
phurous and then qsmic fumes, and is fusible. 

It is not attacked ‘by aqua regia or fused 
bydrbgen potassium sulphate, but is^ decom¬ 
posed ^by fused potassium hydroxide _ and 
nitrate. Its is of rare occurrence as minute 
ootohedl'a and grains mixed u4th fine-grained 
platinum from the platinum washings at 
I’outijn in the Tanah-Laut district in Borneo ; 
atid has nlso*been rejrorted as occurring with 
platinum in Oregon. L. J. S. 

BAHROLEHE and iiS'O-LAUROLENB, hydro¬ 
carbons of the formula CgHn, first obtain^ by 
tho distillation of various camphor acids or 
their salts. {See Wreden, Annalen, 1877, 187, 

171; Royher, Inaug-OisSjrt. Leipzig, 1891, 61; 

Asoban, Annalen, 1896, 290, 186 ; Hoycs. Amer. 

Ohem. J, 1805, 17, 432 ; Koenigs and Meyer, 

Ber. 1894, 27 , 3470; Uamsky, Ber. 1887 , 20, 

2969 ; Moitessier, J. 1800 ; Walker and Hender¬ 
son, Chem. Soc. Trans. 1890, 7.53.) 

Laurolene, a'-1 : 2 : Z-trimethyl-cydo-penicnCt 

CH(CHj)-C-CUs 

I 11 (Eijkmann, Chem. Zentr. 

CH,-^H,—C'CHj . 

^^Freporoftbis.—(1) By slowly di^iUing cam- I zinc-dust in 90 p.c. alcohol, yields dihydro-mo- 
phanic acid in an atmosphere of CO, (Aschan, 1 latinhne (Ij^l = 2-trimethyl-q/do-^ntene).^^^^ 
l.c.); (2) by heating sulpliocamphylic acid at " ' ' ’ - - - " ■ 


cpclo-pentene (c/. Eykman, Chem. Weekblad, 
1907,4,191 ; Bredt, J. pr. Chem. 1911, lii.] *3, 
400. 

iso-Laurolene, £L*-hl:2-trimetliyt-cych-pentenc 

ClCHslj-C-CH, 

I II 

CHj-CHj-CH 

(Blanc, Bull. Sod! chim. 1898, 19, 699 ; Compt. 
rend. 1906, 142, 1084). Formed Uy dry dis- 
tillstion of campbolytio acid, sulpliocamphylic 
acid, iso-campholytic acid, &c. (Walker and 
Henderson, Chem. Soc. Trans. 1896,763).^ Pre¬ 
pared from wo-lauranolic acid by heating in 
sealed tubes for 4 hours at 300'’ (Blanc, BulU 
Soc. chim. 1898, 19, 699); onby distilling with 
1| times its weight of pure anthracene (Crossley 
and Ronouf, Chem. Soc. Trans. 1906, 41). 
Blanc synthesised it from oa-dimethyladipic 
acid via dftiethyl-cycto-pentanone (Compt. #nd. 
148, 1084). ..,*., 

It ds a colourless, 4lobiie liquid, with sweet 
eamnhoraceous oalour; b.p. 108°-108'2° at 
742 'mm.; sp.gr. 0-7953 at i°/i° ; 0-7907 at 
10710°; 0-7867 at I.5°/15°; 0-7830 at 20°/20°; 
0-7795 at 25726°; mol. mag. rot. 8-749 ; mol. 
refraction 60-666 (Crossley and Renouf). Oxi¬ 
dised by HNO3 to oxalic acid; oxidised by 
dilute KMnOj to dimethyl bexanonoio acid. 

CO(CH3)C(CH„)3CHjCH,-COOH, 
with HgClj solution gives a sticky amorphous 
preciintate. Combines with 2 atoms Br, forming 
2i; 3-dibromo-l: 1 : 3-trimothyl - cych - pentane, 
m.p. 80°-86°. Heated at 125° with fuming HI 
yields the hydriodidCt which, on reduction with 


17O°-180° with aqueous Hsl’Oj (Koenigs and 
Moyer, l.c.) : (3) by treating araino-lauronic 
acid udtb HNO, (K. and M.). Synthesised from 
aS-dimethyladipio acid vie* 1:2:3-trimothyl- 
cpclo-pentanol^Noyes and Kynakidos, J. Amer. 
Chem. Soc. 1910, 32, 1004). 

Rroperto.—Colourless liquid; b.p. 120°- 
122°; 8».gr. 0 8097 at 4°/4°, 0-8048 at 10°/10°, 
0-8010 at I6°/15°, 0-7974 at 20°/20°, 0-7939 at 
25°/25°; mol. mag. rot. 8-987 ; mol. refraction 
61-114 (Crossley and Renouf, Chem. Soc. Trans. 
IWO, 26); has a sweet dHour resembling cam¬ 
phor and turpentine. Rotationsvery irregular, 
varies from 0° to -f-23° and —2u°. Combines 
with 2 mols. Br in chloroform solution; oxi¬ 
dised by HNO> to oxalic acid (Crossley and 
Reflouf); oxidised by dilute alkaline KMn04 
to a diketone, b.p. 204° at 750 mm. (corr.)^ 
which yields a disemicarbazone, m.p. 194° 
(corr.) (Noyes and Derick, J. Amer. Chem Soc. 

1909, 148, 1609; Noyes and Kyriakides, ibid. 

1910, 32, 1064 ; Noyes, ibid. 19^), 32,*1068; 
1910, 32, 1001). Witl^fuming HI on tho water- 
bath yields MurdUne Iiydriodide, a greenish- 
brown, unstable UqtiiA which, heated with zinc 
dust in 90 p.c. alcohol, 3deld3 dihydrolaurolene, 
1 s^^-trimethyl-cyc&i-pentane, a« a eolourless 
liquid, b.p. lll-6°-U4° at 760 mm.; unacted 
on by Br or KMnOj. It has sp gr. 0-7718 at 
4°/4° ; 0-7670 at 10710° ; 0-7633 at 16716° ; 
0-7596 at 20°/20°; 6-7667 at 26°f26°; mol. mag. 
rot. 8-332 ; mol. refraction 61-138. 

For its synthesis p. Noyes and Kjrtiakides 
l.c. it has the structure a'- 1 ; 2 -. 3-trimethyl- 


Dihydrdfso-lauroleno can also be obtawied 
by heating tso-Iaurolene with HI nt 200° orj?-*!* 
COHO. H.SOj (Zelinsky and Lepcachkin, .1. Russ. 
Rhys. Chem. Soc. 1901,,?3, 549; also 1899, 31, 
407). It is a colourless liquid, having a sweet 
camphoraceous odour, b.p. 113°-113-5° at 
7ii0 mm.; sp.gr. 0-7847 at 4°/4°; 0-7800 at 
10°/10°; 0-7702 at 1.5°/15°; 0-7727 at 20720°; 
0-7694 at 25°/26°; mol mag. rot 8-249 ; mol. 
refraction 01-078 (Crossley and Renouf); Blanc, 
BuU. Soc. chim. 1909, [iv.] 6,24; KondakofE and 
Schindelmeiser, J. Russ. Rhys. Chem. Soc. 1911 
43 992 

’lAUHOTETANIHE CyH 23O5N occurs in the, 
bark o! %ilftea citTaJa. (Blame), and in many 
East Indian lauraceous plants (Greshpff, Ber, 
1890, 23, 2546). It crystallises in needles, m.p. 
134®, gives crystalline salts, ^haves as a 
secondary amine, oor^ains thi'ee ‘OMe groups, 
and jfrobably one hydroxyl ^roup. it exerts a 
tetonising action in frogs, hut is less powerful than 
strychnine (Filippo, Arch Vharm. 1898,236,601). 

LAURU8 •NOBILIS (Linn.). Bay, Sweet 
Bay {Laurier commun, ; Ijor^^er, Ger.). 

Tho clasuo or noble laurel or bay tree is in¬ 
digenous to^he Levant and is found all along 
tho shores of Mediterranean. The leaves are 
used as a flavouring agent, and both the leaves 
and fruit were formerly employed in medicine. 

The ^ruit, or so-called bay berries, was 
analysed by BorAstre (J. Phann. Chim. [».] 18,* 
30) and by Groiourdi (J. 1861, §62). Besid^ 
common constituents, bay berries contain solid 
and liquid fat, volatile oil, and &pecidiar camphor, 
• ‘From the fat, Marsson (Annalen, 41, 330) 
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isolated lauric acid Cj 2 li 24 ^ 2 ‘ subse¬ 

quently found In numerous other fats (c/. 
Heintz, J. pr. Chem. li.j 6(5, 1). Glycerin 
trilaurate or inlanrin is 

associated in llie fat with the glycerides of' 
oleic, Imulcic. ]ia]niitic, mynstic, and stearic acids 
(Staub. Nat. Dis]). 1886, 874). 

'Phe aualyticai constants /Tf the expressed 
" oil after ^cing Ireod from the volatile oil are 
given by Matth(‘s and Sander (Arch Pliarm. 
1908, 246, who have also investigated the 
resinous unsaponifiabic matter which is present 
in the tatty oil. 'I'liis was found to contain 
myricyl alcohol; 41 /i/iy/o.s/crof <’• 271144 (^ 1120 , 
'colourless iio,cdles, m.]). a hydro¬ 

carbon, Inaranc O^olUa* which crystallises from 
alcohol in slender needles, lueltuig at 69'^; and 
an aromatic unsaturated oily substance. 

Jlonastve (J. Pharm. ('him. jii.J 1/), 36; 11, 
3) was the lirst to distil a volatile oil from bay 
berries; yrcld 1 ]).o. Jt has been stu(yed«by 
Porckc (Arch. I’hann. (11 } 17, 177); Hrandcs 
{ihul |iij, 22, 1(50); Pley VKep l*harm. 48, 
96); (Jladstone (('Jicm .Soc. 'J’rans. 17, 3: 
25, 1) ; Bias (Aniialcn. 134, 1) ; Wallaeh {dud. 
252, 94); and Brulil and Muller (Per. 2.5, 547). 
'J'lie specimen examined by the last •mentioned 
investigators distilled belAveen 175^’ and 275^ 
under ordinary jnessure and left a viscid residue. 
'I'Jie distillate contained luunc acid, and after 
treatment with jiotasli and digestion with 
sodium, yielded a liquid, b.p 167 -171'’. 'j’lu.s 
liquid was found to consist of eiueol, pineiiK, 
and other hydrocarbons, and is probably the 
substance described a.s laurrne by the earlier 
observers. 'I’ho crude oil also' cuiiiain.s large 
proportions of alcoholic or ketonie compounils 
whim'll, like menthol or camplior, rtirnbiiie with 
the salts so formed being decomposed 
by w’ater. , 

Bay canijdior or linrin C 22 H 30 O:, was iso¬ 
lated by Boiiastre^J. l^iarm. ('him. [ii.j 10 , 32) 
and furtlier investigated by DeJtls (,J. jjr. (.diem, 
[i], 68 , 434) and Marsson (Annalen, 41, 329). T^c 
yield is about 1 p.e. it consists of prismatic 
crystals ivithout taste or smell. It is insaiublc 
in water, but soluble in alcohol and ether, and is 
chemically neutral and indilTerciit. 

The leaves of Jjauriw iiuhilis also contain a 
volatile oil, 1) 0*92ir>-0'9361 ; aj,“16-95°; yield 
,2*4 p c. Examined by Timms and Molle (Arch. 
Pharin. 1901, 242, 161), free acetic, Asobutyrie, 
and {i 60 #) valeric acids were found to be pi'cscnt, 
also about 1*7 p.e. of free cugenol and about 
0*4 p.e. of eupnolic esters. 'I'he acid obtained 
by hydrolysiilg the oil liv alcoholic pota.ssium 
hydroxide consisted mainly of acetic acid'; the 
other volatile acids ijirescnt were probably 
valeric and hexoic. A monobasic acid ('loHjtOg, 
m.p. 140®-! 47”, was also obtained. On Irac- 
tionatiiig the oil, after ttie removal of the free 
acids, phenols, and esters, ciiicol was obuined. 
'J’he yield of cineol was equal to 50 p.e. of the 
original oil. From fractions bet,weeii 212® and 
230®, geraniol was isolated. The fractions of a 
still higher boiling-point contain oxygenated 
compounds, probably a sesquiterpene alcohol 
•associated with a sesquiterpctic. Odicse frac¬ 
tions, and also the original oil,• give an intense 
blue coloration when dissolved in glacial acetic 
acid and bromine vapour is blown over the 
surface of the solution. « 1 


NOBILIS. 

The volatile oil of the leaves of the aMied 
Californian laurel, Jlmbcllnlana califormca 
(Nutt.), contaiiiH the following substances in* 
approximately the percentages given : eugenol, 
1‘7; /pincue, 6-0; cineol, 20*(3; umbelhilonc, 
(iO’O ; iafrole, a very small proportion ; ^genol 
methyl ether, lO'O; and T-races of fatty acids. 
IJmhelhdonc. is a colourless oil, 

boiling at 2in®-f20® (749 mni.), [alj,~37°, and 
has an odour qpmewJiat rcsomtliiig mint. It is , 
a ketone; for constituticfi and jirojicrlies v. 
Somiider, Ber. 1908, 41, 5988; ry. also Ti’tin, 
Choin. Soc. Trans. 1908, 93, 262. . 

'I’he volatile oils obtairv'd from iMiirvM nohdi,', 
must not bo coiifu.scd with others bcfiring similar 
names, such as^'commcrcial bay oil or baybojry 
leaf oil {Olcim Prmrntac, D.S.P.) distilled from 
the leaves of the West Injlian tree Pmc.nUt ams 
(KoMtol.), wliieli is the flavouring* agent in f-Jie 
toilet prejiaratioii known as bay i;uni (Markoe, 
Phurm. d. I iiij, 8, 1005 ; Kiisc, dud fiii], 13, 39); 
luuiel oil of (liiiami, natural oil of Jaurci, or 
ociitea oil, derived from a tree of Spanish ^Imana 
(Stcnhoubc, (Iheiii. ,S<»c. Mom. J, 43 ; 2,121): or 
oil of common or rhoPry laurel, J^rumr.'i Ijinro- 
nrayas (Linn.) wliich is similar to volatile oil of 
bitter almonds. (L B. 

LAUTARITE. (.lalciuni iodate ( ^{lOa)^, 
crystallised in the monoclinic system. The largo 
(up to 20 giams), coloiirle.ss or yellowish cr 5 'HtulH 
are prisiiuitio 111 habit and usually arranged in 
ladiatnig groups. ISp.gr. 4-.59 ; slightly soluble 
in wafer; siduble m Jndrochioric acid with 
cvolulicvi of chlorine. 'I’jic mineral is found in 
the Chilcai^ nitrate cJe])osits, esjiecially at the 
Laularo works near Taltal, wii^re it is often 
enibeddod in bands of gypsum. Since these 
dejiosits are the priiicipa) source of iodine, it is 
ju'obable that the minerals lautaRde and diet/.f‘itc 
(f/.v.) are there widely disseminated, (’^rystals 
«>f calcium iodate have been obtained artificially 
from fusion in sodiuln nitrate. L. J. S. 

LAUTIFS VIOLET v. Amines ; Methylene 

BLUE. 

LAVA. A name of Italian origin applied 
not only to the molten material pourefl out on 
the eartli’s surface by volcanoes, but also to tho 
same material after its solidification as a volcanic 
rock, 'i’lic pctrologiod term mayma is applied to 
tlie molten material itself, whether erupted at the 
earth’s surfac^or not. and froif which igneous 
rocks of ^whatever kind have consolidated, 
including the deeji-scatod plutonic rocks {c.g. 
granite) as well as the surface lavas or volcanic 
rocks, yuch material consists in , all cases 
mainly of silicates, but with a wide range in 
composition--from ‘acid’ to ‘basic.’ Tho 
silica percentage may vary between 80 and 40, 
tho bfilarico consisting mainly of oxides of 
aluminium, iron, calcium, magnesium, potas¬ 
sium, and sodium, t(5getthcr Vith some water. 

Ill the most acid types {c.g. rhyolVc) the excess 
of silica over that requi#6d‘to form silicates is 
present as quartz,^ whilst in the mostjmsio 
types (f.t/. limburgite) the excess of 'fetes 
separate out as magnetite and ilmonite, or less 
dften as corundum and spinel. As examples of 
tho extremes in coinposirion of lavas, the 
following anaJ 3 ^e 8 (by J. H Player) may be 

^ Except, of course, in the case of wholly glassy 
rocks, ill which no inliicraL have crystcllised out. 
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qudled: I. rJiyuht© from C‘. Antrim; II. 
Jimbuigito from Haddingtonshire; 

HiOa TiO. AlaOa KoaOa FoO €aO MgO KjO NajO JIjO 
I. 7(U— 14-5i 16 ~ 06 — 4-2 18 16 
11. 402 2D 12 8 4-0. 10 410-4 irD 0-8 2 7 3 4 

'l'}\ rocks of the more acid type are falor in 
colour and lower in (Icnaity, whilst those of the 
more basic types are darker ayd heavier. The 
former are also ^iiuch more viscous and less 
^ ready to crystallise than the lattes. The texture 
<tf volcanic rocks (ksnends very much on the 
c?)ndjlions under whicfi they have cemsolidated. 
.When cooling has taktm place rapidly glasses 
are forfiod {p.g. obvsidhin, g.??., or volcanic glass), 
whilst ij life cooling has beem prolonged the 
wl^ile material may he crystallisod. Usually, 
botii glassy and cryStalline material are intor- 
nnngled, the small crystals being set in a glassy 
base. With the release of pressure accom¬ 
panying the pouring out of lavas, the wj^tor and 
gases oeeludcd in the magma give risii to 
vesicular cavities m the mass, m which secondary 
inincrals are freiiucntly segregated. An extreme 
example f)f this is allorded by jmmice (q.v.). 
\'olcanic rocks, represenlTiig the lava-flow.s of 
ancient volcanoes, oi-cur inter-bedded with the 
sedimentary rocks of all gcoiogicai periods. 
They hnd many practical a])j)lications, c.(f as 
building stones, jiaving stones, road-inotal, 
eoncrctc, millKtoiios, (cv. 'I'ln; hauling typos— 
rhyolite, obsidian, xnimice, traidiytc, andesite, 
lihouohte, basalt—are further described under 
tlieir respoetive headings [q.v.). • 

Miicli detailed jictrograjihical study and 
numerous chemical analyses have boiui made of 
lavas, and mady names have been introduced 
for special varieties. Reference may be made to 
the text-books of geology {c.q. Sir A. Geikie) and 
petrtilogy (Sir J* J. H. Tea!!, A. Uarkcr, F. H. 
Hatch,^J. r. Iddings, li. Roscnbusch, and F. 
Zukel). jb'cc (dso F. W. Clarke, The Data of 
Geochemistry, ^Jull. U.S. GcoK Survey, 1008, No. 
3110 ; 4tli.cd. 1020. No. OOo. A large tiumber of 
analyses are tabulated by H. S. Washington, 
Frof. J^aper U.S. (ieol. Survey, 1917, No. 90. 
The lav* lakes of Hawaii afford excellent 
opportunities for the study of molten lava, <src 
F, A. Ferret, Ainer. J. Sci. 1013, vols. 35 and 30 ; 
T. A. dagger, ibid. 1915, vols. 39 and 40. 

• L. J. 8. 

LAVENDER, ^iL OF. v. OlJ.S,Tfs3ENTlAI,. 
LAXANS. LAXATOL, LAXEN,. LAXIN, 
LAXOIN {Pergen). Tratlo names for 2 ^ficnol 
])hthalein when used as a purgative. 

LlVZULIJE. A comparatively rare mineral 
•occurring as sky-blue monoclinic crj'stals of 
pyramidal habit. It is a basic phosphate of 
aluminium, magnesium, and ferrous iron, 
Al 2 (Fe,Mg)(OH) 2 F 2 () 3 . This name is ^sily 
confused with the name lazurito • (v. Lapis- 
lazuli). • • • I.. J. s. 

LAZURITEtt;. L.u»is-LAZULI. 

LEAD. Syns. ; Plomh.: Plumbum. 
Sym. \^. At.wt. 207*2. 

—Native lead is said to hifve been 
found at Grassington and Alston Moor, in certain 
mines in the province of Guanaxuato in Mexico, 
and according to Ko^sharow {J. Min. 1876, 873) 
in the Kirghis Steppe, where it occurs in horn- 
stone associated witn heavy soar and cerussite;: 
also in the gold washings of Katharinenburg, in 
which it occurs in grains together with gold. 


i magnetic and specular iron (ires; als(» in Tmha 
{Geol. Survey, India, List of Minerals), and in 
Sweden, where-it has been formed from some 
i naturally-occurring compound by reduction with 
I arsenious acid. Some instances of the occurrence 
j of native lead are given by Liversedgo, m Ins 
Minerals of Now* South Wales. 

A large numbfr of lead compounds arc found 
in nature, but only comparatively fSw can be 
considered as ores. • 

'J'he princi])al ores of lead in the order of their 
importance arc galewi, cerussite, anglcsUc. Other 
less important naturally oepurring compounds 
i of load are pyromorphitc, mimetite, niaflnchte,% 
mcudipiie, pho-^gcnilc, had ocltr^ mihtum. These 
I arc dealt with under special titles. 

; The association of small quantities of lead 
I with uranium minerals was noted by Hillebraiid 
; and madc*tlio subject of ]>articular study^liy 
BoJ^wood, who suggested that the dead might 
be the^jrodiict of the dfeintegration of urauiimi 
(Amor. J. Sci. lOiO, 22, 253; 1907, 23, 77). 
'I’hc dovelojinicnt of this idea has led many 
chemists, in recent years, to the extraction and 
determination of tlie equivalent weight of the 
lead from vailio-active minerals (r. infra). 

Most ores of lead contain silver which may 
he jiresent either as the native metal or, in the 
case of Biiljihido ores, us aj’gentito or some 
mineral rich in silver, such as tetrahedrite. 
Gxidised ores (sulphate and carbonate) generally 
contain silver as halide. The amount of silver 
varies very greatly; it is usually of the order 
0*01 to 0*1 p.c. 8omo ores, however, especially 
the sedigenctic ores, are ju-actically free from 
, silver, whilst, at the other extreme, some are 
' so rich as regarded as silver ores. Si^ce 

i the silver passes into the lead when the ores are ^ 
i smelted and is almost completely recovd'ed 
from the lead by the proces.se.s of Seailverisatiou 
! and cupellation, and sinift most of the silver in 
! the world is produced by these methods from 
argentiferous lead ores, the metallurgy of 
■silvbr, in so far as this metal is won from lead 
ores, will bo described in the following pages. 

Galena is the source of most of the lead of 
commerce. Its chief modes of occurrence are 
in veins, more or less vertical and often occupying 
small fault-fissures; and in flats, or offshoots 
from veins, usually following roughly the 
bedding-pliincs and r#[)lacing limestone. Irre¬ 
gular impregnations of porous rocks like sand¬ 
stone constitute an important source in*certain 
parts of Germany and America. The galena in 
such cases is usually segregated int-o nodules, 
and is remarkably free^rom sjlver, and the size 
of the ore-bodies and the ease with which they 
can bo worked oompcnsatls for their low lead- 
content. 

i Distribution of Leap Qbes. 

In the Brttish Islands, lead ore occurs in 
rocks of all geological a^os from the Ordovician 
to the Triassic, t>ut it Ts particularly abundant 
in veins in the Ordovician and Silurian rocks of 
Shropshire CArdiganshire, and Montgoraery- 
* shire, of Loadlulls imd Wanloohhead in Scotland,^ 
and of the Isle of Man; and in veins and flats 
in rocks of Carboniferous (Mountain Limestone) 
ago of Derbyshire, Flintshire, Denbighshire, 
Northumberland, Durham, and Yorkstoc. It 
odurs also in the granite of Wicklow and the 
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Islo of Man and in the killas (Devonian) of 
Cornwall and Dovonahiro. 

In Germany, lead mines are worked in 
Devonian strata in the valleys of the Lahn 
and Sieg and iu the Hartz. In the latter' 
district there are three centres—viz. (1) that in 
the neighbourhood of Clausthal; (2) the mines 
in tlie vicinity of Andreasberg^ and (3) those at 
RammelsBorg, near Goslar. The Freiberg mines 
are in gneiss,and yield a highly argentiferous 
galena. The Silesian lead ores are found in 
irregular dei^osits in the muschelkalk, and are 
associated with ores of zinc and ir<jn. A 
uremarkablo stratified deposit of lead ore of 
Triassic age‘is tl^nt of Mechernich iu tJio Eifel, 
where a bed of sandstone is studded in places 
with nodules formed of sand grains cemented 
together by galena. 

♦rhe mines of Bleibcrg and RaibcHn (!arinthia 
are among> the most important lead mines in 
Austria, llere the or# is a very pure^ galena 
associated with molybdate of lead, and is found 
in limestones of the Triassic formation. At 
Pzihram, in Bohemia, the veins are iu Bilurian 
strata, and yield a galena very rich in silver. 
The mines arc from three to ftnir thousand feet 
deep. 

Lead is found in almost every jtrovince in 
Spain, the cliief workings being those of the 
provinces Jaen, Murcia, and Alnieria. in the 
province of .laen in tlie neighbourhood of ianares, 
two distinct systems of veins occur traversing 
the Triassic sandstone and the undcrlyftig 
granite. In the district round Carthagena in 
Murcia, the lead ores occur in veins in stratified 
and irregular deposits in •Biluriaii rocks and 
trachytes. In the province of AJyieria lead is 
found in veins in the mica schists and clay slates 
of^ho Sierra Alraagrera. Borne of the ore of 
this district iS highly argentiferous. 

The chief Italian* sources of lead arc in 
Sardinia, and may be divided into three typos 
—(1) Ore masses iiiteratratified in Silurian rocks, 
as in tho mine of Monteponi; (2) veins traverffmg 
Silurian clay slates, as in the Montevecchio 
mine, one of the most important lend mines m 
Europe ; and (3) lodes traversing Silurian lime¬ 
stones, e.y. Malacalzetta. The ore of the 
Montevecchio mine consists of galena mixed 
with blonde, iron pyrites, heavy spar, siderite, 
and copper pyrites. It lu poor m silver, whilst 
that at Malacalzetta carries about 40 oz. of 
silver to the ton. In Sardinia, the ore is, iu 
all oases, galena. There arc numerous deposits 
of load orefi(galeua) on the mainland. In the 
Brusmipiano mi^je, in'thc district of^ Milan, 
galena is found associated with oerussitr, iron 
pyrites, jamosoiiite, ^loppcr pyrites, and mala- 
. chite. At the Morso Alto mine and at the 
Boltino mine in the miring disttiot of Fioroucc, 
the galena worked is rich in silver, and at the 
latter mine is associated with fahlscz, bout-nonite, 
and native antimony ore. 

The deposits *f lead ores^in Portugal are 
very similar to those in Spain. The most 
important district is that of Mutol%, near the 
^Guadiana. The galena coi^ains about 24 oz. 
of silver to the ton, and tho cerosaite and 
anglesite associated with it are frequently much 
richer. 

In Greece, ores of lead, silver, and zinc 
occur, in mica schists, limestones, granites, 


tracfiytos, sometimes in irregular masses %nd 
sometimes in the form of lodes. The chief 
mining district is that of Laurium, at the 
southern extremity of Attica. The ore has been 
wrought and smelted there from the ejuliest 
times. • / 

In Sweden argentiferolis load ores occur in 
veins in grauula^Kmestones, interstratified with 
schists. 'The chief mines are those of Bala, of 
Lofas in Dalacarlia, and of Guldmensbytta in^ 
Westmanland. « 

In France galena containing silver and yissb- 
ciated with blende and iron pyrites occurs at, 
Poullaoucn iu lodes trai^ersing (day ^ites of 
Silurian ago. Tho lodes at Hue)gl)()t yield, in 
^ addition to ar^ntiferous galena, corussite, pgro- 
I morphite, and also native Silver and horn silver. 
Galena is found and woi^ed in several localities 
in France ; the most important idiinos arc th^se 
of Fon^gibaud in the Puy-de-I)6ipc, where lead 
lodgs tiro woikod which traverse rocks con¬ 
sisting of granite, gneiss, and schists, broken 
through by dykes of porphyry, and covered by 
I sheets of basaltic lava and beds of cinder. 

I T’ho galena is tirgciitiforous, and is accompanied 
I by bloud(i or mm jiyritcs, and occasionally 
I falil ore. 

Jn Belgium, a productive h'-ad mi'ic exists 
at Bleiberg, near Moresnet, where a vein is 
worked which traverses the Oarboniferous 
LimcalDUO and the Coal Measures. 

Load ores are found m various parts of 
Russia, c.{/. at Fkatermenburg in tho Urals, 
and in- the Caucasus. In Poland there are 
j deposits ( 4 ^ galena in the dolomitC'S of the 
; Muschelkalk, wliich liave bet'n worked for 
centuries. Tlie most remarkable mines are 
those near Olkusk and Boleslaw. Jjodes of lead 
ores occur near Chasing and lj|iclee in rocks of 
Devonian ago. Galena associated with fahl ore, 
molybdenite, iron pyrites, copper pyrifea, and 
blende occurs in lAiposits m thf^ mining district 
of NortscKinsk in Eastern Siberia. 

Rich ores of silver and lead occur iu tho 
northern Bhan States of Burma, and were 
formerly worked by the Chinese for the sake of 
the silver. Interest in this sources of lead and 
silver lias been revived, the old slags at Bawdwin 
have been resineltcd and ore has been raisool in 
large quantity durin'l; recent years. 

Auslrala^h. —In Victoria, ^galena occurs in 
several Icicahtics; that at Bt. Arnaud is argenti¬ 
ferous. In Now South Wales are the famous 
deposits of Broken Hill, where the goloua is 
intimately mixed with zinc blende. Much 
cerussite has also boon raised from this locality.* 
In South Australia, tho mines of argentiferous 
galena are situated in the southern part of tho 
oology, near Cape Jervis. In tho Chamnion 
Bay district of Western Australia both lead 
and copper ores htfve»beefl found in gneissio 
rocks. Argentiferous galena bant been found in 
'Fasniania, at the Pengifto,*and in the neighbour¬ 
hood of Mounts Roland and Claude. Galena 
containing silver is occasionally found*^‘*the 
gold-bearing roofs of Coromandel and Thames, 

*' New Zealand. 

Africa, —.^gentiferousjead and copper ores 
are found iu’some mines in Algeria, and lead 
ores are known ^0 exist in different parts of 
South Africa; these ores are found chiefly in 
the limestone formation extending from the 
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jurfction of the Vaal with the Orange River in a 
northerly and then in an e^terly diieotion to 
Rustenburg» in the north-west of the Transvaal. 
There is evidence of these ores having at one 
time J^n worked by the natives. 

Africa .—In the,United States of .America, 
pgentiferouB galena, associated with blende, 
iron, and copper pyrites, occors in the form of 
veins, in the iUlantio States; in the Azoic 
slates of New York and in the New England 
gtates; in the Stat^of New York it occurs in 
irregular deposits in the Lower Silurian rooks. 
The cjnef lead districts are, however, those of 
the Upper Mississippi Valley and the Missouri. 


Italy, 21; Greece, 18; Canada, 17. ^Smaller 
amounts, from 1000 to 3000 tons, were produced 
by Japan, Huitgary, Russia, and Sweden. 

For methods of assaying lead ores, v. art. 
Assaying. 

The following are the methods by which the 
extraction of lead is effected 

I. Method of double decompositioi^ otherwise 
known as the roasting-and-reaction, or air- 
reduction process. As the lastenamo implies, 
air aids in the reduction, and it does so in the 
following manner: 

When galena is roasted at a moderate heat, 
it is parti^ly converted into the oxide, and , 


vuv) itaisouuii. I 11/ IB pal uuiivcii/cu iiinu i/uu UAiui;, aiiu 

The upper Mississippi lead district is comprised | portion is also oxidised to thc^ulphato ; if, after 
within the States jf Wisconsin, Illinois, and i this roasting the temperature bo raised, the un* 
Iowa, the chief lead-producing district being that i altered galena reacts on the load oxide and sul- 
the tirst-ngmed State. The deposits of load ; phatc fonued in the previous stage, and metalUg^ 
ore aro found in the * galena ’ or magnesian lime- i lead is pro*duoed, sulphur dioxide l)eing evoked. 

•These reactions are represented* by the fol¬ 
lowing equations : ^ 


stone of the Trenton period of th% Lower 
Silurian formation, and cover an area of iif>out 
140 geogra}>hioal square miles. These deposits | 
assume a variety of forms, c.g. the sJieetf a solid | 
mass of oro tilling a vert^al tiasuro; this is the 
most characteristic mode of occurrence. In 
addition, other forms arc distinguished, such as ! 
an opening, a crevice wilh pocket openings, cave ' 


, , l2PbS+30j,-2Pb0-h2S0a. 
?PbSH- 203 '--PbS 04 . 
PbSH-2PbO^-.3PbH-SOj. 
PbS-f-PbS04=2Pb+2S08. 




a . , n ' . , * T . The second equation must be regarded as 

o^mngs, ^cit sheets and vertical opemv^s, m a summary one, since there is no evidence of 
all of which masHcs of lead ore occur m fissures ^ the direct oxidation of lead sulphide to sulphate, 
m the limestone. J he principal ore is a very : Probably all the load sulphate ari.ses from reac- 
pure galena, poor m silver; it is accompamed , tion of lead oxide and sulphur trioxido, the 
by blende and zme carbonate and a broi^ iron j letter being produced by oxidation of sulphur 

ore. 1 he chief deposits of the Missouri district; dioxide. 

are situated in the counties of Washington,; 'pije 

hranklin, and Jefferson. The galella is usually indicated by “Jenkins and Smith {Joura. 
associated with iron and copper pyrites, and at chem. Soo. 1897, Tl, dOd) in their study of the 
the famous Umotto mine with moke and j action of s.iphur dioxide on lead. Each e«ia- 
colialt ores. In 1. tail and the Western States, | tion represents a system of three componpiits. 


The reversibility of the reactions under (b) 


large and irregular deposits of highly argenti 
feroufiblead ore occur. 


! in four phases and is thus uzjivariant. The 


roua»ieaa ore occur. , , ,. pressure of the gaseous phase, when equilibrium 

lu Canada galena is foupd in several locab- ; ig attained, should thul bca function of the 

ties around mke Superior, a remarkable vem —. - - 

occurring at Silver Lake, some six ifiiles north¬ 
ward from Thunder Ray. A finely crystallised 


variety of galena has been found on the East 
Main col/St of Hudson’s Bay, in strata similar 
to those in which it occurs in the Mississippi 
district. 

* In Mexico lead ores ar^found in the mines at 
Guanaxuato and La Concepcion, and lodes con¬ 
taining argentiferous galena, qu»rtz and calc 
spar occur in the mining district of Tatatila and 
Zomelahuacan. 

yhe lead-production of the world for the 
year before the great European war (1913) was 
1,142,264 metric tons (1 metric ton=1000 kilos 
=2204 lbs. =s=0’98 long or ordinary ton). Of this 
vast quantity no less than 83 p.c. came from the 
following five countries:— • 

U.S.A. . • . ^9^034 meteic tons 

Spain ^ . 203,000 „ 

Germany • ^81,000 „ 

Australia . 116,000 „ 

^ttexioo 65,630 „• 

Owing to internal conditions, the Mexican 
output was only about half the normal during 
that year. The Vnited Kingdom produced 
48,962 metric tons, 30,000 of which were derived 
from imported ores. The, production, in 
thousands (d metric tons, from other countries 
was: Belgium, 35; France, 28 j Austria, 22 j 


temperature. This deduction from the phase 
laev was confirmed by 8chenck and Rassbach 
(Ber. 1907, 40, 2186, 2947 ; 1908, 41, 2917). 

The interpretation of the data of experiment 
is, however, rendered difficult by the formation 
of basic sulphates, which increases the number 
of phases present and disturbs the equilibrium 
(sec W. Remdors, Proc. K. akad. Wetonsch, 
1914, 17, 703). Son^e idea of the prewuro at, 
oquilibritfhi of the sulphur dioxide for .the 
reaction between sulphide and 8ulph*to may 
be gained from the following table : 


Temp, (degrees 

PrgMure (mm. 

/enUgmde). 

mercury). 

39 

63S 

98 

665 

201 

696 . 

402 

71S 

. 690 

t 723, 

735 


The reversible reaction between sulphide and 
oxide, viz. PSs+2Pb0=3Pb'fS02, becomes 
appreciable at a temperature (C50®C.), about 100® 
higher than that between sulphide and sulphate, 
and similar gaseous pressures are attained 
correspondingly higher temperatureB. 

II. Meth^ of roasting and sfibsequent re¬ 
duction of the oxidised compounds by means of 
^rbon. 

ni. The precipitation or iron-reduction 
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proceel, in which iron ih used to effect the 
. removal of Huipliur. 

The treatment of a lead or<t frequently re¬ 
quires the use of two, «ometiinos of all the above 
processes. 

The smelting of lead ores, of which galena is 
the princij)al one, is carried out eitlier jn rever¬ 
beratory furnaces, blast fin‘ffa''es. or shallow 
hearths. ^I'lie ore from the mines is dressed 
and freed asi far as j’ossjhie l>y mechanical 
means from th(' various minerals and gangue 
material with which it is mixed 

«> 

^ Smeltinu*in K.^iverreuatoky Furnaces. 

Tho Flinl'iliire prore.^s i.s an example of the 
methotl by double decomposition carried out in 
rcviTberatory furnaces, which vary somewhat 
iii'^msl motion and dimcnskms. 

The following is a doscriidion given by Pliiljijis 
of a Flnitshirc furvacr • 

The length of the h<‘arth i< usually about 11 
feet, and its width !♦ feet, and under this is an 
arched vault, oxtendnig tiie whole length of the 
bed to the lirc-bridge. 'Pite hearth is made of 
slag, moulded into tin* iiroper lorm when in a 
plastic and senn-fluid state. 'I’owards the centre 
of the hearth is a defiression in which tho fused 
metal accumulates, and at the bottom t»f this 
is situated the tap-luile. The fireplace is at one 
cad, and bidorc reaching the cavity of the 
furnace the flame has to ]iass over a firc-bridj^e 
about 2 feet in widtli, and from 12 to 14 inche.s 
below the arch. At the o|)]>osite extremity of 
the hc/arth are openings communicating w'ith 
the flue in connection witli a lofty chimney. 
Tim fuel is supplied through a dot^i; at one end 
^of the fireplace, in addition to winch the furnai-e 
is fTirnished ^ith six working doors, about 9 
inclics by 12, jirotected by heavy cast-iron fraine.s 
built into tho brjckwfrk and closed by iron 
plates, which can be easily removed when re¬ 
quired. Tlie bottom of this furnace is m^c 
nearly level with the d<x)rs on one of the sulcs, 
but is inclined towards the other in such a way 
ns to be from 18 to 20 inches below the middle 
door, where it ef)mniiinieatc.s with the taji-hole, 
beneath which a cast-iron ta])j>iiig ]i()t is set in 
tho ground. In the top of tlui furnace is a 
hopper, from which a fresh charge of ore is let 
• down as soon as that whftih is being rvorked is 
withdrawn. 

In wfirking this process, the charge (con¬ 
sisting of 21 cwt. in N. Wales, and from 12-14 
cwt. ill tho^north of England) is let down 
into the furnace, ydiich fs still hot from ic, pre¬ 
vious working, and i.s spread evenly ovei the 
surface of tho bed of the furnace, care being 
taken to jirevcnt it dropping into the depression 
in the furnace-bed or weli During the first hour 
and a half, thfc charge is frequently stirred, and 
the supply of air carefully regulat^ so th^t the 
temperature is kcjjt sufficiently high to ensure 
the oxidation of a portion of fhe galena, hut 
not high enough to cause the charge to melt. 
At the end of this period the doors a#e closed, i 
^yie fire is made up, tho tomj^craturo raised to | 
bright redness, and maintained at this point j 
for about 28 minutes. Tho charge becomes 
lilastic, and reaction takes place between the 
unaltered galena and tho oxidised compounds 
of lead,, and the metal so formed runs dowjt I 


i into the well of tlie furnace. At the end of this 
; period, the doors are opened to cool tho furnace, 

: and when the charge has become as pasty us 
j ordinary mortar, it is pushed hack from the well 
: and spread over the higher part of tho bed« Tho 

■ doors kre again closed ^nd the tempfraturo 
I raised by addition of fresh fuel; in this way the 
I charge is rapidly run down into tlio well of 
; the furnace, and when this,is accomplished, 
. some slaked lime is thrown on to the surface and, 
’ by means of a rake, thor^i.ghly mixed up with 
' the charge. Thus the slags and unreduced* ore 
: are cooled and rendered sufficiently pasty to 

allow of their being agaii roinoveil anciVppread 
, over tho lughqr portions of tho ftirmjrce Imd, 
wdiero they are again calcined a.s in the first 
(ilieration. 'I’his caleinalimi lasts about half an 
hour. At the end of this,stage, Ilje temperatii/e 
is again rai.sed, and the wht4e charge is melted 
down ij'to tlie well. During this stage it is 
ousl^nnary to throw a little coal slack on to the 
' charge. W’Ihoi the charge has coliocted in the 
well, some slaked lime is thrown on to it. and 
the sing.s pushed bacJ< on to the sloping side 
of the furnace and allowed to drain. The lead 
which has collc( tc<l in the well is now tajqied, 
and t.h(“ .slugs. te<-hnically known as gui/ slags, 
are withdrawn in pasty lump.s through the 
doors at the ba<k of the furnai^e. 'I'he surface 
of the metal in tho ta]>i>ing jiot is covered by 
slags and mattes, which retain mechanicajly a 
considerable jiroportion of metalhc lead, tlie 
sojinrai* ion of which is effected by stirring witli 
a jjuddlt and tlirovving on to the surface some 
coal slack,/A^hich is well worked nji with the 
molten metal. A considerable evolution of gas 
take.s place; this is ignited, and the heat ])i’o- 
duced suffices to melt and liberate the metal 
conlined in the slag. The slag i' then skiinihed 
off, thrown into the furnace, and the ]eatl,ladIod 
out into cast-iron moulds. » 

llcfore introducftig another c^‘arg(‘. the tap- 
Iiole is opel'ied to allow the lead })ioduce(l from 
the slag and skimmings to run into the metal jiot, 

■ where, it remains until the next charge is run off. 
The tap-liolc is again closed, and another charge 
of ore. drojiped into the furnace from the hopper. 

'I'his process may, therefore, be summarised 
as follows :— . 

(1) Calcination of the ore at a low temjiera- 
ture, wherebwk certain amount*of lead sulphide 

: is converted into lead oxide and lead sulphate. 

(2) Melting down of the charge, during which 
' the unaltered lead suliihide reacts upon the oxi¬ 
dised ])roducts and separation of lead,, occurs. 

(3) Tho admixture of lime with the molten 
I charge and the ‘ setting up ’ of the slag ; further 
j separation of lead from the interaction of tho 
. sulphide and the oxidised compounds of lead, 

and tho production of an excess of lead oxide and 
' lead sulphate over th^lejld sufphido present. 

(4) The tapping of th^ met«l which has 
accumulated during th5‘ operation, and tho 
drawing of the slags in a pasty condition..^ 

' 1 n Flintshire, tho ores smelled by this mefcfud 

yield 75-80 p.c. of lead by the dry assay, and of 
this, 00 p.c. IS obtained by smelting in reverbera¬ 
tory furnaces, ^he remaining 10 p.c. being ob¬ 
tained by subsequent treatment of the slags 
(of which about 4 pwt. per charge is produced) 
and fume. The time required for the working 
of tho charge is from 5 to 6 hours. 
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;rhi8 method is suitable for rich ores^con- , motal pot, followed by the rcgulua or slurry, 
taining limited amounts of silica, pyrites, and j consisting chiefly of iron sulphide and con- 
calospar. If the silica exceeds 4 p.c. there is taining most of the copper. Th^ reguUis ran 
danger of fusible lead silicate being formed. I over from the metal pot into the pit below, and 
Much pyrites loads to the formation of lead | after a time the slag began to make its appear- 
matWl and more than 10 p.c. of (jalcspar i anoe; the lip of the pot was then stopped with 
diminillios tlie fusibilk,y of the slags too much. ! ashes, and the flow of the slag tlirccted along 

In Flintshire, another process of extraction | 
was used, similar to that emi)loyed at one time ^ 
in Cornwall, the*two stages of oxidation and 
* reduction being performed in separate furnaces. : 

• The method combination of all the 

diffA'ent processes for the extraction of lead, 
utilisii^ ^ 

(1) 'Phe^^ir-reduction process, 

(2) The desulphnrisation of ^^alena by iron, 

•(,‘1) 'I’he reductiomof oxidised lead compounds ^ 
by carbonaceous fuel. 

• The ore tmated in*Cornwall was essentially 

a cupriferous galena containing on the average 
00 to 70 p.c. of lead and about 3/5 oftnccs of 
silver to the ton. • 

The calcination was performed in a rover* 
beratory furnace having three working doors, 
one on {’ither side of the furnace, and the third 
on the side ojiposite the lirc-bridge, and smaller 
than the others. Below the bed of the furnace i 
was an arched chamber, into wliich the calcined 
ore was raked through holes in the he'd opposite 
each of the lateral working doors. 'I'he furnace . - . i 
was built of ordinary rubble-work, lined intern- i IV.!. 

ally with 9 inches of fire-brick. 'Die doors 
wore hung in a cast-iron framework, 
the sides protected by slabs of granite.* I’he 
charge was introduced through a hole in the 
roof merely chi^od by a slab. Tlie cuarge varied 
from 25 cwt. to 3 tons, but usually consisted of 
about 2 tons, and was spread over the furnace 
bod and calcined at a high temperature, regulated 
so as to prevenf clotting. I’he operation lasted 
frtnu K to Ig hours, the charge being raked 
over every hour. At the «end it was raked 
through the lifles in the furnace b(^ into the 
vault below, whence it was convoyed into the 
flowing or melting furnace, which is similar to . 
the Flintshire furnace. 

This furnace had five working doors, a pair j 
on either side, and the fifth on the side opposite i 
the fire-bridge, as in the calcining process. Near i 
011(5 of the lateral working doors, the hearth ! 

8lo])ed to the one near the bridge, *vhcre the tap- t 
hole was situatedffrom which the irfttal, <lfcc.,ran | 
into an iron pot placed outside the furnace, near i 
to which was a small pit to receive the regulus j 
or slurry. The metal pot was also provided i 
with a chaifnel to convey away the slag. i 

The charge of two tons of calcined ore was 
brought into the furnace through the back 
working doors, spread over the sloping hearth, 
the doors closed, and the temperature ft.i8ed 
until the charge liras mol^.ed dowfi, requiring 
some 2 or 3 hours, mth pure ores, the lead 
produced in tlfts stage ^as tapped off, but more 
usually the charge was mixed with lime and 
ouln^jifhthracite coal) and set up on thp higher Fig. 3 is a transverse section through the 
part of the furnace bed. When barytes was lapping-hole. 

present in the charge, fluorspar was used as a« The fifc‘p]aee a is ot the usual dimensions, 
flux, and 1 or 2 owt. of scrap iron was added to and tho hearth B,«instcad of being on an arch," 
assist in the decomposition of thotlead sulphide, as is commonly 4he case in Nortii Wales, is 

The doors were again closed and luted, and supported on iron bars, on which is laid a course 
the charge melted down, Th4 furnace was then of fiat tiles. A course of fire-bricks on edge 
tapped, and the molten metal flowed into the rq^ts on the tiles, and over this is the usual slag 


tho channel by which it was conveyed out of 
the building. 

I’he whole ojieration of smelting, from the 
time of introducing the charge to tho tapping of 
tlio metal, to«»k about 8 hours. 'J’ho slag was 
Iw/’Sraaco i HuHiciontly froo from lend not to re- 

,.,,1 i quire subHcquent treatment. I ho regulus was 

oors 1 silver it contained, and 
liad ^ when sufiiciontly rich in cojiper sold to the 
■ copper smelter. 

in calcination, fi cwt. of coal were required 
for every ton of ore, tho melting down requiring 
about 8 or 9 cwt. 'I*he lead obtained was usually 
hard, and required s(*fiening at a high tcmiiqra- 
turc to remove tho antimony which it contained, 
A modification of tho Flmts^iro process is 
used at Coueron, Loire Inferieure, France, of 
whicJi the following is a'tlescrijition taken from 
Ifliiliijis's h’lements of iVfetallurgy. 'J’ho con- 
stniction of the furnaces will be understood by 
retorenco to the aecomjianying wood-cuts. 

Fig 1. IS a longitudinal section. 

Fig. 2 IS a horizontal section on the line cP. 
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bottom. The fumaoe has the ordinary number the boat that the charge may become rod*hot 
of working doors, a, with a fire-door 6, and a i without clotting. The charge is thus left undis* 


tapping-hole c ; there is a small,fireplace below 
the pot d, to prevent the too rapid chilling of 


turbed for some time. During the first hour it 
is once or twice lightly rabbled; at the oxpira* 


the lead during the process of ladling into moulds, i'tion of that time, after being well turned with 
Although similar in form and dimensions to 1 the pachile, it will be found to bo red-hot though* 
the ordinary Welsh furnace, it differs from it in out. The damper is then lowered so as tS leave 
one important particular, namely, in having the just sufficient draught for the free escape of the 
tapping-pob placed near the flue end instead of gaseous products of calcination. 'I’he working- 
under the middle door. This arrangement gives doors are now loft partially ofien to admit the 


a larger surface to the hearth for roasting tlie 
charge, and permits of the lead being collected 
in the coolest part of the furnace, wher^ it is 
yeast exposed to loss from volatilisation. 

The modoi of working varies with the nature 
and composition the ores, and depends princi¬ 
pally on the length of time required for roasting. 
Pare ores, especially those containing a notable 
-portion of lead carbonate or sulphate, require 
very little, roasting, whilst those containing 
blende, pyrites, &c., muft be calcined foi^a con¬ 
siderable time before smelting 

In general, the ores treated are derived from 
Sardinia, and contain on an average about 81 p.c. 


air necessary for the oxidation of the galena, and 
under its oxidising actii^h the charge soon 
; acquires a high temperature. Care nfast, 

• however, he taken to prevent the hea^. from 
I increasing so much as to bause softening of the 
' ore. When the heat is properly controlled a 

white crust, consisting of a mixture of lead oxide 
and sulphate, in which the former predominates, 

• IS rapidly formed on the»Burface of the charge, 
j and no fumes arc visible. 

The^jurfaco is renewed about every quarter 
, of all hour, either by rabbling or by paddling. 
The requisite heat is maintained in the furnace 
, during this process by firing with cinders only, 
which are preferable to coal for that jnirposo, 
i not merely on account of their lower cost, but 
also because they give a steadier heat and do not 
yield gaseous hydrocarbons to interfere with the 
oxidation. 

The alteniato raking and paddling of the 
charge is continued at regular intervals, until 
on examination, it is thought to be sufficiently 
desulphurised, which is generally the case 
at the‘end of from four to four and a half hours. 

The grate is then freed from clinker, coal is 
thrown on the fire, the damper ii| opened, and a 
brisk fire is got up; thus in a few minntos the 
heat in the furnace is so raised that the reaction- 
period sets in. 

11. Smelling .—The ore lying*at the back and 
^ , extreme end of the furnace is now raked tt»wards 

of lead, chiefly gaiena, carrying but little silver. ’ the bridge. With »the increase oi tem|>eraturo. 
The cobbled ores, before delivery to the furnace, | the roasteil ore soon begins to soft-en and to give 



are ground between rollers and pas.sed througli 
sieves of eight holes to the linear inch. A charge 
of ore weighs 27 cwt. 

Two men are employed at each furnace, one 
of whom, the chief, works on the foro-sido and 
takes the leading jmrl in the work. 

In the treatment of rich ores, the ordinarv 

-.Xj-.- X._ 


off white fumes, thus showing that the reactions 
which result in the liberation of metallic lead 
have commenced. Great care and attention 
on the part of the smoJtor arc, however, neces¬ 
sary, in order to prevent too great a loss of lead 
by volatilisation during the Jieating up of the 
charge. The ore mu«. on no account be allowed 


0 method of working consisj^a in roasting them in to liquefy, and as often as it shows a tendency to 
such a manner that more than one-Ifalf of the 1 fuse, some slSked lime in powfter is thrown on 
lead sulphide present in tlie ore is converted : tlie charge and well worked into it with a rake, 
into a mixture of oxide and sulphate. On raising The consumption of lime amounts altogether to 
to bright roi^oss the oxide and sulphate formed | about 2 p.c. of the ore treated. By this mtans, 
in roosting react on the jindecornposed sulphide j and by carefully regulating the dluught and 
m the charge, prc^lucing niotallic lead, stilphur I firing, the charge can be heated to the required 


dioxide, and slag. 

The process is thus divisible into two well- 
marked and distinct operations:« 

I. Calcination or oifidation. 

II. Smelting or reduction , 

I. Calcination .—Supposing a cliargo to have 
been just workeA off and thg residual slags 
withdrawn, the furnace will bo empty and at a 
red heat, '('he damper having been lowered, the 
charge of ore in the hopper, r, is •Set down 
♦through the opening in the^^rch, and spread 
evenly over^the furnace bottom by means of 
rabbles. This done, the working-doors are 
closed, but the fire-door is left open and the fire 
damj^ with cinders, in order so to moderate 


tem^rature without fusion. 

Shortly after reduction begins, globules of 
lead laay be seen on the surface of the charge, 
and before* an hour ^as nlapsed a certain 
quantity of lead has drained down the elope of 
the hearth into the wflL* The* reactions are 
much aideii by frequently rabbling and turning 
the ore but as the worlung doors must^siijj^ 
open for this purpose, a large quantity of air 
«,entor8 the furnace, thus oxidising the sulphide in 
the ore, and so cooling the charge that the flow 
of lead is checked. When the cooling is judged 
have been carried sufficiently far, the charge 
is rabbled, the ifoors closed, and the fire so 
urged as to fill the furnace with flame during 
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sertfal minutes; then, on re-opening the (Jbors 
and p^dling, the flow of lead recommences. 

At tho expiration of from two and a half to 
three hours from the onset of tho reaction-period 
a considerable amount of lead will have accumu¬ 
lated A the well. A first tapping is theikinade, 
the loSi being received in the tapping-pot, 
which is kept warm by a small fire, and the tap- 
hole is stopped with a plug of stiff clay. 

The thick dro^ which rises to the surface of 
‘the lead, and contorts a certain quantity of 
siriphido removed from the charge by the hot 
Icad^nd again separated on cooling, is skimmed 
off witl^a shovel and jjut back into the furnace. 
A little fin<^coal, together with some burning 
cinders li-nd lime, is now thrown on the lead, 
whfch is vigorously agitated with a small paddle 
and stirred until it is clean. Tt is then skimmed, 
th!b skimmingf Ixmig ^ut on one side and the 
clean lead ladled into moulds. 

'J’he firing, paddling, and cooling ^of the 
charge are repeated several times, until at^ast 
the residue becomes dry and gives but little 
load. I’hcroupon the heat in the furnace is 
considerably increased, li^t not sufficiently to 
fuse or flow down tho charge, and towards tho 
close of tlui operation the material remaining on 
tho hearth consist to a great extent of oxides. 

'I'ho pot skimmings, composed of cinders and 
load matte, are now thrown into tho furnace and 
well paddled with the charge, tho reaction of 
tho lead sulphide and cinders on the oxide and 
sulphate producing a further yield of lead. 
When this has ceased and it is seen tj|iat no 
more can bo extracted except at high tem¬ 
perature and by the addition of coaC the grey 
slag is raked through the middle door at the 
back of tho funiaoo and tho second and last 
tapping is raade^ 

The whole period of reactions occupies from 
5 to Si^oura. ^fter the withdrawal of the slags, 
the bottom is examined, and if corroded into 
boles, or in anj way injured, it is repaired by 
putting into the cavities a mixture of grey slag 
and lime and beating it smooth with the paddle. 
It is of gr§at importance to maintain tho bottom 
perfectly smooth and with a good slope on all 
sides towards the tap-hole. A little lime is now 
spread over the btittom, and a fresh charge is 
at once let down into the^urnace, the damper 
having previously been lowered te^rovent loss 
of fine ore by the draught. The weight of coal 
consumed is equal to 40 p.c. of the or<f smelted. 
The produce of lead per charge of 1350 kilos, 
of om (with 81 p.c. of load) is 16 pigs weighing 
901 kilns, find 290 kilos, of slags containing 
50 p.c. of lead. Honce the total loss of lead in 
the reverberatory furnace is 3*52 p.c. by volati¬ 
lisation ; out of this a certain proportion is 
recovered from the fume colleoted in the'^con- 
densers and flues. •A l^rgtr percentage of lead 
in pigs might ^e obtained by adding more coal 
to the charge towards the end of the process and 
firing hard, to reduce part of the lead left in the 
slagii^^t is, however, considered more economi¬ 
cal to limit the production in the reverberatory 
to about ^ p.c. of the lead contained in the 
charge, and to carry the richer slags to the blast 
furnace. This is especially the ^se when tho 
blast fumaoe is connected with good condensers 
and long flues. * 

It will be seen from the foregoing description 
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that the prooess of reverberatory smelting 
adopted at Couoron differs principally from that 
generally emplc^ed in England in .that there is 
no melting or flowing down of tho charge, and 
the period of roasting is greatly lengthened 

Spanvihfurnace or boliche. 

In tho south sf Spain, the smelting of load 
ores has been carried on for many centuries in a 
form of furnace known as tho bofjrkc. It con¬ 
sists of two chambers, separated from one 
another by a fire-bridge. One of these only is 
used fgr the reduction of the ore, and the second, 
which is situated between tho first and the 
chimney, serve.s apparentlymoderate the' 
draught. ^ 

'J’he fireplace projects from one side of the 
hearth, and is without a grate; the fuel, con¬ 
sisting of w»od, is supplied through a door atdil# 
end of tho fireplace. , 

The* smelting heartjji^ inclines towards tho 
working door, situated at the ezid of the longer 
axis, immediately within which is a receptacle 
in the floor for the collection of the metal. 

The boliche is constructed of rubble work, 
cemented together by clay and strengthened by 
buttresses built at the angles. 

The interior is lined with fire-brick, and the 
hearth is made of clay or a mixture of clay and 
broken galena. 

'J’he method of smelting is in principle similar 
to the Flintshire process. The ore, thrown into 
, the furnace through the working door, is first 
.spread evenly over tho surface of the hearth and 
then calcined. When the calcination is com¬ 
pleted, the temperature is raised and the running 
down of the charge begun. The slags are dried 
up after tho bbmpletion of the melting down'by 
throwing into the furnace the ash and breeze 
from tho ashpit. Tho metal is ttipped into a 
vessel, in which it is stirr^^ with dry leaves, and 
finally ladled into moulds. The charge consists 
of 13 cwt. of ore and 1600 to 1750 lbs. of brush- 
woud. 

The yield is about 80 p.c. of the lead of the 
ore as given by the dry assay. The grey slags 
, contain from 45 to 50 p.c. of lead and represent 
! 15 to 17 p.c. of the charge. These slags are 
, subsequently treated in a blast furnace. Those 
! furnaces have lately -been altered by English 
companies : coal replages brushwood os fuel, and 
the charges have been increased. 

Bleiberg process .—At Bleiberg in Oet^inthia, 
reverberatory furnaces of a special construction 
are used, two being usually built ^de by side 
and arranged to work igto one chimney. 

Fig. 4 represents a front eldVation, and Fig. 6 
a horizontal section. Tho hearth is about 10 
feet long, and at the back near the fire is about 
4 feet 10 inohesiwide. This width is maintained 
for about half the lengtn of the fuipace, when it 
is gradually rq^uced, until at the working door it 
is about a foot wide. The hearth is sloped from 
the back and also from theHwo longer sides, 
thus forming a depression in which the metal 
may collect and flow into the metal pot, o, in 
< front of tlffi working door, g. 

The hearth is formed of a lower layer of 
beaten clay and an upper one of iused slags, 
having a united thickness of about (1 inches. 
The fireplaces are built parallel to the longer 
ass of the furnace, and separated from the 
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iatter by a fire-bridge. The products of com¬ 
bustion pass into the cUiinnoy, h, by a flue above 
the working door. 'Die grate ispf ertone, liaving 



or tfon-reduction process. The reaction is* 
however, not complete, since some lead sulphide 
passes into the iron sulphide to form a matte, 
the amount of lead escaping reduc¬ 
tion in this way Iwing greater the 
lower the temperature. Wh^ shaft 
furnaces are cinjdoyed, the imn may 
be charged in the form of oxidised 
compounds or highly ferruginous 
slags {e..g. tap-cinder), the reduction 
of which is effected by carbonaceous ‘ 
materials; b®l with reverberatory 
furnaces, the iron must bo irf llu* 
metallic con^lition ; the cc^isunij)- 
tion of fuel IS largo, much lead is 
volatilised at the high tcm^)oraturc 
of reaction, aeid both matte and 
slag, being rieli in lead, reipuro 
relreatmrnt. Owing tet tliese flisodvMntagfs, 
the redii(;tion is seldom, or never, cairied out 
111 revef'ocraf.ory furnaces, 


Smelting in Heakthr. 

I'lio extraction A lead from gah^na by 
srai'Jting in hearths involves essentially the 
reactions of the air-reduction ]>rocess. Wheri'as, 
however, in reverberatoncs the stages of roasting 
and reduction arc in the inaiii si-paratc. 


.^reator inclination than the hea4itli, and is 
traversed l^y ojienings for tlie admission of air. 

1’lie fuel cni})loyed i^wood. but in stuv.e e^ses 
brown coal is used, and tliei^ the stone grate is 
replaced by one with iron bars. Tlie lead ores 
arc delivered to the smelter either in tlie rough 
state or in the form of slimes. In tlu^ former 
state on assaying they yield from (55 70 p.c. of 
lead, in the latter from (50 (55 i>.c. 

In smelting, a charge of 375 lbs. of ore is 
thrown into the furnace through the working 
door and spread over th(‘ heart h, forming a layer , heartiis they (►ccur side by side. Some redne- 
from I to li incht^fr thick. 'Phis is calcined at i tion, too, of lead oxide by the fuel of the charge 
a temperature low enough t o prevent the soften- takes ]>laee in the heartli process. 'I’lie ore 
ing of the charge—the calcination oeoiipying used in this proci'ss must eontain at least 
3 to 4 hours—the charge bring raked o\'(‘r at (58 of lead ami sliould be jioor in silver, 
intervals. 'Phe temjierature is next ratsed to j otherwi.se Joss of that metal by volatilisation 
bring about tlin usual r<‘iy.'tions between tlie | is great, lit is broken up siiiall^ about the size 
oxidised compounds and the unaltered galena, i of a bean, or if very lino is first sintered. The 
til?; charge being carefully rtilibled. 'J’his I iron of th(! hearth is ]irotecl.ed from corrosion by 
operation lasts from .3 to 4A hoiir.s, the metal the k'ad which fills the sump, and tlie charge 
produced cort.-itantly flowing into the depres- , floats on a bath of molten lead and is not itself 

! melted. ^ • 

Tlie furnace known as the ‘ ore lieartli,’ or 
‘Scotch lu'arth,’ is the one ehii^dy used in the 
! northern counties of England and in Lanark- 
I shire. It varies somewhat in ilimen.sions and in 
i external form at difToront works, bii/ consists 
; essentially of a .shallow rectangular heart)) built 
‘ of cast iron, set in brickwork or stone. Fig. (5 


Sion, and thence to J,he metal ]K>t. At the ■ 
end of this opeitition the slags are dried up I 
by the addition of ashes and breeze, and then ■ 
witlidrawn from the furnace. 1’he lead jiro- ! 
ducod from the ore in this way, amounting I 
from 125 to 1.50 lbs., is sujiposed to be specially [ 
pure, and is known as Jungferidilei^’’ or ‘ virgin ; 
lead.’ After the witlidrnwal of tlie slags 
second eliarge of ore is treated, 
the .slag.s produced Ixung left in 
the furnace, and to them-tho slag.s 
from the previous smelting are 
added.* 'I'hese slags are free from 
sulphide and contain lead in an 
oxidised stale only. The tempera¬ 
ture is raisca and cliarcpal added, 
the whole being Intimately mixoil 
with the rabble. The oxidised 
lead compounds are in this way 
reduced in from 7 ta 8 hotws, 
about 150 Ihs- of leadlx 
diiced. 

'Phe eompleto working of the 
two charges occOt^ies f^nm 2l» to 
23 hours, the yield of lead being 
usually aboul' 2i p.c, below that 
obtained in the dry assay This 
•method is now seldom used. 

galena with iroK in 

reverberatory furnaces .—When galena is heated i is a vertical section of the ‘ ore hearth,’ a the 
with iron, sulphide of iron is formed and lead is j hearth bottom, 22 inches square, the iron plate 
liberated. This is tlio basis of the precipitati 4 *n i being about 3 inches thick ; the sides are also 


liciiig pro- 
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t)rnpQscd’of irf)n of the same thickness, and^^ | 
tepth of the hearth is about 4j-tt inches, 'tii ; 
ront of the hearth is the work-stone b, sloping j 
com the front edge of the hearth to the metal 
►ot c, in which the lead is maintained in a molten 
tate b^a fire below. The work-stone is^about 
feet long, 18 inches brt)ad, and 2^ inches thick; 
b has a raised border about an inch high on its 
wo sides and along the front, and a narrow 
hannel 2 inches wfde and 1 inch deep runs dia- 
:onally across it. Tlg5 work-stone is embedded 
a ^iriclay or a mixtur# of slime ore and bone- 
,sh. "At the back of the hearth is a prism of • 
roll, calH'd t he back-stj^ne, n, uj)on wliich rests i 
he bcllows-jape, and above it )s another prism j 
called Ithe pi])e-.stone, with an bpeuing behiw 
o receive the l)elhi%s-])ipe. The blast-pipe 
liters at a hciglit of (U inches above the level 
tf fhe upper enfi of tlio work-stone, and when in 
vork is about 4 inches above the level of the i 
iictaJ ill the bod. 'Fho hearth is covered bv a j 
looil of brickwork, opening at the bade into a | 
lue leading to the fume diambers. Behind the I 
learth is a blind Hue or j)it uili» which ‘ heaitli- i 
■nds ’ and other mnierialsn-oming oil with the i 
ume may be coileetoi^und from winch they arc 
einoved as required, "^t the side of the h<) 0 (i is 
irii opening in the brickwork eonimuiiicating 



vith the hearth, through which the ori^and fuel 
ire charged. The opening in front can be 
cgulatcd by n movable iron plate, raised or 
[iwcrod bj^a counterjioiHo so as nearly to close 
he front the hearth. 

'J’he fuel used is cither coal or })eat, now 
nore usually coal, and the blast is supplied by a 
loots blower, driven by # water-wheel. The 
nass of agglomer^ed ore, slag, and coke left at 
he end <»f each shift is iialled the ‘ ffl'owse.’ In 
mrking, a lire of coal is made on tho^hcarth, 
-ud then a moderate blast turned on. Ore is 
lext thrown on, and wlien the hearth is provided 
rith a sliutt^'r, this is closed down. After the 
apse of a few minutes, the charge is stirred by a 
H>kcr and fre.sh fuel and ore, and a little lime 
.ddod from time to time, the fuel being thrown 
n front of the tuyere. At intervals the shiftter 
3 raised and a portion tlie charge*drawii on 
0 the work-stone, the grey slags picked (mt and 
he remainder iJtokeaf u]) and returned to the 
loarth. The charge is rabbled so as to distribute 
he As the load is formed it trieklis into 

he well, and overflow's along the channel in the 
\fork-stone into the jmt in front of the hearth, 
rom which it is ladled into moulds. Towards 
he end ol a shift fresh ore is not aided, but the 
browse ’ is- thoroughly worked up alone, and 
rhen the blast is stopped, thd grey slags are 
eparated, and a portion of thfr lead from the 
• VoL. IV.-rT. 


metal pot ladled back into the well so as to fill, 
it for the next shift. Each furnace is attended 
by two. men anti produces about a- ton of lead 
on a 6-hoiir shift. 'Fhe fuel-consumption is 
small, amounting to fi-S p.c., since the oxidation 
of lead sulphide both to oxide and sulphate is 
strongly exothermal. The grey slags contain 
35-45 p.c. of Icadf largely in the form of oxide 
and sulphate, and are well adapted for%inelting 
in shaft furnaces. The effect of^int-eriug the 
ore before smelting m hearths is shown by 
the following results obtained by Oookson, 
in smelling 400 tons of ore, yielding on assay 
81 p.c. of lead, one half of which was smelted 
raw and the otlier half after masting {?;. Local 
(loveriiiiient Report, 1878-1). Supplement con- 
taiiiiug the Report of the Medical Officer, 1878, 
280). 

• i:00 tens 200 tons 

roasted raw 

J^cad, first fire . . 7.3-10 (>0*80 

Lc^d ill grey slags ^ . 2*50 1-80 

Lt'ad in fume,* hearth- 

ends, loss, &c. . . 5*40 18-40 

81‘00 81-00 

’[’he ore hearth cannot bo worked con¬ 
tinuously, as it becomes too liot. Usually, after 
8-12 hours' wtwkiiig it has to be laid off to cool. 
Many devices have been suggested and put into 
practice in order to overcome this difficulty. 
'I’lic American hearth, first introduced at 
Ro:isie, New York, is similar in construction and 
working to tJie Scotch hearth, but differs in 
having the two sides ami back formed into an 
air chest, the air froni which is led by a pipe to a 
tuyeic at the hack ot tlie hearth. In this way 
tlie back anif fiides of the hearth are. kept cc^l 
and a hot blast is supplied. 'I'he latter has not, ' 
however, proved an advantage, fo? the loss by 
volatilisation is greatly inij^’eased This has led 
to the replaeiuneiit of this foAn of hearth by 
what is knowiTos the American water-back ore 
health, which has the three sides of the furnace 
formed of a water-cooled, cast-iron jacket. 

A recent modification of the ore hearth, in 
which mechanical rabbling is successfully 
employed, is the Newnam or St. Louis hearth. 
Tlio rabble-arms are hung from a carriage 
travelling on an overhead track, and their 
motion is ^iiiilar to t^at of the hand-rabble. 

, They work in one direction only, and each time 
i the rabbles are withdrawn from the oharg# they 
I are carried forward 4 inches by the carriage and 
are then in position for the next^troke. A 
‘ helper ’ follows the rabye with a long-handled 
shovel, pushes back the loose Aiarge and picks 
out the grey slag ; behind him comes a ‘ charger ’ 
who spreads fresh ore and fuel. At the end of a 
trip, the rabbling machiim is returned, without 
rabbling, to the other ena of the Lirnace, and 
the operations ye repeated. 

With this arrangement it has been found 
possible to douUe the*lengtlf of the hearth 
without increasing the manual labour required 
j to work it; at the same time, the consumption 
j#)f fuel is h^ved and the production of fume and 
I dust is greatly diminished. The following * 
! results arc averages for an 8-hour sfiiift, over a 
period of 4 weeks, for an 8-foot Newnam and a 
4-foot hand hearth worked side by side, the 
iabfur being the same in each case. T'he ore 
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oonsiBted of galena concentrates containing 
72‘C p.c, lead and 151 p.c. sulpliur. 

Newnam hearth. Hand hearth. 
Dry ore charged . 13,179 lbs. 6,091 lbs. 

Pig load jjroduced . 6,443 „ 2,030 „ 

Grey slag . 3,318 „ 1,329 „ 

Dust and fume . 2,328,„ 1,481 „ 

Distribution of lead in the products : 

Pig load '. . 67*44 p.c. 65*00 p.c. 

Grey slag . . 15*18 „ 16*20 „ 

Dust and fume . 17*38., 28*88 „ 

Consumption of coko r 

breeze . . 3*6 „ 8*8 „ 

Elimination of stiphur 
of the charge . 87*1) „ 80*6 „ 

It is claimed that the cost of pr(»ductk)n of 
**vaad from ricli ores and coiicentftites by this 
process is* much below that for sintering and 
blast-furnace smeltinjj (W E. Newnano, Trans. 
Amcr. Inst. Min Eng. 191(V 2139). 

iSVar/ hurth .—'Fhe rich grey slags consisting 
largely of oxide and lead sulphate, with some 
unaltered galena, obtaiii(*d in tlio air-reduction 
process, are sometimes smelted in a low-shaft 
furnace, known as the slag-hearth. I'his is a 
shallow, rectangular furnace made f)f cast-iron 
plates, ojien at the front .so that the metal and 
slags ll(»w away continuously, and furnished 
with a single tuyere. I'lic bottom- or bed-plate 
slopes to the opening, niid is covered with cinders, 
well beaten down. 'I’lic hearth bottom thus 
formed slopes from the hacik to the t)pen eye of 
the furnae .0 and serves as a liltcr to sej)arate the 
lead from the slags. ^ 

In front of the furnace is a f(»rohcarlh with 
two iron pots, one for lead, tlie* other for slag 
'J’he slag flows over from the tirst into the second 
pot, and there granulated by a stream of 
water, so that shtdamf lead, held mechanically 
by the slag. aro‘’liberated. 

The cliarge consists of grey slags and fuel 
in the forin of peat or coke; oecasioiCUlIy, 
ferruginous materials are added. The eheniical 
changes involved are tlu*se of the roasting and 
reaction imieoss, and reduction by carbon, 
BOmetime.s combined with 2 >recipitation by iron. 

Grey slags arc now usually smelted in the 
blast furnace with coke and iron slag. 

t Smelting in Blast Euicnaces. 
Smelting in reverberatorics and hearths is 
restricted^jto high-grade ores and concentrates 
containing over 60 p^c. of load and less tlian 
6 p.c. of silicaS Ores not conforming to this 
standard of compofition, as well as slags from 
the air-reduction process, roasted mattes and 
furnace iiroduets ricl^ in lead ^re smelted in the 
blast furnafo. Surface ores, or similar mixtures 
of sulphide and oxidised conp(»uiida; of load, 
may be smelted direct; ores which consist 
largely of sulp'nides ftiust first be roasted to 
remove the sulphur and convert the load into i 
oxide (and sulphate), and the roasted product j 
is then smelted with reducing a^nts, fluxe# ' 
being added, if necessary, ‘m order to slag the , 
earthy and silicioua materials of the charge, i 
If the charge contains much sulphur this is not, | 
as^ a rule, eliminated under the conditions * 
existing in the blast furnace, but it enters ento 


ooinbination with iron, copper, and lead to form 
a onatte. As the complete removal of sulphur 
from an ore by roasting (t.r. dead-roasting) is a 
difficult and expensive operation, and as many 
lead ores contain copper, some cupriferous 
matte is generally produced in blasf^furnaoe 
smelting, and from this* matte the copper can 
be recovered by suitable treatment. The 
residual sulphur of the charge thus servos as a 
means of extracting the cbpper and is itself 
removed in effecting thatjend ; from a jiractical 
point of view, too, the production of a suiall 
quantity 'of matte is advantageous in fiiat it 
proibotes the easy running of the fui%ace and 
gives cleaner slags. o 

The ehenfical reactions, already liescribed, 
by which lead is produced from its compounds 
under metallurgical eourlitions are all operative 
in the blast furnace, though to oxUmt which 
varies considerably according to conditions and 
ti^e ebrapositiem of the charge. The roastmg- 
aiid-roactioii process is gciKTally quite sub¬ 
sidiary, for the atmosphere in the furnace is 
essentially a reducing one and oxidation of 
Hiil 2 )hido to sulphate, ncccssanly, does not take 
place to any great extent. ‘ Reaction ’ between 
sulphide and su!]>hate, however, is always 
possible m the hotter parts of the furnwe, wlien 
both compounds arc present in tlm ( barge. 
Reduction of galena by ir<m, or precipitation, 
is at times an important reaction in the blast 
furnace, though it carries with it the same 
dra^’backs as were mentioned in the section on 
reverberatory smelting, viz. the jiroduction of 
excessive^ amounts of matte, which demands 
costly treatment for the recovery of load and 
copper contained in it. Eormcrly, metalhc iron 
was added to the charge ; now it is customary to 
add oxide ores of iron, roastc^ matte, and iron 
slags, i.t. materials reducible in the furnace to 
iron winch is then available fpr rewtCion with 
load sulphide. With the present methods of 
smeltingj however, the importance of these 
ferruginous materials is bused rather on their 
slagging properties than on their suitability for 
bringing about the reaction of iron-reduction. 

The tyjacal reaction of blast-furnaco smelting 
is reduction of load oxide by carbon (and carbon 
monoxide). Thus the smelting of sulphide ores 
of lead necessitates* owo very distinct operations : 
roasting of^t^e ores to c^mveii^Jthe lead into oxide, 
the sulphur being driven off as volatile oxides; 
and reduction of the roasted ores in the blast 
furnace. In no ca.so is roasting complete, in 
the sense that all the sulphur is burnt <yff and 
all the lead loft as oxide. The ^’oasted mass 
always contains some unaltered sulphide of 
lead (the amount of which compound may he 
supnlomented by subsequent reduction of 
sulphate), and lead is also present as sulphate 
and silioaie. It skoujd ba added that arsenic, 
to a large e^xtent, and some antimony, if these 
metals are present, are "volatalised during the 
roasting. 


ROASTINa OF THE OkBS. 

The old method of roasting in heaps is somo- 
times, though rarely, used for pyritio ores poor 
in lead, 'l^e construction of the heaps is 
simple. The ground is first oleai*ed and levelled, 
a bed of fine ore is laid down, and thefi the wood 
for kindling the heap. Upon the wood, the ore 
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is piled; first the main bulk of coarse ore, bver revolution in 4 minutes and roasts the charge 
this the fines and, over all, the slimes, the down to 4 p.o. of sulphur, 
whole forming a pyramidal heap which may Koc^ting in Jieverberatory Fumacts. — Me- 
vary very greatly in dimensions. At Port chanical revcrboratories such as those used in 
Pirie, N.S.W., the heaps are 260 feet long, roasting copper ores find a somewhat limited 
20 feet\|vide, and 6 feet nigh, tho^materiai being application for the roasting of lead ores. Of 
oro-slimes which are dried and out into blocks, these furnaces, some have fixed hearths and 
The sulphur-content is reduced from 12 to 7 p.c. movable rabbles, the Wethey, Ropp, and 
by this treatment. Keller furnaces; others have rovolvinn hearths 

^ Moaeting in Cj/Undcr Furnac^a .—^Thero are and fixed rabbles, c.g. the Bniutpn, Hcberloin, 
two types of revolving cylinders, the rotation and Godfrey furnaces. It will sufiico for our 
bdinc either about a horizontal or a sloping axis, purpose to describe one of those briefly, and the 
The Bruckner cylinder exemplifies the first type, Ropp Straight Lino furnace will bo solcctcd as 
The diiHonsions of thefo cylinders varyfrom 12 Iho one which has, perhaps, found most favour ’ 
by fi fee^ to Sfi by 8 feet, the charges being 4 and in the treatmerit of load ores. Reftjrencc to the ^ 
25 tons respectively. They makt?one revolution atinexod diagram (Fig. 7) wtll help to make 
in 40 minutes and ^re supplied either with clear tho description. 

stationary or movable fire-boxes, the latter The Ropp is a rectangular furnace with 3 or 
bdlng preferable whe^ roasting proceeds of 4 fireplaces* disposed on one of the long 
itself after ignition of the ore. The time taken Four or six rabbles work on tho h<iarth. Tho 
to work off a charge varies from 3 to 2 f liours, ploiTghe which stir the 0 'e are set at an angle 
according to the nature of the inatorials. of 45^ to tho rabb][p arms. These ore attached 

The Oxland cylinder is an example of the to a vertical rod passing through a slot 11 inches 
second typo. It is used Laiirium, in Greece, wide which runs continuously down the middle 
for roasting couceiitratos containing Pb, (10 p.o.; of tho hearth. An endless wire rope, driven by 
S, 20 p.c. I’lus furnace is 42 foot 0 inche.s long, power, links up these arms and passes round two 
3 feet 1 inch diameter inside; it makes one pulleys at the ends of tho furnace. I'lic com- 
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(from Schnidicra ‘Handbook of Metallurgy.’ Macmillan & Co.,'^td.i 

plete revolution of the rabbles takes minutes, j Thp advantage of a temperature-gradient in the 
and as they are outside of the furnace for more i furnace, coupled with the transportation of the 
than liali that time, thoy become cooled and | charge as oxidation progresses, from tho coeder 
preserved thereby from injury. At each end j to the hotter parts, becomes obvious. These 
of the funiacc are swinging doors, through which conditions are best attained in tho long-bedded, 
the rabbles enter and leave tho furnace. Tho hand-worked reverberatorics {Fortsrhavjelungs 
working doors are plaocdPat suitable intervals i furnace), and these furnaces have been, and still 
along the longer,sides of the furnace. Tho ore ' are, extensively used for roasting lead ores, 
is charged at one end of the furnace, traverses ^ The coftstructionofthis furnace will be under- 

it in the direction opposite to that df tho hot stood from the accompanying figures, Jor the 
gases, and is discharged at the other end, drawings of which and also for much information 
remtining in the furnace fi-8 hours. The length | respecting tho present practice of lead smelt- 
of tho heaTth varies from 100-160 feet, the j ing, tho writer is indebted to Mr,*W. Maynard 
width from 11-14 feet, in tho clear; the large | Hutchings. • 

furnaces put through 50-80 tons of ore in 24 i Fig. 8 is a front elevj^tkm of the furnace, 
hours, with a coal consumption of 13 p c., and an I which is constructed of brickwork with a lining 
expenditure of 5-8 h.p. for working the raobles. j of firo-brick, arj^ stayed together with iron stan- 
The use of meckanii^lljirabbled^umaces for | dards and crossbars. IR this is also shown the 
roasting lead ores suffers, however, from certain hopjieivi for charging ore, the ten working doors 
disadvantages.* Galftia is difficult to roast; 6, the door c Tor the withdrawal of the charge, 
it mu^be finely divided and the temperature and the door d chaiging tlie fuel. 
mu^Mferegulated so that incipient fusiem of tho Fig. 9 represents a vertical section, showing 
mineral is avoided, otherwise the fritted material tho fire-grate c, the fire-bridge /, and l^d of the 
becomes impervious to air and oxidation is^ furnace, Constructed of iron plates supported 
arrest^. With progressive conversion of sul- \ by pillars of bridkwork, which are cooled hjm 
phide into oxide and sulphate, thl risk of fusion circulation of air*below ; upon these plates are 
is lessened ; at the same time, it is desirable that ■ built tho materials composing the* bed of the 
the temperature should be increased in order to | furnace, g is the opening in the roof through 
hasten the oxidation of tho unaltered sulphide. i Wiich the or© from the hopper is discharged into 
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Lhe furnace bed, h the flue leading to a series of 
pondensing cbanibers. 

Fig. 10 is a plan of the furnace, and Figs. 11 



and 12 are vertical sections through cD and Po 
respectively. 

'Pho usual siz^ of these furnaces is fiO feet by 
10 feet; occasionally they are much longer—up 
to 80 feet—but the breadth is limited by the 
: neoes.sity of working the charge from each side, 

I The bed of the furnace is soniotinies divided into 
four heartlis, each with a step of 2 inchc^towards 
the fire-bridge, and having two working doors 
at either* side. 'J’lie <‘re is cliarged^n the hearth 
furthest removed from the fire and sjiroad out 
in a layer 3-0 inches thick. I'he roasted ore is 
! dischaitjed through on ofiening in the hearth 
i nearest fhe fire-bridge, and the ore from each ■ 
! hearth raked up in turn, so tlmt it Is flubjeeted 
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to a gra<hially incrensing temperature as the 
oxidation of the sulphide proceeds. Sometimes 
the roasted ore is discharged as a powder, in 
winch case it has to he briipietted before smelt- 
1 ing; more usually it is sintered, a sump being 
I provided near the fire-bridge (r. Fig. 9) in which 
I tlie semi-fused mass is collected and from which 
it can be into slag jxits and agglomerated 

by tamping. When complete fusion is required 
(this is not advisable wlien the or^a are rich in 
silver) the furnace sometimes has a separate 
hearth next to the flre-brMge, smaller, and at a 
lower level, than the main ones, and connected 
with them by a vertical flue about 2 feet fi inches 
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I • Fig *12. * 

i high. Sand may be strewn*on the fusion-hearth 
j before the charce is raked (m The effect of 
this is to decompose tlK^ lead sulphate, lead 
silicate being formed on fusion !ind sulphur 
trioxiclcTdrivert^off. As lead sulphate is reduced 
to sulphide in the blast^furnaq^ this method of 
treatment lessen? the matte-fall. 'Fhe charge is 
melted in this hearth, raked into slag pots and 
I broken u^ before smelting. *rhis method of 
^ treatment, slag-ro%sting as it is termed, is less 
favoured by smelt^jrs than sinter-roasting, which 
leaves the material in a porou% condition 
suitable for the blast furnace. 

Heap-roasting may be combined with 
f\r T^^ferViAratory-roasting, and any 
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of these with the metliod of blast-roasting which 
will now be-described. , 

or Pof-RoaMting .—In 1896 Huntington 
and Heberlcin introduced a method of treating 
galena, and eoiKientrates consisting of galena 
mixed with pyrites and blende ; by this process 
the ore is rapidly desulphuriswl and obtained in a 
conditio* suitalile for the blast furnace, and 
incidentally ^he sulphur dioxide produced may 
bo utilised for the production of sulphuric acid. 
In this process the oro is mixed with 0 to 
15 p.c. of lime or limestone, according to the 
proportion of sulphur in the ons and roa.s«‘d in a 
revorberatoBy fuy^ace. Tlic partially dosiilplnu'- 
ised material is transferred to a ]>car-shap('d 
pot or converter, made of sheet iron, in whieii it 
is submitted ti» the action of a Idas! of air; 
•RJring the blowing m tlie (x)nvertff, eiiergidic 
oxidation Aakes ])lace, accotnjiaiiied by oilier 1 
reactions, resiiltitig rise <)t ienijioi^iti/rc 
sufficient to bring about aggjiomeration of the 
mass. I’luR ])rinciple has boon modified in 
various ways and lias attained great im¬ 
portance, during recent years, in the jirac- 
tice of lead-smelting. 'Fhe modincations 
are concerned with tlie materials added 
to the charge and with the manner in 
which the air is supplied. In the 
original process the air is blown 
upwards through tlie charge, and 
this arrangement is adopied in 
the {'armicliacl- 
Bradford and 
Savelsberg modi¬ 
fications, which 
are thus termed 
‘fip-draught’pro¬ 
cesses. In the 
Dwight-LIbyd 
process the air 
is di'awn down¬ 
wards, by suc¬ 
tion, through the 
charge, and tJie 
term ‘down¬ 
draught’is there¬ 
fore applied to 
this process. 

The converter 
used ill the Hunt¬ 
ington - H oberlein 
procefe is shown 
in Fig. 13. 

The bl^t en¬ 
ters by a pipe 
the bottom of the ’ 
converter and the 
charge rests on a 
false bottom, 


cooled and moistened with water, is added from 
time to time in suitable quantities, the blast 
pressure being increased. T'ho method used at 
Braubach (Vrussia) may bo quoted as an cx- 
amplou 3’he ores are roasted in reverb|faiorie8 
down to 10 p.c. of sulphur. 'Phe pots hold 
11 tons. One ton of hot ore is put in first, then 
5 tons of cold ore on top. After 8 hours' blow, 
the remainder of the charge, 
5 tons, is addod cold and thd 
blow ernlimied for 4 hours 
longer. 3’he sulphur i!» re¬ 
duced, thereby, to 3 One 
leverberatory sciycK 1’, con¬ 
verters. ' 

In the Savelsberg process, 
limesli.ne and siliejous materials 
are adiK'd to t^ie oro and Cho 
inixlure lilowri directlv in the 
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{From Collins’ ‘MeiaHu%jy of Lead.’ 


G. Orifldn * Sons.) 


consisting of an iron grate, wliich serves to 
distribute the blast. When in aition, the top is I 
covered by a Imod through which the fumes 
escape; after the roaSting it completed, the 
hood is removed, the converter tipped, and the 
agglomerated mass allowed to fall some distance 

In 4-.. _1- .-1. -_ « . _V X . . 1 


converter, the proli/iiincry riiasting of the charge' 
being omitted. , 

In the C-armichaol-Brodford process, the 
preliminary roasting of the ores i^ikewise 
omitted. 'J’ho materials are mi:^ •’^.vith 

^ , f - calcined gypsum and water, and after the 

m order to break it up. Su^ a converter takes*, mixture has set it is broken up into small pieces 
a charge of 8 tons. . „ ^ submitt^ to the pot-roasting process. 

^ lo start the operation, a bmall fire is lighted The chief shortcomings of these processes 
m the converter and some hot, partly-roasted are that they are discontinuous, and the 
' ® xV ^ loW'prosBuro blast is turned on, capacity of the converters is small. Only a 

and then the mam bulk of the ore, which maj^ be comparatively thin layer of the ore is being 
either hot from the r«?verberatory roasting, or 1 oxidised at anv particular moment, the maih 
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bulk remaining inert, either in an oxidieea or then to the suotion-box, where the roasting 
unoxidised condition These disadvantages are is effected by air drawn tijrotigh the charge, 
avoided in the down-draught method of i)wight Finally the roasted ore is discharged autonia. 
and Lh'vd, the essence of which is that a thin tically at the end of the machine by the fall 
layer of fine ore is exposed to the air and the of the pallets to the lower track; the empty 
procesBWcontinuous. ^s the roasting iscfuickly pallets return in course of time to the lioppers 
accomplished, the capacity of the machines is and the cycle of operations is repeated. One 
considerable. complete revolutieJh is made in about 46 miinitcs. 

One typo of mt^chine, in which the operation ; For the efficient working of this process, the 
ms carried out, is shown in Fig. 14. It consists ' sulphur in the charge sliould not gxceed 18 p.e. 
of,a continuous series ^f pallets, 42 inches wide In the treatment of concciitratcH, either pre- 
by 24 inches long, composed of cast-iron grates liminary roasting in a reverberatory is necessary, 
with J^inch sjiaces. In the course of their or tho#concentratcs must bo diluted with poor 
revolution the 2 >allels jfass beneath the charging ores before being roasted by the Dwight-Lloyd 
hojijxn* and feceive the moistened ore, which is process. By the adoption o^a chuible roast, * 
spread about 4 inches thick ; tlionce they pass ' either in Huntington-Heberlem and Dwight- 
to the fire-box where*the surface of the charge ' Ijloyd converters, or in a double set of the latter, 
is^'gnited by fiainc pointing downwanls, and it has been found iiossible to avoid reverber- 
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atory roasting and dilution; sulphur is reduced few actual and possible constituents *of the 
to 2^-3 p.c., and in the subsequent smelting the converter charge wliich liave escaped the 
yields of luhttc and slag are small. suspicion of acting as catalysts in Ihe oxidation 

The chemical reactions taking place during of thh leail sulfihide,* though it cannot be 
blast-roasting have been the subject of much said that the claims most of them as 
speculation and discussion. The conversion of oxygen-carriers are weU established. Most 
lead sulphide into lead oxide is the reac^on of of the controversy on this subject has been * 
prime importanoe#and-thii is geueAlly assumed centred on the functiAi of the calcium com* 
to be the result of the interaction between pound|. When lime or limestoAe is present, 
sulphide and* sulphate, as expressed in the there is evidence from the glowing of the charge 
oquati^p:: on gently hea^ng tlyit reaction with galena 

♦ PK! 3 _L<iPi^en —APkn-LAon • takes place, the result being, apparently, the 

J:'i>&+8FbbU4-4FbU+4bOa formation of calcium sulphide and lead oxide 

It may be noted that a similar reaction occur| (carbon dioxide being liberated when limestone 
when barium sulphate is heated in the electric is used). I'he calcium sulphide is then rapi^y^i^ 
furnace, the process being one Hhich might be oxidised to calcium sulphate, though by what 
termed, by analogy, reductiou-and-reaction. It agency is not apparent. The result is, however, 
is li^ly, however, that some oxide is formed that no matter what compound of calcium is 
by direct oxidation of lead sulphide. There are t^sed, the oxidation of the ore is effected, for the 
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.g^icr pan*, in presence of calcium sulphate. 
The facilitation of the roasting-process by means 
of this compound has l^u demonstrated {see 
W. M. Hutchings, Eng. and Min. Joum. Oct. 
1905). It will be clear that, apart from the 
possibility of calcium sulphate acting as a 
catalyst, there are many possibilities of reaction 
among the oxides, sulphides* and sulphates of 
lead an# calcium, especially in presence of 
atmospheric pxygen. I’hat some n*action be¬ 
tween sulphide and sulphate of lead, like that 
which is the basis of the roasting and reaction 
process, takes place is evident from the produc¬ 
tion of prills of metallic lead {see W. R. Ingalls, 
Amer. Inst Min. Eng. July, liH)0). 

Of the secondary reactions which occur, par¬ 
ticular mention should be made of the formation 
of silicates of lime and calcium by the intor- 
of silica with lead oxide, letftl sulphate, 
and calcium sulphate. In the last two c^ses, 
sulphur trioxide is ewflved and the passage of 
this, at a high temperature,.through the eharge 
has undoubtedly a powerful oxidising action on 
the unaltered galena (Hutchings, l.c.). 

The possibility of blast-roasting without the 
addition of calcium compounds indicates that 
though these may facilitate the reactions, they 
are not essential to the effective oxidation of 
galena, but that the condition.s of air-feed pecu¬ 
liar to the converter-process arc jirimarily re- 
sjioiisible for the efficiency of this process. 
Mention should be made, too, of the inechanieal 
effect of the added materials, w'hatevcr llieir 
nature may be, in kcejiing (»pon the charge, and 
preventing premature agglomeration of the on*. 


Smelting the Roasted IVkes. 

There are» two types of blast furnace in 
general use, the roun^ or circular and the rect¬ 
angular. The fiftit is exemplilied by the IMl?., 
the second by the Raschette furnace. An old 
form of the Pilz is represented in the a(‘e<^Ln- 
panying diagram (Kig. 15). it is 25 feet higJi, 
4 feet JI inches in diameter at the tnyeras, 
gradually widening to (i feet 7 inches at the i 
throat, and is supplied with 8 tuyeres. I 

a is the hearth bottom, composed of four j 
courses of bricks, the lowest of conuiioii brick, j 
resting on a circular pli^te of from 1| inches] 
thick, then three courses of tirc-ferioks, all \ 
encased) in boiler-plate, made in segments 
screwed together and further strengthened by 
hoops of wrought iron; h, rhannels extending 
through the nrickwork Qnd open at b<>t)i^end.s; 
these channels. Af which there are twe, at 
right angles, allow of the eseaiie of moisture; j 
c c, brickwork forming the inner and upper part i 
of the hearth ; r/ c', brickwork /'f the boshes; i 
c" c'\ brickwprk forming the shaft; d d, the ' 
tap holes, of which there arc hjpir; e o, two ! 
slag lips, along which the slag flows into the ! 
slag pot p, consisting <ff a crst-iron conical j 
vessel; / f, blast pipes, the horizontal portions ! 
of which can be moved to and from the tuyere 
holes; the vertical portions are supplied with 
’ a sliding screw hv means of Viiich they may be 
moved^ up apd down ; g g g hre wrought-iron 
water-jackets made in sections, the construction 
of which is shown in detail in the accompanying 
illustrations. Water-jackets may also be eoa> 


stnfcted of cast iron, each segment being pro¬ 
vided with an aperture for the tuyere and also 
pipes .for cotive)^g the cold water end for the 
outflow of the heated water; h ring of angle 
iron, riveted to the outer case, serving for the 
support of the shaft during the repaii ihjf of the 
lower part of the funiace * i i, blast main of cast 
iron ; ring of iron supported by the lour east- 
! iron pillars II; w, cast-iron ^linder, flanged at 
i the top and inserted into Hie mouth of the© 
furnace, in order that the fcime an<l wa.ste gases 
may be drawn off by tht> piiie n ; o, (ffiajgiflg ‘ 
^ floor; q, outer iron casing of the furnace. The 
i water-jackets are J of an»irieh in thicknfcs, and 
! are riveted to angle iron 2‘j inched by,2 inch; 

! s 8 are side plates ovrrlapjiing by 2| inches top 
' and bottom; /, pijie.s for supplying cold water; 
j and «, pipe for tlu- niitllnw of cold water; je, 

; tuyeres, which are 2nu-ties in diameter. 

The diameter "i circular furnaces varicH 
; frojn atiout 36 to (•'» inches, the smaller being 
; used for powder^", tli • larger for lumpy ores. 

' I'hc number of tiiycri' vanes from 8 to 24, and 
I the blast jiressure f'ro^i J(l to .50 mm. «)f mercury. 

, I'hese furnaces arc Iimii«‘d in diameter by the 
; range ot penetration of tbc iilast, winch is about 
36 inelies. 'J'bey are chictly used in small works, 

: and especially in Europe All nntdern ones arc 
: fitted with the Arendts’ oi automatic .syjihoii 
! tap, winch will be desc’ sd presently, and they 
' arc usually boshed fin llie better ulili.sati<in i I 
! the lieat and redue gases and the more 
] unifoijm descent of li.e eharge. 

] The rectangulaj furnneo is de\elo]»od from 
i tiic RasC'hottc and, because of its great eapaeit\. 

' is the one almost universally us5(l in America, 
where immeiiso (piantities of low-grade ore are 
i available. 'J’he breadth of lliese furnace.s is 
I limited for the same reason as ip the ease of the 
I circular furnaces, but the length can varj^ within 
' wide limits, 'rije dimensions the sinaller 
furnaecH arc about 42 by 84 iuj^hes, the larger 
ones 48 by 156 inches; an extreme size is 62 
j by 212' inches. A view of the lower part of 
j one of the larger furnaces i.s .shown in Eig. 16. 
'i'lii.s furnace is fitted with steel water-jackets. 

Fig 17 shows a drawing of a complete 
modern rcetangulur furnace, of which the 
following is a brief deseri{)lion : 

'I’he shaft of the firnaee, a, is made of brick 
and carried a mantle ring, resting on four 
columns. In this are four eliarging doors, u, 
at the fee6 level. 'J'lie ioj) is enclosed by a hood 
closed by a damper, and the fumes arc drawn 
off into the fume chambers and bag-^house by a 
pipe (not shown in the figure). The height of 
the shaft is 16 -20 feet. 'The zone of fusion is 
enclosed in water-jackets, c, from 3|-6 feet high. 
I’hc u^.o of these, and also of cold blast, prevents 
undue volatilisation and hinders corrosion of 
the hotter parts of tJiio iurnftco. The blast is 
supplied at a pressure of about 130 mm. of 
mercury and enters the furnace by 14 tuyeres, D, 
each 4 inches in diameter, which pass through 
the waiec-jaekets and are distributed along tfee 
two longer sides of the furnace. As a rule, there 
t re no tuyeres in the end jackets. The tuyeres 
are fed from a blast main, e, the connections 
being well seen'in Fig. 16. The lower part of 
the furnace or crucible, y, is built of fire-brick 
and magnesia brick, surrounded by brasque 
and securely hold by enclosing iron walls and 
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ted-pUte. A channel B-8 inches square leads The (amaoe is worked with the cneibk tall ^ 
from the orucible to the outside dllumaoe in the molten lead, and the metal naturally stands 
middle of one of the longer sides. This opens out at the same lever in the basin as in the crucible 
into a basin and constitutes the automatic tap, o. The lead may be run oft in a oontinnous stream. 
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arranged that the heat is sufficient to keep the 
lead molten. Between the lead level and the 
tuyeres is a slag tap, H, from whieh slag and 
matte arc continuously discharged. They are 
collected in settlors or forehearths, sometimes 
heated by a fire, and the matte tapped off from 
the slag. Such a furnace will put through 
l.W-2riO tons in 24 hours, with a coke consump¬ 
tion of J2 p c. of the charge. 

• The charge for bjast-furnace smelting con- 
Hists in general of oresiand mattes, roasted by 
the fiiethoda already described; earthy and 
silidous* materials either derived from the ores 
or added to produce the desired slag; slags from 
prevjous'operations, in amount up to 20 p.c., 
which are added partial to recover values present 
in them, and partly to facilitate the furnaoe- 
ruAning ; and coko, the usual fuel and reducing 
agent. Sulphide ores ri(^h in silver are generally 
added direct to the blast-furnace ehai^e.s, in 
order to obviate the loss of silver which wofld 
occur during roasting. I’ho load-content of the 
charge varies considerably: 10-12 p.c. is usually 
regarded as a minimum Consistent with the 
effective action of the lead as a solvent or vehicle 
for the silver; 50 p.c. of lead is not uncommon, 
and the average may bo put roughly as 20 i).c. 

Great care has to be exercised in tho selection 
of materials to produce the slag. Barren fluxes 
am avoided if possible, sdicious silver ores and 
iron ores from the gossans, which usually contain 
some lead and precious metals, being utilised 
where available. The objects aimed at ale to 
produce a monosilicate, mobile wh(^ molten, 
and having a s[i.gr. of 8*5. Analyses of slags of 
proved merit are given in tho following table :— 


(l*'o,Mn)() 

(Ca,Mg)0 

SIO, 

,50 

12 

28 

40 

20 

30 

• 30 

21 

33 


No. 1 is the R'oiberg type and is ^specially 
valuable for charges ndi in zinc. Slags rich in 
zino should be highly ferruginous and corro- 
spondinglv jioor in lime. I’lie amount of zinc 
ah«)uld not exceed 15 p.c. (reckoned as oxide). 
According to Hutchings (Eng. and Min. .lourn. 
()ct. 1903), zinc is present in slags in the form of 
silic&to (willemite), zincifapous magnetite, and 
zinc spinels. Alumina in slags shoiifd bo kept as 
low as j'ossiblo. ags, to be ‘ clean,Should carry 
less than 1 p.o. of lead and 0*0015 p.c. «f silver. 

An outline of the chemical reactions which 
take f)laco in the blast furnace, in so far as these 
are responsible for the production of most of the 
lead, has already been given {v. p. 50). This 
may bo amplified by a brief consideration of the 
part which the silicates play in the process. 
Silicates of lead, iron, and calcium ma^ be 
already present in,the materials olarged. In 
any case, the decomposition of limestone and 
the reduction oWerrio to ferrous oxide, by carbon 
monoxi^ furnish bases which unite with silica 
dn ^0 zffiie of fusion. Load silicate may also 
be formed by reaction of lead oxide and silica. 
Coi^lete reduction of oxide of iron by carbon 
yields the metal. Lead silicate is reduced by. 
metallic iron, but it is not decom|]%sed by lime; 
lime, however, displaces ferrous oxide from ferrous ' 
silicate, and as the ferrous oxide is in tom reduced 
to iron, this becomes available for the decompo¬ 
sition of lead silicate (and lead sulphide). The 


net result of these reactions is the production of 
metallic lead an^ a slag free from lead silicate. 

Other metals present in tho charge are also 
reduced and pass to some extent into tho lead, 
and it is, of course, all-important that the pre¬ 
cious metals should bo very completely dissolved 
in that medium. I’oppcr is largely recovered as 
sulphide, CujS, in tho matte, though^ome is 
invariably taken up in the metallic form by tho 
lead. Arsenic is partly volatilisiffi and partly 
combines with iron to form a speiss which 
carries some copj)er, lead, and' silver, and 
practic\lly all tho nickel and cobalt jiresont. 

The products of the blast furnace are lead, 
matte, speiss, slag, and Hue Ihist.* 'I’he lead, 
known as work-lead or base-bullion, is almost 
always iiard and impure, and is submitted to 
refining andi desUverising processes, which a^, 
descrilkid later. I’he malte separate^ from the 
slag fti tjjie settler or foreh^th. Its sp.gr. is D-fi, 
and should be at least one unit greater than the 
slag, otherwise complete separation is difficult' 
to attain. Mattes usually contain 10-20 p.c. 
of lead, along witli some copper, the composition 
varying within wide limits, as may be seen from 
the following analyses :— 


Composition of Mattes. 


Iron 

Okor 
. 30*5 

Przibraiti 

41-3 

Laudum 

50*8 

Dapto 

4()*f> 

JjCttd . 

. 5*1 

11-2 

7-7 

16*4 

Cop])cr 

. l(i*8 

1-5 

1*8 

3*9 

Zinc 

. l()*3 

11-6 

7-6 

6*4 

Sulphur 

. 1()*4 

22'2 

21*8 

26*0 


Mattes always carry^some silver and gold, but 
silver is relatively more soluble in them than 
gold. They •are roasted and added to blast¬ 
furnace charges, whereby the iron becomes 
available for slagging and reduction purposes, 
and a new matte, enrichei^in copper, is formed. 
When the copper-content rises to 10 p.c., the 
mattes are roasted down to 3-4 p.c. of sulphur 
aiK^theu smelted with liquation-residues and 
silicious copper ores. After enrichment to 
30-40 p.c. of copper, they are usually sold to tho 
copper smelters and treated for copper by the 
converter, or some other, process. 

iSpetss is formed in blast-furnace practice 
only when the charges are rich in arsenic or 
antimony and iron. essentially an arsenide 
(and antim%nide) of iron, carrying some silver, 
a relatively large amount of gold, some le*d and 
copper, and practically all the nickel and cobalt. 
Except in isolated oases, the last two metals 
are of i^o imjiortance in yiast-furnac? products; 
a speiss rarely contains 6 p.c.‘of them. Some 
Freiberg spoisses, however, have more than 
double this amount. 

The composition of speiss is illustrated by the 
following table of analyses (values, ger cent.) t— 

• 0 

CoMPOsraoN OF Speisses. 


Frzihram 

Ldiirhini Bfadvllle 

Freiberg 

Silver 

O-037 

0011 

0-008 

0-077 

Iron . 

01-3 

63-8 

60-6 

17-8 

Arsenic « 

18-6 

20-'; 

31-6 

23-4 

Antimony . 

2-4 • 

— 

— 

C-5 

Lead 

1-7. 

0'5 

1-6 

11-2 

Copper 

1-9 

00 

0-4 * 

24-3 

Nickel and 
. cobalt 
Sulphur . 

]2-f 

— 

0-1 

11-3 

^ 9-6 

I'O 

0-8 

3-6 
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Speiss ig degilverifled by smelting in the blast 
fumaoe; copper passes into the matte and 
nickel and cobalt are concentfated in the new 
s^iss. Thus, a raw speiss containing 6 p.c. of 
nickel and cobalt and 0*1() p c. of silver yielded 
on smelting a now speiss containing 16 p.c. of 
nickel and cobalt and only 1) 05 p.c. of silver. 
Rich .sp^sses may be roasted with pyrites, when 
the arsenic is volatilised as sulphide, and the 
residues smelted with silicious addition.s in tin* 
blast furnace. 

Slags hav'O already been eonsidered with 
respect to their c()m]K).sition and fitness^for the 
smooth running of furnace work. 'J'he clean 
separation of slai|» from matte {and speiss) is of 
great importance, and depends largely on their 
relative fluidities and speeifie gravities. Matte 
^dissolved to some extent by slag|,acidic slags 
^ssolving less than basic, and caicaremis less i 
than ferruginous slag^ e i 

Flue dust. —'I’he methods for the collection 
and treatment of this will l>e riescribed later. | 
'I'he waste gases from the blast furnace contain ! 
5-10 p.c. of carbon monoxide, and l.'V20 p c. j 
of carbon dioxide, the remainder being chiefly ! 
nitrogen. ’ ' 

Tlie loss of lead in the blast furnace is variable, i 
7 p.c. on the dry assay being considered satis- i 
factory. 'I’hc loss of silver is very small by this : 
method, whereas in the ronsling-and-reaction 
process the average loss is about 1’5 p.c. 

'J’he basis of the modern American and 
Australian practice of lead-smclting is blast 
roasting'of ores, either by the Huntington- 
Heberlein or Dwight-Lloyd methods, either singly 
or combined. This is soitietinics preceded by 
roasting in cylinders or rcverbci'atories and is 
followed by smelting of tlic roasted ore, with the 
addition o^ suitable fluxes, in rectangular, 
water-jacketed furnaces of large capacity. 

3n order to* ilhfttrate the yirinciples and 
method.s doscrilx'd above, some examjiles of 
blast-furnacc smelting will now be considered. 

Examclks of 8meltinc5. 

SmeUi)ig at ('hntsihal.—AH an examjile of 
the practice of the ‘iron preeijntation ’ yiroocss, 
the. treatment adopted at (.llausthal may l>e cited. 

The ores are dressed and supplied to the 
smelter in the form of ac/d/cy, having the 
average composition♦ 


Lea*li . 

. 50 7 

toTsn p 

Silver. 

. 0-5.5.'- 

()'J83 

Copper • 

. 0*02 

O-fi 

Zinc . ■ « . • 

. 0-3 

„ 4-> 

Antimony . 

. 0-02 

„ O-.'l 

Iron . . .* 

. 0'4 

3-7 

Sulphur 

. 8'r> 

H-2 

Alumina . . « 

. 0-07 

„ lo 

Lime • . 

. 0-2 

1-4 

Insoluble residue . 

. 5*9 • 

32-4 


The furnaces are circular, 2?> feet high, foot 
in diameter at the tuyeres, and 6 feet at the 
throat; they are furnished with 4 tuyeres. 

The charge consist of sr^lieg, lime, roasted' 
lead matte, slags obtained^ in smelting ore, 
and slags obtained from the smelting of matte, 
together with Oker slags, the*residue left in the 
wet extraction of copper ores. These two last- 

^ Karl, Orundrlss dor Metallhuttanknnde, p. 60. 
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named materials supply the iron required for 
the reduction of the lead ore, the former as 
silicate, and the latter as sesquioxide. 

The following is an example of the com- 


position of the charge:— 


* 

Cwt. 

Ore. 

100 00 

Lead fume ...... 

1-01 

Jjead .scTRpings from tlie smeUing house . 

003 

Roasted lead matte . . . . 

47-6]i 

Sehlieg scrapings from th^ (Charging floors 

1;21 

Oker slags. 

♦ iO-OO 

Slags from the same process . . 

3'70 

Matte slags. . . 

42410 

Slags from .schliog smelting . *. • . 

54 00 

• 

31000 


77ie producia obtained are Work-lead, Jf-ad 
matte, and a slag containing some lead. 

Twf) analyses of the work-lead arc given in 
Ihf following table : — 


Lend 

. 98'8;n8 

98*9648 

('o)>]»or 

$ 0*1862 

0*2638 

Antiinuny . 

. 0'.5743 

0*7685 

Arsenic 

. 0*00()9 

0*0074 

Hismuth . 

0*0039 

0 0082 

Iron 

. 0'(K)3r) 

0-0028 

Zinc 

. ()*(M)25 

(60028 

Nickel 

. 00023 

0 0028 

Cobalt 

. 0-0006 

0 0003 

Cudiniuin . 

trace 

trace 


99*6130 

100*0414 


4 

TJie lead is refined at IvautA'nthal, or, if it 
contains suflicient silver, is desilvcriscd by 
J’arkes" process. The average silver content is 
; 014 p.c. ^ 

j 'I’he following analysis gives the cormiosition 
of the lead matte: * ' * 

iSul])hur . . *. 2(r877 

Irftn .... 53112 

Lead .... 10-655 

(’opjier .... 4*620 

Silver .... 0>-030 

Antimony . . . 0*2()7 

Ar.senic .... 

Zinc . . . 2 110 . 

Manganese . . . 0'3S5 

Cob^ and nickel . • . 0'306 

Lime .... 0*383 

^^agne8ia . . . 0'054 

Silica .... 0-510 

• 

09-309 

The matte is roasted in heaps and then 
smelted in the ore furnace. When the copper 
conAnt exceeds 6-7 p.c., the roasted matte is 
smelted in*a low bl^st furnace with slags from 
ore smelting and coke*. I’he work-lead from 
this operation contains 0'4 to 11> p.c. of silver ; 
the matte is again roasUsd and smelted until the 
I eopperjcontent rises to 20 p.c., when it% treated 
I for the extraction of copper. 

\ SmelU'og at Jihisfcld .—The ores containing 
70 p.c. of lead are mixed with limestone and 
sand and roajftod in the i)wight-Lloyd machine. 
The roasted material contains 68 p.c. of lead. 
10(H) parts of this are mixed with 180 of fer¬ 
ruginous slag, 50 of spathic iron ore, 400 of 
slags from the same operation, and 100 of 
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various lead-bearing materials. This is tlen 
smelted in rectangular blast-furnaces, 40 by 148 
inches at the tuyeres. Each furnace has 19 
tuyeres and smelts 250 tons of tbe charge in 
24 hours, yielding 70-80 tons of lead. The i 
slags carry 2 p.c. of lead. 

Smelting at Trail ^British ('ohimhia ).—The 
chief ores are sulphide, which are mixed with 
lead matte and limestone so as to have the 
following composifton:— 


• 

• Lead . . • . 40-44 p.c. 

* Eerric u.\ide . . 10-111 „ 

Limestone . . . 7-10 ,, 

Silica . . . H-11 „ 

Shlphur. . . 14 -17 „ 


'rhis'mixture i.s roasted in revolving hearths so | 
ast() l)niig tho’.sulj»hur down to H-il p.c. It is j 
then further desulphurised and sintered by 
blast-roasting in Huutmgton-hieLK?rleiii ^)ts, of ! 
which there are 24, each 8 feet 8 indies in (fta- 
meter. 7’he cliarge for the blast-furnacc is 
made uj) of 8.) parl.s of the sintered inaleria), 
2’.7 of oxidised l(‘ad ores and silieious gold and 
.-silver ores, and 12*5 of e«)ke, the average lead 
content Isung 40 p.(^ and the suljihur below 
4 ]).c. 'Phis is smelted in rectangular blast 
furnaces 45 by KiO iuciicsat the tuyeres, the blast 
pressure being 32 o/s. and the height of the 
column above the tuyeres 171 feet. The output 
of work-lea<l per day from each furnace is 75 tons, 
and the composition is shown in the follojviiig 
table:— 

Lead «. . . 98*5 p.c. 

Copper . . . 0‘22 ,, 

Zinc . . . 0*01)8 ,, 

Bismuth . . 0*013 „ 

Antimoil/ , . 0*32 „ 

Arsenic ^ . . 0 28 

The ba.se bullioif carries 100 ozs. of silver and 
0*1 oz. of gold per ton. It is cast into anode 
plates and reliucd eleetrolytically by the Betts’ 
prt>eoss. , 

The slags carry 1 p.c of lead and 0*4 oz. | 
silver per ton, and have the following percentage 
composition: {Ee,Mii)O^24-30; (Ca,Mg)() = ]8- 
20;*ZnO^.7-12; AlgOj^^K-K); Si()2=^31-33. 

S7nclti7uj at Freiberg .—The oro^ are partly 
native and jiartly foreign, the latter being 
chiefly Canadian. They are classified according 
to their eompuaition, and their treatment 
depends upon this. Ores containing over 25 p.c. 
of sulphur ifre roasted at the sulphuric acid 
works, the lump ore in kilns and muffles down to 
3-6 p.c. of sulphur, the linos in ScMttdfe7b down 
to 8 p.c. of sulphur. Galena, containing over 
30 p.c. of lead, and leady ores with 10-30 p.c. 
lead are mixed witji rq^stod fines, *and other 
materials, and roasted either in long-bedded 
calciners or Huiflington and Hebcrlein pots. 

The r^erberatories aro 54 feet 6 inches long, 
through 12 W)n8 in 
24 hours, the separate charges being 1*6 tons. 
Ihe charges consist of 2*1 parts of galena and 
leady ores, 1*2 of dry silieious ores (containing 
less ^an 10 p.c each of lead and tulphur), and 
2 parts of, roasted fines, and they are divided 
into rich ores, cairying 0*5-0*7 p.e‘ of silver, and 
poor ores, carrying 0*l-0*3 p.c. of silver. The 


composition lieforc and after roasting is given 
in the following table— 

Lea3 Zinc Copper Sulphur Silica Silver 
„ , (p.c.) (P c.) (p.c.) (p c) (p.c.) (p.c ) 

(Before 

roasting 24 — 0 5 12*5 22 0 48 

After 

roasting 26 — 1*0 4*3 24 0 64 

{ Before * 

roasting 30 7 — 8*4 ^2 0 09 

After 

roasting .33 11 — 2*8 23 011 

The converters for blast roasting hold 2*3 
tons. Roasted lines are added to the ores 
instead of limestone, and the charge for pre- 
ruasting is made up of 2*4 ^art» of galena, 
0*9 of dry ores, and 1*5 of roasted fines, and 
averages 3b p.c. of lead and 14 p.c. of sulphur. 
This IS roasted iii rotating furnaces, the sulphur 
being reduedll thereby to 10 p.c and the roasttSi 
procjjiot mixed with 50 p.c. of the ore-mixture 
and again niastcd in Huwiiiigton and Heborlein 
converters; in this way the sulphur is brought 
down to 3 p.c. 

Eor smelting, circular furnace.s of the Pilz 
type are used. 'Phe largest of those aro 36 feet 
high, 6 feet 0 inches diameter at the tuyeres, and 
8 feet at the tliroat; there aro 20 tuyeres, and 
the blast pressure is 10-10 mm. of mercury. The 
charge consists of the roasted ore mixed with about, 
two-thirds of its weight of slag from a previous 
operation, 2 p.c. of burnt pyrites, and small 
amounts of dry ores. 1’ho consumption of fuel 
(coke) is about 15 p.c. of the charge. The work- 
lead contains 0*5-2 p.c. of silver; the matte-fall 
i.s about 10 p.c., and the matte contains 20-25 p.c. 
lead, 6-10 p c. of copper, and 0‘l-0*26 p.c. of 
silver; the slag.s carry 4r-6 p.c. of lead and 
0*015 p.c. riH silver. It is characteristic d! 
Freiberg practice that no attempt is made to 
produce clean slags. They aie re-4iuolted with 
roasted matte and leady •i.dditions, the latter 
being added m .such quantity £s to yield suffi¬ 
cient lead to keep the new matte poor in precious 
niet&Is. After one or two slag-smeltings, a 
clean slag is produced which can be thrown away. 
A typical analysis of such a slag shows : lead, 
1-2; silver, 0*001; copiier, 0*3; zinc, 9-12; 
ferrou.s oxide, 50; and silica, 30 p.c. 

Smelling at Broken Hill. —The concentrates 
treated by the Associated Smelters’ Froprietary 
Co. contain^60 p.c. of h'ad, 15 p.c. of sulphur, 
and 20-25 ozs per ton of silver. Two processes 
for roasting tbe concentrates are used. ♦ 

1. The ore is mixed with ground limestone 
and ironstone, moistened and charge^ on to the 
Dwight^loyd machine. ^Them^ it is conveyed 
to the rolls, ground and moistened and roasted 
again in a similar manner. * 

2. The ore-mixture, as above, is roasted in a 
Ropp furnace, 1«6 feet l^ng and J4 feet wide. 
The roasted material w charged hot into 
Huntington au<l»Hcborlein converters of 10 tons 
capacity, and air blown throjj^gh at 14 lbs. 
pressure. The sintered mass is tipped and 
broken up and is ready for smelting. The out¬ 
put of 3 Ropp roasters, 20 convertors, and £ 
ii)wight-Ll(^d maef^ines is 600-550 tons a day. 

3’he roasted ore is smelted in rectangulai 
blast furnaces 17 fdfet long, 4 feet 6 mches wide 
and 26 feet high over aU. Three of these aw 
used, and they arS capable of putting througl 
1200 tons of total charge a day. Tiie charge 
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consuts of roasted and sintered ore, ironstone, 
limestone, slags from a former smelting, and 
coke, The daily output oi bvxse hullion is 400 
tons, containing 40-50 ozs. per ton of silver, and, 
in addition, copper (0*5 p.c.), antimony, and 
arsenic. The sJags are clean and amount to 
760 tons a day; 20-26 tons of fume are con- ■ 
densed every week by bag-'filtration, and this 
is collected and re-smcJtcd to recover lead. 

Though somewhat premature, an outline of 
the method of treating the base bullion will bo 
given here for the sake of completeness. The , 
base bullion is run into a drossing furnace and , 
the copper removed. The dross amounts to , 
6 p.c. of the iiullion and contains JO p.c. of 
copper. The bullion is then tapped into an 
improving furnace of 05 tons’ capacity and : 
drossed for 12 hours. The anlimonial slag 
*\o-7 p.c. antimony) thus produced* is smelted in 
a reverberatory furnace and yields a richer sJag 
containing 12-13 p.i^of antimony; tins is then 
smelted in a blast furnace for antimonial lead. 

'I'he purified bullion is submitted to I’arkes’ i 
process. 'Phe first zincing extracts the gold, 
the second yields a crust containing 1500-2000 
ozs. of silver per ton, and the third reduces tlic 
silver in the lead to 0*4 i^z. per ton. 'J'he de- 
silverised lead, containing 0-5 p.e. of zinc, is 
refined in a softening furnace for 12 hours, and 
yields market lead of the comjiosition : lead. 
99-0917; silver, 0-0012 ; cojipcr. 0-0001 ; zinc, 
0-001; antimony, 0 000 p.c. 

The first zinc c^rust is melted in a reverbera¬ 
tory furnace with litharge derived from the 
oupellation process. Zinc is converted into 


oxide which forms a'slag with the litharge; 
this is removed and smelted in the blast furnace 
I to recover lead and silver. The lead is tapped 
I from the reverberatory into a dosilverising pot 
■ and again treated with zinc. This yields a 
' crust enriched in gold. The alloy is distilled in 
graphite crucibles to refmore the zinc and the 
residual goM-ailver-lead alloy cupelled for dord 
bars which contain 2*5 p.c, of gold. 'J'he gold 
is parted by sulphuric aoid^^ and the silver sul¬ 
phate reduced to metal or a cupel with fine coaJ, 
the metal being 993 finb. ‘ ' 

'J'ho second crust is distilled and yields zinc, 
which is used again in the process, and^Jistillery 
bars containing 2590 ozs. per ion of silver. 
Those arc cupelled for silver. 

'J’ho third crust being poor in silver is use d 
for zincing fresh ba.se bullion (The Metal In- 
(Imstry, May 11, 1917). 

• SOI'TENINO OF Ha11I> LfAD. 

'Phe lead obtained by smelting contains 
varialdc quantities of the i)reciouH matals. 
Loads from Missouri and Wiscon.sin, for example, 
are almost free frmn llioiii, whereas the silver 
and gold in some bullion-leads i.s woi-th monj 
than the lead which contains them. In addition 
to the ])reeious metals, work-lead contains a 
number of ba.se metals, most of wliicli make the 
lead liard, unfit it lor commercial purposes, and 
render the jirofitahle extraction of silver an 
imjiossibility. J’he following anaJy.ses of work¬ 
load illustrate the nature and range of the chief 
impuritifts:— 


OriglD 

English (WVjardalc) 

German (liVeiborg) ^ . 

Spanish (Magart-on) 

„ (Orcellitana) . 

Greek (Laurium) 

Turkish (Balia Karaidmi) 
American {'Tombstone, Arizona) 
Mexican ('Porreon) 

„ (Magapil) 




Per eent. 



Ozs 

per ton 

I’b 

Cii 

Kb 

As 

Bi 

4 

Ab 

Au 

!)i»-87 

()()ir> 

0-05 

o-oi 

0 001 

0-015 

7 

— 

!»(i-r)7 

0-94 

0 82 

0-28 

0 0«« 

0-20 

18ft 

— 

99'2(» 

0-22 

0-20 

0 15 

0-004 

0-11 

9 

0-06 

98-92 

0-15 

0'4U 

()'2i 

0-005 

0 fo 

45 

— 

98-27.' 

0-75 

0-65 

OTO 

0 010 

0-08 

45 

0-07 

9S-:!6 

0-3.5 

O'.TO 

0 23 

0-068 

0 22 

62 

0-17 

98-50 

0*22 

0-32 

0-28 

0-013 

— 

200 

0-10 

96-40 

0-08 

]-80 

1-.30 

O'OSIJ 

0-35 

300' 

1-60 

95-72 

0-09 

2-50 

0-90 

0-030 

0-32 

106 

0-42 


There are also, on occasion, smaJI quantities of 
tin, zin(!, iron, nickeh and cobaV’ present in 
work-load. Alm(»9t all of these imimrities have j 
a deleterious effect on the desilvcrisation ])ro- 
cess, arsenic being one of the worst in that 
respect, aaitd their removal is eonsequently an 
ojieration of gy^at importance. Many of them 
are more easily oxidiserd than load, and ea.i thus 
be eliminated by oiidation of the molten metal, 
the oxides forming a dross on the surface. 
Bismuth and copper%are not^o easily oxidised 
as lead. Copper, however, forms an alloy of 
fairly high melting-point, and«»can ttfUs bo re¬ 
moved by -.Equation. The elimination of 
bismuth is a very difficult mrftter; fortunately, 
its effect on the jiroperties of lead is not very 
harmful for most purposes whei^ jirosont in 
moderate amounts. In tjje Pattinson proce.^» 
{q.v.) it is retained in the rich alloy and passes 
eventually into the litharge* when the rich alloy 
is cupelled; it can be completely removed only 
by the electrolytic method of refining. In 
general, then, the purification of work-letfd is 


brought about by^drossing the oxidisablo im¬ 
purities, i^f)r(>cc8s known *-is ‘improving’ or 
‘ softening.’ When the work-load contains 
much cojiper, drossing is preceded by liquation. 

]fi(luation is (tarried out at a low toraporature 
on a hearth witli sloping bottom, {he lead drain¬ 
ing away into kettles, leaving the liquation- 
residues rich in copjier. In Freiberg, the fur¬ 
naces are 5 feet 8 inches by 5 feet fi inches ; the 
liq 4 iation re.sidues contain all the sulphur, 
96 p.e. o{ the nickel and cobalt, 93 p.c. of the 
copjKT, and 25 p.®. of the arsenic which v^ere 
present in the base bullion. - The analysis of 
these residues show: lead, 02*4 p.c.; copper, 
j 17*97 ; arsenic, 2 32 ; antimony, ^*98 ; tin, 
j 0-04 f nickel and cobalt, 1*09. Thi^y arc tveated 
j by smelting either in small cupolas with low- 
! grade niatt«, or in blast furnaces with galena, 
the copper ^iug recovered in the matte. 

The improving or softcniiig is effected in a , 
reverberatory furnace. A simple type, which 
was at one time the standard pattern, consists 
of a cast-iron pan which forms the lead bath. 
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AU the angles oi the casting are care^lly 
rounded to prevent breakage by expansion or 
contraction, and the softened lead is drawn oil 
by a hole bored in the bottom, near the outer 
edge, which is stopped by a well-fitting iron 
plug held in its place by a weighted lever. 

This type of furnace is usually made to hold ' 
from 8 to 12 tons df molten lead. The fireplace 
IS about 20 inches wide, and has a length equal 


1 the following partial analyaos of Freiberg 
drosses:— 

1 

I'Txat 

Second tin 

AiBonlc AntUiiony 

' 

dross 

(iKiwder) 

droHs 

(liriuld) 

dio&s dross 

' SnO. 

. 14‘7 

12'2 

0*6 0-3 

1 AsjOj . 

0’9 

Jl'2 

l(r2 40 

SbaO, . 

12 - 5 . 

18-6 

8 5 32-2 


1’he duration of tlie j)roce88 at Froiberf is 2-14 
days, and tlio yield of refined lead 75-86 p.c. 
Drosses from the improving furnace are 


to ^1^ width of the ca&t-iron j)an, from which molted in a reverberatory furnace with a little 


coal, whereby some lead is liberated and this 
desilveriscH the dross; the residue is smelted 
in blast furnaces and yields an iqjpure antimomal 
lead. Much of the arsenic is volatilised in the 
blast furnace. 


it is separated by a bridge 2 feet wide. The 

S ht ^f the furnace above the pan at the 
ge end is 16 inches, and at the other end 
8 inches. * 

'J’he charge is intrmiucod either in the form 
of pigs or is first melted in an iron pot set in 

brickwork at the side of tho furnace, and subse* , a t. r 

que-ntly ladled into a sheet-iron gutter, by which I Dksilverisation or SoJj’T BuLLTOj^ Lead. 

it IS convoyed to the furnace. This kind ()f i Irie^methods used in.^ie extraction of the 
furnace is easy to erect, but is too small lor i silver from soft or improved lead vary according 
present-day conditions where large throughput | to the silver-content of the lead. Low-grade 
is required. Modern furn^-'es are much larger, ! leads arc submitted to a concentration-process 
and have tlie lead bath built of brick usually • and the rich alloy thus obtained is euj)el!ed. 
sot in A wrought-iron pan. They are supported The couoentratioii is offccted by the Pattinson 
on rails and held up by buckstays. The i process, or some modification of it. High-grade 
bottom of the furna(!e is built of a layer of s loads are cupelled; if fairly rich in silver, they 


brasque, and the hearth is rectangular; the 
size varies according to requirements and the 
sides arc sometitnos water-jacketed; the 


are melted, stirred with zinc, and the alloy of 
zinc, lead, and silver which separates on cool¬ 
ing is worked for silver. This is the Parkes’ 


heaHii slopes to the tap-liole, which is rammed ' process, 
with clay or furnished with a tapping plug. 1’he concentration of silver in poor silver- 
There are usually two working doors oireither bearing load is founded on an observation made 
side of the furnace through which the lead is ’ 
charged, and through which the scums are 
withdrawn. The size of the fire-grate varies 
considerably. Many smelters prefer small ones, 
which, though lengthening the period of dross- 


by Hugli Loo Pattinson, of Newcastle-upon- 
Tyne, that the crysta^ls wliieh first separate from 
a molten alloy of silver and lead are poorer in 
silver than trie residual alloy. This discovoxy 
was made the basis of a patent by Pattinson, 


ing, reduce the losses by volatilisation. - The ' for ‘An improved method cif separating silver 
capacity of these furnaces is 50 to 300 tons of j from lead,’ the date o^, the patent lieing 
^ I October 28, 1833, and at thtf meeting of the 

In the softening process, the molten lead is | British Association hold at Newcastle-upon- 
subrnitted to the action of heated air, whereby Tyi.o in 1838 the process was described by the 

the ;-u:.,. ...originator. 

The behaviour of a molten silver-lead alloy 
on cooling is similar to that of a salt solution. 
The freezing point is lowered proportionately to 
the amount of silver dissolved, pure solvent 


the easily oxidLsable impurities are converted 
into oxide% which, lloating on the surface of the 
batli, are removed by a perforated slammer ; in 
this way a fresh surface is constantly exposed to 

oxidation. The progress of tho operation is __ ..., ___ 

judged by taking a samplc^i a ladle and casting , crystallises out and tho mother-liquors become 

if in an ir/.n m/.nl.l . __ , xk- __i.x -.^i. * _ . <■ 


it in an iron raou|^l; when the drowsing is com¬ 
plete tho surface presents a peculiar flaky 
crystalline appearance. 'Fho improved 
softened lead ’ ” * ' 

from*which ... __ _ 

U run from t?ie furnace by a movable iron gutter 
into a series ot pig moulds placed in readiness in 
front of tho furnace, it is then ready for de¬ 
livery to the desilverisiiig plant. ^ 

When the work-lead contains tin^this is the 
first metal to be oxidised*an4 the oxioo separates 
as a powder, is followed by tho arsenic and 

then the antimony dross, each of which is 
liquid; ^e metals are present as arsenate and 
antjjnonate of lead. These stages are, however, 
not clearly defined, but merge into one another. 
^ removal of these impurities is 

^omtated by the addition of li^argo to the 
oath, and becomes apparent by the change in 
appearance from the dark oily dross of lead 
antimonate to the yellow scum of litharge. 

The course of the drossing is illustrated by 


enriched tho solut^j with tho progress of 
crystallisation, until finally a stage is reached 
when tho residual liquor freezes as a whoU at a 
d i'i then tapped into an iron pot,} constant temperature. This is the eutectic 
it is ladled^into the pig moulds, or i point. Tho alloy then has the lov^st melting 

point further concentration of any con¬ 
stituent by tho process of cryslallisalion is im¬ 
possible since tlie composition of the outoctio 
liquid and the crystals derived from it is the 
same. ♦ ^ . 

The melting point of pure lead is 327® C.; the 
eutectic^ mixtuso of lead and silver melts at 
303®O. and contains 2’5 p.c. ^silver (about 
900 ozs. per ton).* In pfactioo, this limit of con¬ 
centration is never reached, the onrichment not 
exceeding 1 '76 p.c. of silver, i,e. 650 ozs. per ton. 
Further, i^is impqgsible to separate completely 
tho crystals of pure lead from the freezing alloy, 
since they always larry with them mechanicany 
some of the silvor-boaring mother-liquors. To 
obtain, therefore, eSeotive conoentration of 
silver it is necessary to repeat the operations 
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Hoveral times, so that the process becomes, in 
fact, one of fractional crystallisation. 

'J'hese considerations iiatncally apply only to 
pure silver-lead alloys. The presence of foreign 
metals disturbs the crystallisation and con¬ 
centration processes m various ways- 

Copjicr, arsenic, and antimony have the 
curious effect of niakuig the crystals of lead 
small, to that they are difficult to drain and 
thus carry silver with the retained mother 
bquor. i^inc, if present, acts as in the Parkes’ 
process, carrying the sil ver into the first fractions 
and tlius rendering tlic process inoperative. 
Bismuth and nickel renmin almost entirely 
(cop]>er to, some CAteiit) iti the niother-liqutfrs 
aiifl so pass on^to the cu 2 »ellation process witli 
the rich alloy. 

Fatiimonummy VaUiiLHOiuujf, }*athmo7iircn. 
'J’he o|xiration is conducted in laVge east-iron 
hemispherical jians, ca])ablc of holding 0-10 
tons of molten lead The small O-ton })ots are 
now rarely used, and in some establishments 
})ot8 capable of holding 18 tons of lead are cm- 
jiloyed, the larger size requiring the use ol 
cranes in working llie ladles. A senes of nine j 
to twelve of tlicso j)ots is ])laeed side by side | 
in a line and rostuig on brickwork sup])orts. ' 
Each j)ot is provided with a separate lircplaee, 
the heated gases Irom which are condueleil 
round the pan by a circular flm* an<l thence , 
pass into a flue running the whole length of 
the pots by which the gases are conveyed to tlie 
chimney, lii addition t<* the large p<.>ts, there 
arc sometimes smaller ])ofs placed at the side 
between the larger jiots, and heated by a . 
separate fire; these serve to hold some melted ■ 
lead for the purpose of heating and cleaning the 
Hdles. Along both sido.s of tlic erection in 
whieli the pots arc buijt is a jdatforni on which i 
the workmen stand. 1’he j)ot at (toe tuid (*f th(‘ 
series is smaller than the others, being about 
two-thirds the i,ize. 1’his is called the mnikd ■ 
pot ; the poor lead passes to this jnjt and is run 
thciicc into the ]iig iinmMs. The vthcri 
apparatus used in this ])roces.s eoii.sists of ])er- ; 
forated ladles made of iron I incli in thickness ; ^ 
when worked by hand the ladle is Iinches in 
diameter and 5 inches dee|), the holes being ; 
\ inch 111 diameter, whilst when cranes arc used 
the ladle measures 20 inches in diameter, 
fl inches in depth, and^thc holes 5 of an inch. 
'Phe handle of the ladle is 9 feet (> inches long, 
and I an inch in thickness. In addition to the 
ladle, a chisel-pointed bar or slice is used in 
stirring the lead. 

Fig. J^shows the iirrangemcnt and^.modo of : 
setting a range 8f pots. 

T'he method of working will bo best under¬ 
stood by supposing the lead to be treated con- 
tkins some 20 oz. of silver to tly^ t«)n ; the metal 
in the form of jiigs is charged into one of the 
pots about midway between the imrlcei jwt and ; 
the rich pot, the fire is set on and the load [ 
melted: on m'ftlting tfce surface of the metal ^ 
is eovei'cd with a layer of dross, which is care- ‘ 
fully removed by a ladle and the fire then ; 
withdrawn. Water is sprinkled on‘•the surface.,, 
of the molten bath to proiAVite cooling, and as 
the metal cools a cake is forfned on the surface, 
which is detached and broken up by means of | 
the slice, and the pieces stirred into the liquid. 
As the cooling proceeds the mass is kept con-1 


tiriually stirred, and after a time crystals begin 
to sejiarate at the bottom of tbo pot. These are 
removed by means of the largo perforated ladle, 



Fig. 18. 


















LEAD, 


65 


irhich is plunged into tho liquid aiul tffen 
radually raised, the aide of tho pot serving as a 
ulcrum ; tho ladle is raised until it is completely 
lut of the bath and is brought into a tilted 
Kisition, and tlio crystals allowed to drain. 
Vhen drained the contents of tlie ladle are 
ransferred to the next pot on tlie left, sujiposiiig 
he market pot to be at the left extremity of tho 
ange. 'I’liis operation is repiaitod until two- 
birds of the origina^chargo has been transferred, 
•he remaining thirc^ which nqiresents the 
nrV'hod alloy, is tranrferred to the next ])ot 
HI th? right—/.c. toward the rick pol. 'I’he rich 
»tttoms#a.s they arc called, contain alniut 40 oz. 
>f .silver to thi* ton, and any lead that niuy be 
HI hand Ifaving a similar silver content is added 
■o tlie clinched bottom#. 'I’he poorer load from 
his single ojieration contains about 11 oz., 
Huh similarly any lead to hand of thi.s assay 
s added t<i the metal obtained by tin's operation. 
k second charge is next introduced into tffe pot 
II whicli the first operation was conducted afld 
he separatton effected, a.s before, into poorer 
ead ami (“nnehed bottom.^ the former being 
ransferred to tho loft lianTl and the latter l,o 
be next [lot on tho right. 'I’hc poorer le.id 
s similarly treated, and from it a further 
(uantity of still poorer lead is produced, which 
s passeil on to the next- jiot to the left and so 
m until the lead which ri'aehea the market })ot 
jontains only id dwl'^. of silver |>cr ton ; the 
mriched lead meanwhile makes its way to the 
■ich pot, hut in the riclier pots the sojiaration 
s less complete than in the poorer oiu's, \nd 
be enrichment is not so rajud. li^ working 
be last pot, aft(*r two-thirds of the metal m tho 
Nirm of crystals have been transferred, tho 
mnidied bottoms, jiartly luiuid and jiartly 
mild, are pres-sed with the back of the ladle. 
The fluid portion,•richer in silver, runs through 
the hol<* 111 tho tadle and is renioveil by an 
ordinary ladl«‘. * Working in this manner a 
market loud is olAained at one end of t|ie range 
in winch tho silver is redueed to the amount 
already stated, and at (ho other end of the range 
is producedjead eontamiiig from (>0d (o 7(K> oz. 
of Miver to the ton, beyond which it is not 
possible to push the eonoontration by tliis 
method. 

In tlie above dpseript»n it has been as- 
Burned that the method of thirds ^r the high 
system is omiiloyefi. I'liis is tlie inlthod most 
Usually adopted in jiraetice, but for»sj)ecial 
purposes the low system or method of eighths is 
Bomotimos used, in which seven-eighths of the 
Contents of the pots are transferred to the 
poorer pot. In some works the method of seven- 
eighths is used for ‘ riohing up ’ rich leads to tho 
refinery grade of about 600 oz. In the seven- 
mghths system the lead should treble itself 
m assay at each operation, ^ut this^is seldom 
the case. Tn the two-thirds system each opera¬ 
tion is supposedCo result in the doubling of tho 
ipilyw content of the lead, but in practice this 
Mly obtains with leads ranging downwards from 
kboiit 50-60 oz. of silver per ton. 

load tlic metal is 
pxidised and a layer of dross formed on tho sur¬ 
face. This is removed by skimnfing and tho 
drosses collected for future reduction. With 
20-oz. lead, the amount of drosses formed is 
25 p.c. of the weight of the metal. The con- 
•VoL. IV.—T. 


iinual droasiug of tho metal naturally effects a 
purification of the lead, as tho dross produced 
consists not only^f load oxide, but also of tho 
oxides of other easily oxidisable metals present. 
The value of the Pattinson process as a means 
not only of enriching the lead, but also of 
]Hirifying it, is sliown by the fact that lead to bo 
used for white-lead making is frequently 
paltinsonisod, althougli the amount silver 
present may be very small. Purtlior, copper and 
irmi are both separated witli the silver in this 
process when the amount of copper does not 
exceed 0‘02r) ji.c. 

The Jiomn proccffn or Palli/uionisiTi^ h\j 
stcom. —'I’his process was inlroduo4‘d in the 
works of Luce and Rozan atalarseilles, and 
was first practised in England at Cookson’s 
works on the 1'ync. ] n this system steam under 
pres.'-'ure is Aireod into molten lead, and by 
the continual agitation of the mass -produced 
111 this manner the produciion of crystals poor 
ill silver is favourerl. and tho separation of an 
enriched fluid lead facilitated, (kioksim was 
inclined to tlie ofiinion that the steam serves a 
second purpose, ])roducing a chemical effect and 
aiding in tlio oxidation of the antimony, copper, 
iron, aiul arsenic, and other oxidisable metals 
present. I’his oxidation may be due to the air 
carried into the pot by the steam. Tn any case 
rich leads containing as much as from a | to 
£ p.c. of foreign metals may bo treated by this 
system without having been previously softened. 
The following i.s the description of the plant and 
mode of working taken almost verbatim from 
Cookson (Trans. Newcastle (fiicm. Soc. 1878):— 

The pot marked ji {Irig. 19) is simply a 
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melting-pot,•and the lower put c is tho working, 
or, as it is commonly called, the erystallisin^pot. 
To illustrate tho working, we will suppose the c 
])ot contains 14 tons lead crystals from^ previous 
operatioy, assaying, say, ^ oz. of silver per ton, 
and the m pot 7 tons original •lead of similar 
silver content already melted; a moderate fire 
is set away in the firegrate of the c pot, and the 
contents of the pot ar^ skimmed ; the hot 
load from tho pot m is theii run on to tho warm 
crystals ki tho a pot, and, with tlie assistance 
of the moderate nre already referrej^o, the whole 
contents of this pot (now 21 tons) are rapidly 
brought into a melted and working condition, 
when tho charge is carefully skimmed; the m 
pot is at thft same time charged with 7 tons of 
load containing abotit 40 oz. silver per ton of 
lead, as this will Ifc the assay of the crystals 
resulting from the operation shortly about to 
commence in the o pot. T'he fire under this pot 
is next drawn, and a small fire under each of the 
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tapping spouts is set away, titc object of this 
bein^ to prevent the lead sotting in them when 
tapping out the rich lead la^cr on. Steam at 
60-55 lbs. per square inch is next admitted 
through the valve v, and is distributed evenly 
through the pot by the baffle plate h (Fig. 20). 



Fo hasten the cooling and consequent crystalhsa 
tion, thill streams of water are allowed to run on 
to the surface of the lead. 'I'his might be thought 
to cause the lead to set on the top, but the violent 
action of the steam entirely prevents this, and 
a more perfect crystallisation is ellectcd than 
can be obtained in tlic old Pattinson process. 
When the workman sees tliat the cliargc is 
ready, i.c. when about two-thirds arc in crystals 
and one-third liquid, ho’taps out through spouts 
at either side of the c pot the rich liquid lead, 
the poorer crystals being retained in the j)ot by 
perforated plates. This,liquid lead is run into 
moulds containing 31 tons each, and the blocks 
«^s they set are lifted out by craned and arranged 
in a semicircle, whore they await their turn to be 
again operated on This process of itrystaliiaing, 
as in that of Pattinson, is repeated until the 
crystals arc sufficiently poor m silver not to 
require further treatment, when, being fit for 
market lead, they are molted ami run iutfajjjgs 
of the usual size, or into .‘U-ton blocks, according 
to the purpose for which they arc required j the 





Fig. 21. .. 
c 


rich lead is worked up until its silver contents are 
of the standpd fit for the refinery. A large 
portion of tiifef*foreigni motala contained in the 
original lead is skimmed off in tho state of 
oxides; those from the richer charges are very 
dork in colour, some in fact almost black, owing, 
to the impurities (jont^iineb, while those froni 
the poorer charges have tho yellowish colour 
proper to the oxides of lead. Some, however, 
are carried off up the funnel above the c pot, 
with the escaping steam, and are deposited in 


thb condensing chambers, of which there 
are several of large size. The dust contain^ 
86-85 p.c. of lead oxide, a considerable amount 
of copper and antimony, and small quantities 
of arsenic, iron, and other metals. 

In the accompanying illustration of the 
plant used in the Rozaii process, Fig. 22 is the 



])lat) of a battery, Fig. 10 is an elevatiiiu along 
th(!i line s t. Fig. 2U a section along a lino u V, 
and Fig. 21 a seid-ion along the line x Y. 

Tho following table gives tho silver assays 
of Fvelvo cry.stallisatiuns taken from an average 
of 3.W o])eratiotis :— 

• 

OuiH ca per ton ol laid 

5io-;tl5-2U2-ll2 6-62-3» 75-19 5-10-5-2 6-1-25-14 rtwta 

(!ookson suinmariscfl the advantages of the 
llozaii system as follows ^ • 

‘ 1. 'I’hc' entire saving of the cost of ealciiiiiig 
all ordingrrily hard loads, and a very large saving 
in tlie case of especially hard leads. 

‘ 2. A cost tor labour not exceeding onc-lifth. 

‘ 3. A cost for fuel of about tw'o-nfths. 

‘ 4. A saving of one-third in the oxides jiro- 
ducod, which advantage any load manufacturer 
will fully appreciate. 

‘ Its defects are 

‘ 1. A Igfgo capital mitlay. 

‘ 2. A constant expense in repairs and re¬ 
newals.*® 

At Omaha there is a modification of the 
Rozan, jirocess, introduced by Tredinnickt 'J’he 
pots, of which there are twelve, "hold 56 tons, 
and each is supported by hydraulic rams, so 
that it can be raised and tho lead or enriched 
all^ run into a neighbouring pot. There are 
two outlets to each pot, one fitted with a strainer 
for runniiTgoff thft allpy fjjom the lead crystals, 
the other having a free run for pouring out the 
re-melted crystals. Heating iifdiy gas, which is 
burnt in brick-lined jackets under the pots and 
the n^olten lead is stirred with steam, as i;Q the 
Rozan process. 

One advantage of this method is that the 
tapped lead does not require re-melting. Much 
time and laffour are thus saved. The operation 
is done in about 40 minutes. 

Newnam, in America, has recently adopted 
the Tredinniok method for the removal of bismuth 
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from lead rich in that metal, and has been able 
to reduce the bismuth content of the lead to 
about 0'03 p.c. 

The Parkee Procpsa. —The method of de- 
silveriaing lead by means of zinc is now verv 
widely used. It has practically replaced all 
other methods, and is especially advantageous 
with leads rich in silver. Patents for this process 
wore granted to Alexander Parkos, of Birming¬ 
ham, in the years 18^, 1861, and 1852 ; and 
in J85U the method was put in practice at 
Llanfflly. It was subsequently tried at 1’arno- 
witz, an^l, owing to the difficulties experienced 
in its working, finally abandoned at both places. 
The chioMifliculties were (1) the removal of the 
zinc from the desilveri^sd lead, which could not 
bo performed sufficiently well to make the lead 
ma»ketable ; (2) tho separation of the silver from 
the zinc alloy was attended by considerable loss ; 
(3) the recovery of the zinc from the ricH lead 
was somewhat difficult to accomjdish. TliAe 
difficulties have now been in great part overcome. 

In brief outline, the pracess eoii-sists t)f tho 
following operations : Zinc is dissolve<l in molten 
argentiferous lead. A light alloy, rich in zinc 
and containing most <jf tho silver, rises to the 
surface, solidifies before the lead, and is removed 
as a solid crust. From this crust the zinc is 
recovered by distillation and tho residual lead- 
silver alloy is cupclloil. 'Phe dosilveriscd lead 
contains a little zinc (about 0'6 p.c.) and is 
refined to produce market lead. 

The relations to one another of the tffreo 
metals concerned in tho process merl^^ further 
consideration, feiilver mixes in all proportions 
with lead and zinc ; lead and zinc, however, 
are only partly soluble in each other, the 
degree of solubility increasing with the tempera¬ 
ture. Thus, if cncfhgh of each metal for mutual 
saturation bo mixed (in tho molten (ioiidition), 
separation iuto*two layers takes place, the 
upper consisting t»f zinc saturated wiyi lead, 
the lower, of lead saturated with zinc. J'’or 
example, if 10 parts by weight of lead and 1 
of zinc are i^jixed at a temptiralure of the 
distribution of the metals (p.c.) in tho two layers 
is as follows :— 

Lead Zinc 

Upper layer . . ^*1 8'r> 

Lower layer . .. w'9 ^ 0*5 

Now, ii silver be added to tho molten lead 
and zinc, it is distributed between the twoTayers, 
dissolving preferentially in tho zinc, so that the 
upper Ifeyer contains most of tlie silver. The 
following table* (C, R. A Wright, Proc. Roy. 
Soo. 1892, 60, 390) shows the composition (p.c.) 
of the two layers in three experiments with the 
triple alloy :— • 


1 . 

2 . 

3 . , 


Upper la^cr 


Lead Zinc Silver 
3T 58-() 38-9 
i-4 61-0 46 0 
4-2 40-9 64-9 


Lowft: layer 

Lead Zinc Silver 
90*7 2-0 1*3 
96*4 1*9 1*7 
93*2 1-3 «-5 


In example 1, the load, zinc, and silver arc 
mixed in the proportion by weight 6:3:2; 
a simple calculation from these data shows 
that the weights of the two layers are practically 
identical; now the ratio of silver in the upper 
and lower layers is 38*9: 1*3, that is, 30:1; 
IpTi ^n other words, about 66 p.c. of the silver 


lias passed into the layer rich in zinc. Similar 
relations hold it^ the other two examples and 
generally. Tho practical utilisation of this 
behaviour of the alloys in the desUverisation of 
lead is rendered possible by tho solidification of 
the upper layer at a higher temperature tlian 
the lower one, so that the crusts, rich in silver, 
can be easily removed from tho still emolten, 
partly desilverlsed lead. 

It will be evident that complete desilvcrisa- 
tion of lead by this process is impossible; but 
if the extjuction with zinc bo rejjcated two or 
three times, tho amount of silver remaining 
in the lead is cuimuereially negligible, being of 
the order of ] oz. per ton. 

Under similar conditions of treatment, gold 
behaves like silver, but is even more ree^ily 
taken up by zinc, so that by using a small 
quantity of zinc in the first treatment the gold 
can fl(i v>nceiitrated in th# first crust and re¬ 
moved, leaving the bulk of the silver in tho 
residual lead; i\<j. 2(KJ-300lbH. of zinc added to a 
35-ton charge removed nearly 2 oz, of gold per 
ton of lead, along with the eopjier. 1'he clean 
separation of tJic rich alloy from the lead is, 
of course, impossible in jiraetico; niucli lead 
is earned mechanically with tho crusts, even 
wlien these are squeezed in the Howard press. 
Foor crusts are often enriched by adding them 
to fresh baths of silver-bearing lead. 'Fhe com- 
jioBiiion of a suitable crust for distillation is 
generally reckoned at 80 ji.c. lead and 20 p.c. 
zinc and silver. An actual analysis of a crust 
may be quotod as typical: 


Lead 

< 

. 7()-30 p.c 

Silver . 


. ,3-06 „ 

Zinc 


. I'J-34 „ 

Zinc oxide. 


. 2-0,1 

Antimony . 


i-ir,. 

Arsenic 


• it-73 ., 

Copper 


. 2-2.''> „ 



9!)-43 „ 


'J'he relatively largo amount of copper shown 
in this table is an indication of tho ease with 
wliich that inotal is extracted from lead by 
means of zinc. In this respect it stands on a 
level with the precious metals, and its presence 
is undesirable, as it incr^ses the consumption 
of zmc. ArsSnic and antimony have a similar 
effect, so that lead has to be thoroughly reflhed 
before treatment by l^arkea’ process. 

3'hc process is carried out in cast-j^'on pots 
or kettlcq, each separately^fired, hplding 26*60 
tons of lead. Two of these, worked alternately, 
are used, and two smaller liquating or draining 
pots for the reception of crusts are generally 
arranged alongside of theq|. The diameter of 
a 30-ton pot is about 9 feet, and the depth is 
3 feet 4 inohes. ^hen it is customary to syphon 
tho molten lead, the depth of the pqjjiis naturally 
limited by the height of the barometric column 
of lead. 

The lead is usually run direct from the 
sq^tening furtiace and skimmed in the pot, 
though some desilverisers prefer to cast the 
softened lead into pigs and re-melt these in the 
ziucage pots, since, thereby, better liquation 
and removal of copper is effected and zinc is 
economised. 

The metal is heated sopiewhat higher than 
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forming a receptacle for the molten metalR. It 
has been proposed to mould theno teHia by j)reHae8 
worked by hydraulic power.» 1'he teat Indorf; 
use is allowed to dry in the air f(»r aonio time 
and then placed on an inm wauj.^on »ii<l run into 
position under the furnae(‘; it is llien wedjied 
tightly against an iron ring built in the masonry. 
'J’he lin‘ is next lighted, and the test slowly 
heated, t«fi> as thoroughly to anneal it. W'lien 
perfectly dry, the lernjtcniture is rniHett to a dull 
redncHH and tlie test is tilled with lieli load. 'I'he 
lead is first ci>viTod hy a greyisli dross, wlncli. 
aw the t<‘mj)cratine uses, gradually gives place 
to litliargix 'riie blast is imw turned on and 
the oMdatum o/ tin* Ic-ad takes place; (lit' 
litharge ju-oflnce'l is Mown by tlie blast, to the 
mouth of the telinery and flows over the gate 
into an non juit, plated below’. 'J’hese iron pots 
ar<“ built on wlieels, and when tilled ‘with litharge 
are remc*ved; the eaki' of litharge is easily 
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(.btached after eooling, nn<l is Vuhse(]ii('ntly 
nMlueerl. ns will be described later on As tlie 
oxidation p»)e(edH. fr<‘sh lead is addcti to <he. 
test, and if a huge i^toek (d ricli leads Inui- to 
bn ti-oaloil, theiiMiie refining is «.n]\ rondueted 
suftieiimtiy far to produce an {•nmhorl alloy, m i 
which the silver amounts to alauil H p e ol (lie | 
eontenta of the test. 'Die eoncenf-ratial aigoii- j 
tiferous lead is tapped into an iron pot rim on 
wheels, jdaced under tin* test bed. wliich is 
pierced hv a dntl. When the enriehetl lead lias 
been run off, the liole is made up with a jtellet 
of bone a.sli kept in its plane by an inm plate, 
and another ehargi' is. introduced Ky this 
removal of the eniieln-d lead, di.striluition of 
silver through a largo (|uantity of litharge is 
avoided. 'Die rich lead i.s finally reJined in 
another te.st. 'I’be end of the opm-ation is 
indicated by the ajipea,ranee (»f the suii-ce, the 
brightening of trie plate, as it is nailed ; the 
blast is then turned off and the fire removed 
from the grate, d'ho silver is u.sually tapjiod out 
into ingots direct, through a lio'o in tht* bottom 
of the tost. In some cases the jilate of silver 
is allowed to sot, and w’hcn this has takt.n jdacc 
the wedges jjre wdthdrawn and the tost is 
lowered on to an iron waggon, hy which it is 
removed and allowed to cool. I’he plato. when 
solid, ia dolachod from tli.e tost, and brushed 
with an iron brush to remove litharge, slag, or 
material from tin? test. 

In an urduiarv refinery 4-5 owt. of lead can 
be worked off in an hour with a fuel consumjition 
of tv 7 cwta. of coal per ton of lead oxidised. 

( The plate of silver varies in w’cight from 10,000 to 


20,f)00 07.., and is usually pure, containing about 
99-7-90‘8 p.c of silver. The test bottoms are 
saturated with litharge and contain some silver; 
they are usually broken up and those portions 
free from li-ail jiiekcd out to be used over again, 
w'hilstlhe remainder is smelted in a blast furnace. 

7V?e (iermnn Mdhod 

In (h'j-many the rich argentiferou.s load is 
cupelled m a furnace know’fl as the Tinhofrn. 
consisting of a reverberatory furnace with a 
circular heartli, and having a fireplace at. *110 
side. Tlic liotlom of this furnace is not movable, 
as in file l-lnglisli rcfiiu-ry, but com]^>.sed of 
firebricks, on wliicb lies a solid stratum of 
slag, and tins again is <avered by a ebating of 
marl, well beaten down with iron rammers. 
'I'he botluni is regularly hollowed out from the 
sides towards the middh*, w^here a hollow is Put 
about an itnh de(‘}» for the rec(‘})ti<m C)f the 
.siKer. 1'he layer of marl is renewed for each 
operatnm. A dome ot iron, plasten'd over with 
marl, eover.s tlie bed. nml is moved as required 
hy moan.s ol a crane 'I’liere arc five openings 
into the .side of the furnace, one serving to 
admit tin- flame from the fire|tla<;(-. two smaller 
ones, near togi-fher, tor the tuyeres by which the 
blast of air is forced on to fli<5 surface of the 
metal, and the litharge ju-oilueed is blown tow^ards 
a fourtli o]>einMg, by whieh it c&ca])es in a fiisi-d 
state. The tuyiues are usually jirovnled wiih 
valves, ' hiitlcrtlies,’ which scrvi- !-) diffuse the 
blast over tin' siiidace of the nn-ul. 'I’lir fifth 
o|HUiiim into the furnaei^ is pntvided for the 
mlr(nlueti‘'n of the lead. In working with 
un.softenod lead tlie oliaige foi* one ojieratioii 
consists of about 5 tons of metal, some three- 
fourths of winch IS introdueevl into the furnace 
before liglitmg iij). the rcniaiitder being added 
from time to time us the cufie'llation proceeds. 
Much larger charges are treated^ when ibftened 
lead IS usi-d. 'I'hc modi* of working is asrfoliows : 
the eliarg<^ of load, in the form'of i>ig<5, is piled 
ni> in the mitldle of tlie hearth, and euvered 
W'ltli w'ood, which is ignit^ed by throwing on to 
it some burning charcoal. 'I'lic iron dome i.s 
next let d(»wn and luted all round with clny. 'I’he 
blast is turned on and the fire in the grate made 
up. In the course of 3 or 4 hours tho lead has 
melted down and tt^.e bath is covered by a 
layer of dro!?', which is dark in colour and con¬ 
sists of a mixture of the oxides of the metallic 
mqmritii.s contained 111 the lead, and is called 
the (ibzug ; it is raked out at the opening for 
tho removal of the litharge. After tho reinoval 
of tlie abzKij the surface of tho metal becomes 
clearer, and in a short time acquires a peculiar 
(‘ircular movement; the dross now rising to the 
surface is purer and more fluid than tho abziig. 
'Uhis second product forms what is known as the 
ub'itrich, and is an ii ipiire li'liargc, which, as it 
IS produced, flows through channels cut in the 
breast of the furnace. The temperature is kept 
sufficiently high to maintain the abslnch in a 
state of fluidity. The formation of abstricb is 
succeeded by the production of pure litharge, 
which flows out of the furnace through the 
channels already mentioned. After the litharge- 
stago has commenced, the remainder of the 
metal to be cupelled is added in small portions 
at a time; the pigs of lead being so placed that 
the lead gradually melts and leaves behind the 
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more refractory ahvig unmixed witli the metal. 
The full charge of metal having been added, the 
oxidation ia continued and the temperature t 
maintained sufficiently high to keep the silver ! 
in a molten state until the greater portion of 
the lead has been oxidised and tl»o bright metal¬ 
lic surface of the molten silver is observed. 'J’hc 
blast is then turned off and the lire is damped 
down ; water is alv* thrown on t(^ the metal to 
harden it, and the cake of blicksilber is with¬ 
drawn from the furn^ii^ and freed from marl, 
litha%ge, <Src. 'I'lie bhclsilbrr contains from 90 
to 95 of silver and is refined in a small 
reverberatory furnace, tho bed of which is 
made of.bono ash, or some material serving, 
like bone ash. f<ir the ajisorjd.ion of litharge. 

The oupidlation of a charge of 10-15 tons 
of Jead lasts from 70 to HO liouis, and the loss of 
metal amounts to ]).c. 

HEinioTum di’ Litiiarue and 1’ot 

'I’be litharge produced in the (‘Ujtellation 
of argentiferous haul, and tlie drosses fornii'd In 
the Pattinson process, n*e rrdueed in this 
country in a reverbenitorv furnace, tin* sole of 
which slojics from Ili<' lirc-bridgc' t<) a jioint 
neai' tlie flue, where an iron gutter, luiilt in the 
furnace boil, serves to convey tin- molten load 
to an iron receptacle outside the furna<-e. 'I’ln! 
reducing ag<‘nt is coal. 'I’he sole of the furnace 
IS jircparcd by eitvering it with small i-oal which 
is jiarlially coked by the heat, and thus a 
])oi'ous covering is formed on the l)riek^^■()^k 
of the furnace bottom. On to this, sole the 
litharge brokom into Jumps and mixeil with 
coal is thrown. The fuel and the reducing gases 
in the furnace soon effect a reduction of the 
litharge, and the molten lead trickling thioiigli 
the porous mas-s*gradually finds its way into 
fJiP met»l gutter, by which it is i-onveyetl to the 
metal pot. I’lil- charge is turned over from 
time to time, ami when the ro<lnetioTL is e<»m- 
pleted the residue, termed n/ulrrs.iti raked out. 
Tho litharge cinders, together with other l<‘a<l 
refuse, such as test bottoms, are smelted in a ; 
cupola, sla^-hearth, or blast furnace. 

The lea<l produced by reduction of litharge ; 
is softened and desilveriscd when necessary, ! 
and since the litharge pRisduccd towards tlu* 
completion of tho cupollation is richer m silver 
than that formed*in tho earlier ^ages, it is 
frequently reduced apart from tlie re«t, and 
yields a load containing from 70 to 100 o/.s. of 
silver per ton. According to K<ihlmeycr ((’)iem. 
Zeit 1912, 311, 1079), silver dissolves as oxide 
in litharge; tho solubility is 3-0 ]).c., and the 
melting-point of the litharge is reduced 4.5’’. 

Refilling lend by eleetrnlyfii<t. —A process, due 
to Keith, lor refining lead by electrolysis, was 
in use at New Yorl^ for so^ie yearHj* but was, 
apparently, not a oombiercial success. 'I’ho 
anodes were matle of furnace lead, the catholics 
of pure lead, and the elcetrol 5 rte was a solution 
of lead sdTphatc in ammonium acetate.^ 'fhe 
battf'was heated to 38°. 'fhe lead bullion ooj>- 
tained 180 ozs. of silver per ton, the refined 
lead only 11 grains per ton. 

Amongst other electrolytic methods of 
refining lead that devised by Betts is of special 
interest. The electrolyte is a solution of lead 
fiuosilieate, a stable salt, easily made and very 
reiwlily soluble in water. On electrolysing the 


solution of this salt, there is no formation ol 
lead peroxide or^ other compounds which give 
rise to polarisation. The electrolyte is made by 
percolating broken quartz in a vat with 35 p.r. 
hydrolluorie acid. 'J’ho resulting hydrofluosilicic 
acid is then allowed to act upon white lead ; 
lead lluiiridi^ and lead sulphate settle out. The 
eleotrolyto is made to contain 5 p.c. of^hc lead 
fiuosilieate and It) p.c. of free hydrofluosilicic aeul. 
ft loses streiigt-h slowly and has to lx* made uj) 
weekly by the addition of fresh solution. Lead 
is dcpositi'd at tlie cathode in crystalline form, 
and as tlio crystals grow they are apt to cause 
sliort-cireiiiting ; further, the mesh^of crystals 
encloses oleetrolyto and tJius ?ender« the lead 
imjmre. I’liis is obvinU*d by the addition of 
a little gi^latine to the bath; a compact deposit 
is then obtavied of a liigh degree of purity. 

At Trail, B.C., where the methiKl is employed, 
there* ai^ 498 eleetrolytio ^plls made of cemciit 
and lined with asiihalt, with a capacity of KKI 
tons of leail a day. 'J’he anode slabs are cast 
at tlie bla.«t funiaeo; they weigh 320 lbs., and 
arc r«>(luccd 80 p.c. in weight before melting again. 
'Pile starting or cathode sheets are 39 by 27 
inches and f inch thick, and are made by pouring 
molUm lead over an iiicUnod steel plate. 'Pliey 
are wrapped round copper bars connected to the 
; negative loads, and are taken out and stripiietl 
' twice (luring each run. Tho current density is 12 
; amperes jier square foot, and the temperature is 
' maintained at30‘’-35''by cooling with wateriiipcs. 

The anode shmes contain 80(K) ozs. of gold 
and silver per ton, and in addition copper, 
antimony, bismuth, arsenic, and lead (10 p.c.). 
'I’hcy are washed, jiressed. nielled in a small 
1 reverheraiory* on a basic hearth, tlie slag* 

! removed, and the (lor6 parted by Hulfihuric aeid. 

'I’lio only metals which pass iiito*the electro¬ 
lyte are zinc and iron, tho latt<*r to a limited 
e.vtent. Hismuth remains w1th4he anode mud. 
'I’ho refined lead is very jmre, as testified by the 
following aiialy.sis: gold, 0-0()27 oz. ; silver, 
0 filzfi oz. [M-r ton ; copper, ()'0()2fi p.c.; iron, 
0-00()8 ]> c. ; anttmony, 0'0075 j).c. 'Phe 

following talilo illustrates the gafhering tho 
silver and tho impurities in tlic anode slimes : 

Bis- Anli- 

l.ca<l Copper ninth moiiy Ar8(;nic Hllver 

ipc.) (p.c) (pc) (p.e.) (p.c) (p.c) 

Lead bulltim 87-U 1 40 14 4 0 7-4 004 

I llollned lead 0 001 1)0022 0 0017 tr. — 

: AiKMle slimes lO IS O S 0 52 25-82 44 58 4 7 

i Viewed as a desilverising process, the electro 
I lytic method is jirobably suiieriur to any of the 
(ithers ; jt ba.s the advant^o, too, of eliminating 
bismuth from the lead. (For ^further d(‘tailH, 

' see A. (1. Betts, Lead Refining by Electrolysis, 

‘ .1. Willy & Sons, 1908 ; T. A. Kn kard, Min. and 
, Scient. Press., Dqp. 23, 30^ J91C.) 

I CpSDE;4SATION OF LeAD DuST AND FdME. 

In consequence of the volatili^ of lead at 
. higli tomyieratures a certain proportion of the 
metal and .some of its compounds arc carried 
away by tho heated gases in the operations of 
|melting, refining, &c. Most lead ores contain 
zinc and arsenic, %oth easily volatile, and 
readily oxidised metals; these, therefore, bulk 
largely in the fumes from lead works. Solid 
material fre^m the ores and fluxes Is carried over 
I mechanically in the form of a fine powder. 
; This constitutes the ‘ dust ’; it settles out more 
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easily than the Lime. Naturally, there is no j .Slagg’.s condenser consists of a large rect- 
hard and fast distinction hetweon dust and j angular eliamlxT divided by ])artitions springing 
fume, but the latter may be taken, in a general alternately from the toj) and bottom of this 
way, to consist of the (’ornpouiids (oxides, | chamlier, leaving free sjiaces above and below ; 
sulphides, and suljiliates) proiiiiced from tlie the lower part of the chamber is filled with 
volatilised metals from the furnace charges, A ! water, mo that the gases jiass lirsi down one side 
certain proportion of silver is always found in of a partition through the water, and rising in 
fume li^d. the amount being considerably less the next comjiartment pass over the ni'xt parti- 
than in the ores from which it is derived. To , tioii and down again throng!) the water. The 
prevent the loss and minimise the nuisnnee ' gases are dravs'ii thiougii the chamber by means 
which would arise from ullow’ing the gases jiro- ' of air-[iumpM attached^t?) the exit Hue. 'I'lie 
duced in these various ojierations to jiass direct fume in it s jiassage througti the condenser i: thus 
into the chimm^y, the furnaces are connected 
with a scries of flues or condensing (“hainlKus in 
which the ^ase* are cooled and so deposit some 
of the solid niatti'i- held in siisjiension, hcfori' th(!y 
issue from the chimney. These Hues are ck aiicH 
out at inlervob, and tlu' ‘fume' e(,>ll< ( (cd 

The method of fiini<‘ eondi nsaf,;oii itsiially 
relied on is simply^o connect up (lic^snColt mg 
and otlicr liiniaccs with long tines‘’of large 
traiisvi'rse area, )n sonu' ( stahlishiiu nls tie 3 
Imve an aggregate length varying from If to 
miles, and a moss si'ction of from (> fc<'t h\ 

7 f(‘ct t‘i 8 feet by feet iSomotimcs they arc 
spiral or zig-i^ag to economise sjiacc.aiul balllc 
walls arc interposed to lengthen the, path of the 
gase.s and expose a largi' surtacc for pre( i]nlatu>u 
of tlie fume. Shei't non plates, hung longi¬ 
tudinally. and jiarallel rows of ;ron wins in 
vast iiumheT's are among the methnils which 
have In-i’i) tried. tluMigh wilh limited siKiess. 
to eflect piecipitution of the solid partu les 

The f<j|lowmg ar<‘ analv.si's taken tiom I’eicv s 
Metallurgy of Lea<l (p. of dust and liimc 
from the Hues ot the ri‘vi‘^fheratorv furnace.s and 
^lag liearths at Ibigdlt: 

Lead oxide . , 1(1 ."il (12 2(1 1(188 

Load sul])hQdc . -1 S7 I On 

Ferric oxide and alumina i 1(1 HPO H((i(( 

/uic oxide . . I (Kj 1 (10 \ 14 

Lime . . . .0 07 a-77 (l-7:i 

SuJjihurie anhydride . 2(1 ol 2.7-78 *,14-15 

Insoluble residue . 10-12 107 j |-40 

t^arbonacemis iua( ter . — — 

00 87 oo-4:i ot» 117 

'I'he amount of flue-dust rocovercil is 4 p.c. of 
the ore at I'ertugola. I 7 p e. at Tarnowitz, and 
4-8 p.c at Fri'iherg. It n usually hiu|uettei.l with 
lime anil elav and adde^. to hlast-furmiee i harges. 

At Freiberg, the average eompo.sition is: lead. 

H5'4 ; ar.senie, 14'1 ; sdver. 0-()27() ji.e. Lead 
uvorages 40 ji.e. in the Hues m-ar tin’ furnaces ; 
it deereases to .‘iO ji.c. aiul then risi's to HO p.i-, 
beyond the pont whfrelead oxide is ciPndeiisecl; 
arsonie increases i-egiilarlv, with the distam-e, 
from 7 to 25 )).c. 'I'lie treatment at Freiberg 
depends ou the arsenie-eontent. W hen this is 
below 7 ji.c. the <lus0‘ia hriqurnted and smelted 
with ore; when between 7 ami 15 ji c. it is roasted 

before briquetting, uml wheti*b\er lo ]).<-, it is ^ 

roasteiltorefttiverarseoiean.l theresiduesmolted- solid matter collceis, and at the lowest paint a 
Jets of steam and Vruter have in some cases tap, b, by whedi tlie contents of tht- condenser 
been introduced at different points in the flues are rlin off from tune to time. 'I'be box is'-fillcd 
M'ith the object of facilitating the fume de- with water to the level of c. The gases are 
position ; but lead smelteM differ in ojunion tls forced into Die box by a fan, along the pipe h, 
to the advantages gained by the use. of either : which opens into a chamber formed by a 
steam or water. Various devices iiave been j partition running parallel with the side of the 
proposed to oftect a condensation of lead fume : box. Below, this chamlier opens into a series 
without the neo<*s.sity of constructing long flues j of triangular tubes ?, running across the box; 
or large condensing chambers. | these tubes are iieHorated above, and through 


(Iniwn through water .ukI roblied ot pip't ol the 
.miisjk'IkIimI snliils. 

Slokoe's comlcTiser cmisists of j.worcluinihcr.M 
duidi'd iiiln several compartmi'niH by jiartiiioiis 
wliicli aitcMialcly rem h Iftc lop and dij) below t h(‘ 
<iiilacc ol w.ilcr at the hottoiii of the chiin\_hcr.‘ 
'I’iic (h.imlfcr w iliiidcd lioriy,ontall\- hv tw'o 
llooi-i iiuhIc of open joists upon whicli faggots 
ai ‘ laid, tliiis tiirmmg tilfm'nig beds, w-lnch uic 
washed by watiT m the form ot Hm-spiay. 'I’lie 
giise.s arc’ fon ed tlirough tlie compaitmeiit of 
lli<‘ eoiidensf|-. meed tlu* Imc’ spray oi water, and 
jKiss ihioiigh the lilteriug heels, whcac’ Ihc’fume 
as it collects IS washed awa\. W’heii the water 
ha'- real bed .i i-c-rtiun height it is drawn off into 
tanks, wliere (lu’Kolid mailer giadiially separ .te.s. 

In 1K7H Messrs. \\ ilsun and I'r.mch jiatented 
j a eondensi'r. which was adopted at the J’-'l.effic’id 
SiMC’ltiiig t'omjia'iy s woik.-., and liy Me.>srs. 
bewnU and Fartnei.., Lnnitc’d. oi 1 lelihiirn-oii* 
Tyui’. 'I’lie cmideiisc-r coiisi-.v'- of a woodc'ii box 
(ui. Fig 2(>. having a hIm’P ing Ijottcuu wliere the 
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Load suliihate . 

(p c) 

. 1K*P 

Hi.. 

53 ') 

Lead sulplmie . 

. 55-4 

1 2 

Lend oxich' 

. 2 0 

41 5 


The iiy>plic;ili(jn of ol('(;tni;il\’ lo furno con- 


the fine npeninf^s tiie gases are foreeil into the The lead in tliose products is coinbiuod as 
water. Near tho surface of the wafer at d are follows (Mewnhain, loc. nl .): 
fixed three or four screens made of wickerwork , • 

or copper wire, held m position by tlie sujjjswts 
r and f. The gases y)ass out finally by tlic ! 
pipe j in the tojv of the box, and are conducted \ 
by flues to the cl)iinncy. Dy this anangenieiit I 
intimate contact between tho water ami the ^ 
particles of the fume is insured. 'I’lie fume ; dcnsatatoi'was suggcMcd by Sir t). L(flce, anil 
iiolleets in the low'er part of the box. is drawn jts use patented by Walker! J::x})einuenrs made 
olT into settling tanl?s,^ai)(l after removing the : III ISH.") by Hutchings, using a jtowiT-drjven 
gri’i^er j.ortion of the water, is dried and \\’imshuist macliino ami a svstmu of mclnlhe 
smelter^ With three wire-gaui-.e .screens and a ; points, at the BaLollt works «’.f Messrs Walker, 
(Icj.th ot 8/. Jiielies of water. Mr. Treneh states t'o.. Limited, yielded saliskietoi-y 

that at. tiieShenieldSmi'ltingCoinpaiiy RWoiks, ir iilis when working on a'Mn#l! srtnie, but did 
the (juantitv of lend ami sdver anesicd nniounts 
to frtnn to IkS p e *ol that eontained in the 
sup»k(‘ as it leaves the furnace. 1 

Wet motliods of fumc-eoiiilenaatioii have; 
proved unsatisfaetory. Jtpeent progress in tins 
ihdd lias been along two lines, viz.* hltra^oii , |-t^' 
and eleetrical jirecipitation. tin? fume in eneh 
ease licing operateil on in tlie dry condit ion. 

The suggestion of I’erfy. in 18711, to filler 
the fume through cloth was woikisl tm1 on a 
yiraclK'al scale by Lewis and Bartlett, and lias 
be<'n extensively developed. Tlie filters aie tii 
the form of bags, :{0 teet long and I (»inclies wide, 
made with one lateral se.mi. 'riu* matiTinl is. 
eilhcr cotton oi vvotil. tlu- latter being loimd ■ 
morr* s«‘rviceable, espceiallv when the natuinl | 
oil ami sweat have not Iiimmi removed by wasluiig | 

Uuiidieds or iliousamis of these bags are Siting i 
111 a brick cliambcr or bag house ; the io|io are 
tied tight, till' bottoms lit louiid ht.lcft m the 
Hour of tlie house I'lidcr tin- llooi is a smallei 
rhaniber into wdiieli the furnaec gases arc forced ' 
liy funs. 'I'he gases (‘seayn- iijiwards, aie lillered , 
through the bags .and jias-s into tlu' open air ! 
tliroiig^ vi'idilatiu’s ui Hk- roof of the bag-house i 
’I'lu' fiinu* Is de*!\eli(“d from the lalirie periodu ally j 
either by shakiyg the bags oi liy (uusiiig llicm [ 
to eolla]»se by suet'oii. it falls to «di<‘ l<iwer ! 
chamber and when a l.iyei' feet tliu k has j 
colleeted the furnace gases are diverted and the ; 
powder i.s*igiiiled by a smuil lire. 'I’lii- iunie, 
coiilaming mueli oxuhsable matter, bums 
easily ami yields a grey cinder suitable foi 
smejting ni the blast furnace. 

At the Murray IMant,*lUah, the bag liousi's ! 
are 21() by PO feet and Ptl feet bigl| 'I’liere aie | 

4000 bags with a surface area of .770,000 siiiuiie i 
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feet, winch cope with lOri.OOO cubic feet oi gas ‘ not jirovo successful when apyilied l(» flif fluca 
per minute, i.ti I cubic foot of gas passes (iirough | of the works. 

.3*.') s*quare fget of filter per minute. Tig. 27 is j The development of these early ideas and 

methods has be.eii due, ip great measure, to Hie. 


i square fpet of filter per 
a diagram of a bag-house at the (Bobe Smelling 
Works, Utali. it is staled that 1000 sqiiaie 
feet of filtering surface are necessary, in general, 


labours of l'\ (J. I ;«titrell (‘t/^ Simthaoiiian Beport, 
1013, pp. <m 3 r'H.7). In the glow discharge of 


for one ton of ore, and the laxst temperatuT-? for | eleetncity from ponds at high p<dentinJ, par- 
jiltration is variouHly given as 81)Hases j tides in the neiji^hbourho^id of the points receive 


from roasters are'noH sudahle for bag-house 
treatment, as tTe oxirles of sulphur rot the fabric. 
TU> life of cotton bags at Utah is 17 months 
and of \wiolleti bags 4 years. At these works, 
1*!W p.c of tlie lead and 0 (>t)3 p c. of tBs silver 
in the charge are recovered from the bag-house, 
and the fume contains; lead, 52-.7 ; arsenic, 
14*2; sulphur. 5-4; zinc, 3 0; antimony, UO ]).e. 

At St. Louis, hearth-smelting yields twice as 
much bag-house fume as flue-dust. The burnt 
fume contains 70 p.e. lend ami .7 0 p.e. of sulidiur; 
the dust, (»2 p.c. lead and 11*1 p.c. of sulphur. 


an electrical eliargi; and an* repelled. If an 
earthed' j)late,*i>r one of ojiposite polarity, be 
brought ni-ar, the jiiutides are attracted, pre- 
eijiitated on tho jihile,*'and lose tlu‘ir charges. 
It has been found by experience tliat a high, 
ilireet-curient voltage is preferable to an alter¬ 
nating on* for H^! precipitation of dust and 
fume. Tlui ordinary h-w-voltage alternating 
current g<*n(TaIly available is thus transformed, 
for this purjiose, into high-voltage alternating 
and tlien into intermittent high-voltage direct 
current. Some of J..odge’s recent patents are 
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concerned with the rectification of alternating 
ourrenta hy meana of vacuum tubes, which 
allow the current to pass oiilyin one direction. 

In the process, as carried <ujt at present, the 
discharging oletiirodeH, negatively <hargcd by 
preference, have a voltage of 7r>,000 (o 100,l)(H). 
They consist of iron eliuins earefully innulated, 
whieh are hung ui the middle of sled [ujm-s 
15-20 f«et long and 10-18 uuIich in diameter, 
through whieh iJie gasi's are drawn. 'J’lie 
‘collecting’ electrodes, tlu' |ii}*es, are earthed 
and the precipitated tuine is shaken down at 
intervals by striking them with a hammer. 

A Coltroll [ilunt at'FraiMor the lieatment id 
100,000 {iiiUic fe^*t of gas jier mmulo consists 
584 ])ipes. The*velocity of tlie gases for pijies 
of J2-ineh diameter sliould not excceil led 
per secoinl. 

Kractional preeipitation of fiirnt', eonsisting 
of materials ditlering in volatilily. is possible 
hy the (‘otlri'IJ pr^ness wlieii o|(eralJluis are 
carried out at ihOerent t.mnjieratures. Thus, 
Idgli gnuh' wliiti' arsenic can be se])aiaied from 
h‘ail fnim* by electrical |>reci}>itation ot lead and 
7,me eompounds at a temperatnn? at winch white 


t 

arsenic is gaseous; on cooling the escaping gases, 
the oxide of arsenic becomes solid and can be 
recovered by repeating the electrical treatment. 

(Jaacs from reverberatory and blast-roasting 
plant which are unsuitable for bag-filtration, 
owing to the injurious elTect of the gases on the 
eloth, can he treated without diflieulty by the 
(kittri'll method, and it would appear that this 
method had a great future store, not only for 
the treatment of lead fume, hut also of many 
kinds of dust, mist, aiu^^oke, which are i^ro- 
(luced in miuierouB large-scale operations.^ 

• 

PKOl-EUTlKS AND UsKH OF METALLIC LeAD. 

Owing to the demand for soft lead in many 
industries, and the hurdbiiing elTect of miiiuto 
(jiiantiim.s of foreign metals on lead; owijig, 
also, to tlio noeii of jmrifying the metal before 
desilvensing and to tlic rdimng action of the 
(ioj^lverisati()n-]tidc(‘ss itself, commercial leads 
are usually of a high degree of ]mnty. 'I'he 
following table of analyses of some commercial 
leads shows the natfcre of the cliief impurities 
and the extent to which they are pr<‘seut: 


— 

lloHt Kiujlish 
l.-ad 

( UKXi 

('licniical 
h a>i 

Ur.imMr\ 
Euulish lead 

L H 1* 
Au^lraliii 
sj>e('ial 
iiiaikct lead 

li.ll 0 
Australia 
ordinary 
murkft lead 

Kieel roly tic ' 
lca<k 1 

I'rail. 11 C. i 

L(*a(l 

tlO-OlHO 

00 0S5 

‘10-0055 

00-0077 

00-0017 

00-08fil 

(kipper 

U 0IM)3 

0 022 

0-0010 

0-0003 

0 0001 

0-0027 i 

Antimony 

0-O.U 

0 033 

0 0432 

0-0005 

0-00(' 

Nil 

Ar.si'mc 

Nil 

traci- 

Nil 

— 


0-0025 , 

Bismuth 

0-0005 

o-ool 

0 012-1 • 

0 0(.)0t) 

• 

0-0037 

Silver 

•0 0003 

0-002 

0-U007 

0-0002 

0-0012 

O-liOl 

Iron 

0-00J5 , 

0-003 

0-0031 



0-0022 *’ 

Manganese 

Nickel 

Nil 

Nil 

trace 

Nil 

trace 




(’obult * . 

Nil 

— 

Nil 

— 


•— 

Zinc . ^ 

0-0015 

0-001 

0*0020 ’■ 

0-0007 

0001 • 

0-0018 

(’adinium . 

Nil 

__ 

0*0006 

— 

-. 

— 

’I'm . 

Nil 

t 

Nil • 



— i 


100 

100 

100 

luo 

100 

100 , 

Loiul is a bliush-gn 

y metal, the 

fri'shly cut 

antimoiiN, 

however, makes it sonorous, hard 


surfaces (‘xhibiting a distinct metullu* lustre, lead being easily ili.stingiiished from .soft lead by 
whieh soon disappears owing to sujx'riieni! : this ])roj»erty. 'I’he ^weseiice of antimony, aine, 
oxidation. Its crxstalline character is well arsenic, or silver increases the hardness and 
shown by the beautifal lern-like*erystalliiie brittleness <4^ the metal. Antimony makes the 
growths \vhic)i are seen on the jngs of best nietiil hiy'd il present in amount over 0*005 p.e.; 
market lead. <'r as they form tm the surface of a small quantities of bismuth are not injurious m 
casting during the cooling of the molten nu'tal. this respect. , 

It can easily be obtained in the fo-m of regular According to Schweitzer the 8p.gr. of lead 
o<itah<“drons by* melting lead, allowitig the (Amcr. (’hem. J. 7, 174) varies IxTween 11*344 
molt-on metal to solidify partially, and pouring and 11*377 at 4". St. (.Maire DeviUo {Phil, 
off the portion still remaining liquid It is Mag. fiv.] 11, 144) gives the following as the 
deposited in arborescent forni.s. known as the results of his observations on lead prepared in 
lend tree, by the decoiapositioif of a solution of different w^ays :—(1) cooled slowly from fusion 
lead acetate either by zinc or by electricity. 11*254; (2) cooled <fiiic4cly from fusion 11*303; 
Lead is a very soft, metal, oa8jly*cut by*a knife ' (3)electrol^iclcad, 11*542; {4} Igad obtained by 
or seralcheil by the nail; it readily receives electrolysis, then fused and cooled quiolHy, 
impressions ana leaves a .streak on white paper > 11*225. I'he mean may be taken 11*35 at 
Its hardness is 1*6 on Molds scale. It is very , 20®(!l. 'The inlluoncc of pressure on the sp.gif of 
malleable and is ductile. Rolled le^d is more ! lead is shown in the following results obtained by 
ductile than east lead; hoih its malleability •Spring {Her. Hi, 2724). (1) Not pressed, 1!*360 
and ductility are injuriously affected by the atl4‘’; (2) once pressed, 11-501 at 14® ; (3) twice 
presence of impimtios. I^ead is a metal of feeble pressed, 11*492 at 16®. The sp.gr. of molten 
tenacity, a wire jijth of an inch will not support lead is given as 10*37 and 10*66 by Roberts- 
a woiglit of 20 lbs. When struck with a hammer Austen and Wrighteon (Ann. Chim. Phys. [v.] 
pure lead emits a dull sound: the presence of 30, 181), and 10*952 by Quincke (Pogg. Ann. 
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136, 042). The increase in volume on molting 
is 3’6 p.c.; 1 cubic foot oL solid lead weighs 
710 lbs. and ono of molten lead, 0()4 lbs. The 
melting-point is 327'4®; the boiling-point, 
that is the temporaturo of visible ebullition, is 
slated to be 1526°. The metal is only slightly 
volatile in the absence of air, but is carried over 
in considerable quantity by the vapour of zinc. 

'Phe specific heat of lead according to U(<g- 
nault is ()-0314 at toTnpcraturcs between 10° and 
100° (other observer* dve 0*02925), and for 
moH^gi lead according to Person it is 0'0402 
between 380°--4.'>0° 11ie latent licat »-l fusion 
is 5*369 •calories; the cucfticient of linear ex¬ 
pansion between 0" and 100", (>*(M)00295 ; the 
conductivUy for heat, 7*9, and for electricity, 
7*8. compared to silvoit 100. 

Lead is tuHtcless; it is said tt> emit a 
clmTao-teristic odour when rubbed bet\ve(*n the 
lingers. It can be welded in the eoJd by prj^ssing 
the clean surfaces together. ^ 

An allotfojiie form of lead (or possibly more 
than one) was prejiared by (’ohen and Hclder- 
mann (Zeltsch. phys. (’hein. ltH5, 89, 733) 
by suspending lead in 40 p.c. solution of lead 
acetaUi containing 10 pc. nitric acid (O. 1*16). 
In these condilion.s the lead bceomea wrinkled 
and denser, 'fhree specimens of ilensity, 
11*3415, 11*3129, and 11 *3283, were produced ni 
this way from metal of denRily 11 -H’ilio. Aec<'i<l- 
mg to If. HcMer 761) this ‘ gioy ’ lead is 
rapidly formed in sohititm of its aetdate if only 
a little nitric acid be presenf-. 11. J. M. t'reigly-on 


observed the formation of the same allotrope 
during the electrolysis of nitric acid (1) 1*42) 
when lead formeil^the cathode (.1. Amor. them. 

1 Soc. 1916, 37, 2034). 

! When load is freshly distilh'd in silitu 
vessels, it is rapidly attacked by wnl(“r ami 
i oxygen, acting together. If, however. Ihe di'-- 
^ tilled lead be kept some time in iw‘it6, it is much 
'less easily corroded when brought in Contact 
with water and oxygen. This curious Indiavioiii 
, has been accounted for by assuming that froshl> 
dist.illed lead is not physically homogeneous, 
the varieties (allotropi's) differing in tlicir 
soliitjon-pressures (H. Lambert, and K. K. Cullis, 

' Journ. (hem Soc. 1916, 107, 2^0). ''I'hcn* arc 
no observations as yet whitdi coriclate thc.so 
, allotropcs witli Keller’s grey lead; indeed, the 
1 very existence of allotropes lias been denied by 
some aulhor.s (A. Thiel, Per. 1920, 53, 10.52, 
106(i)* 

, Speeiflations (ioneerninj^he rclationsliip of 
lead to the products of tlie radio-active clianges 
of uranium and thorium have stimulated a. great 
deal of interest in the question of the atomic 
weight of lea<l. Soddy has ]iointeil out that 
the older detenuinatmns vary eoiisldcrably. 
'riuis, of 24 viiliies given in Abegg’s llandbucli, 
1!) range almost over a unit, viz. : froni 206*8 to 
207-(). Jtccent determinations give fairly eon- 
si.stcnl results for ordinary h-ad, but. the* values 
for lead tiorived from radio-octive inmorals vaiy 
consulerably, A nnmiK'r of these rosuHs are 
given in the following tabic :— 


Source of lead • 

1 Radio-active minerals, Ihtlorado 
, 2. ,, ,» Australia. 

3. Rrdggentc .... 

4. (ffoveite. I^ngeaund . 

5 Uraninite, N. (Carolina 

6. l%(d)blei«le, .Toaohimsthal 

7. Oarnotite,jlolorado . 

8. 'riiorianite, Ceylon . • 

9. Pitidiblende, Englaml 

10. Ordinary lead (control) 

11. UraiiiuTn mineral 

12. Ordinary lead (control) 

13. Uranium mineral 

14. Monazile . . . . • 

Iff. Ordinary load (contftl) 

, iThOo 62 ^ p c.| 

10, Thorium mineral lUgOg 1*9 „ 

|pbO 0*39 „M 

17. Pitchblende . . . . • 

18. •Pitchblende, Joachimethal 

19. Uranium mineral. East African (formerly 

p.c. I . 

20. Broggerite {’I'hOa 4*5 „ Norway 

(PbO 9-5 „ ) . 

21. Ordinary lead (control) . , • 

22. Samarskite « . . 

2.3. Thoriamte, Ceylon .... 

2^. Thorite, or way .... 

26. Spring water, .Japan .... 

* 

The lowest value, 206*040 (No. 19) and the i 
highest, 207*92 (No, 24) agree very closely with i 
those calculated from the disintegration-theory i 
for uranium-lead and thorium-leeid, viz.: 206 j 
and 208 respe<5tivoly. Opinions differ as to the | 
cause of the variable atomic weights, between 
these extremes, of the lead derived from radio- ' 


Atomic welghi 
. 207-00 ) 
. 206*34 
. 206*12 
. 206*08 ) 
. 206-4(K 
. 206*67 I 
. 206*69 i 

. 206*82 r 

. o . 206*86 j 
. 207*16 i 

. 206*98 I 
. 206*71 f 

200 36 to 206*64 
. 207*08 
. 207-01 


Richards and Wadsworth 


Richards and Lambert 


dc C'oniiu;L and (Uuard 


Maurice Curie 


208*4 Soddy 


German) 


206*736 

206-405 

..206*046 

206*063 


llouigfichmid and St. 
Horuvitz 


. 207*1801- 
. 206*30 DavLs 

SItSSI 

. 207-13 RichrfVds and Sameshima 

active sources. vSuch leads may be mixtures ( 
Ardinary lead and lend isotopes, or ordinary lea 
may be a distinct variety or a balanced miitui 
of the isotojica derived from uranium an 
thorium, or finally it may bo an evolutional 
product from lighter materials («ee P. W. Clark 
Proo. Nat. Acad Rci. 1918, 4, 181). Attemp 






7fi 


LEAD. 


Uy ,}oly and I’fjidr* (PhiJ. Mag. 1020, vi. .‘Ml, Kunicirnt to prevent the action. In many cascB 
.‘172) to separnle ordinary lead info isotopes hy ilio corrosiun of Ihc lead pipes would appear to 
centri/»/?a/jHing the molle/j n#c*fal did not mcef he due* to the pre.sence of a free acid in the water 
with siioceas. • .supply, a.s js aji/>an'ntly the case with one of the 

melting points of two varii'fles of lend, wafer sujiplies of Shetlield, and also the water 
(lifferimr hy 0-8 in uf-oniie weijjlit. were found hy sujipjy at Iluddersliekl (Allen, he., also Chein. 
Richards and Hall to agree within 0 Of/h 'J'lie News, 4»I. 88). 'I'he waters most liable to act 
index of lefnu-iion and the solubility of ilie ujton lead are those obtained from upland 
nitraU*# derived from t<‘.st b-ad and lead *4 gaibenug grounds, waters whicli are soft and 


aton)i<^ weight 20II--12 were found to be practically 
idontical by J'lchards and Sdinib (.1. Anier. 
(4iem. iSoc. IPIfS, Hi, I4<»!{). Picbards and 
Wadswo/fb, how<'vcr. found the density of 
ordinary lead at 20’ to Im‘ considerably Inglur 
(Il'IlTT) than ^fh.'it of lead c.\trarlcd fnun 
Au.straban radio-netivi* iniiierak (JI-28S); .is 
the atomic w(-igbts vary jiiop<irlioiiaf.<‘lv 1o 1b<‘ 
densities, the atomu; volumes me idiMitual, 
viz.: 18*277 and 18 270. Jt i.scijilcnt that Ihc 
isotopes only differ from one anotbei in r^isjioct 
to mass. **• *■ 

Li'ad is easily oxidisisl by e\|iosurc to the 
air. and in the linely <livi(h*d .s(at<‘. a.s obfuincd 
by the (Iccoinpositinii of (lie f-artrati- by lieat. is 
pyio[>boric. it IS not atfack'ed by air-irecd 
water, nor by diy air ficc from carbon dioxuh*, 
but easily suffers eorrosion under the eonibmed 
influeiKiC- of air and moisture, or of water and 
air, lead bydroxide beino luodiiced. Tins dis¬ 
solves in the wat^'V and is eonvi'rted into a basic 
carbonati' by the earbome aeul iircsuil. 'I’be 
action of waU-r on lead is materially inlliK iuial 
by tile )iresene(‘ of ainab amonnis of salts: 
nitrates are supjiosed to further the action -tins 
is ospci'ially tun* of aminoinum nitrate— wlu-reas 
clilorules, sulpliafes, l ai li^mates, and phosphates 
retard the aetion. Cldorides. sulpliaU's, anil 
Marbonates, especially the last,'<bniini.sh the 
solvent ai-tion of lutrati's ami in some cases 
destroy it •altogether. Water satuiated with 
carbon dioxide uinb'r oribnary pressure has but 
little Solvent aeVion on lead, but nmler a jiressun' 
of six atmospheres, the sohent action is con¬ 
siderably iniai'asiMl In this case als<» the 
])^^^solU'(* of ammoinum ml t ate and of ])olassunn 
carbonate tends to ivtaid the ai tum. 'riiese 
conclusions arc drawn from t he idiseivations ot 
Muir ((’hem. News, illl, Id2. l2o, 145; 21, 22:i, 
il24), who lias also studied the inlliieiice ol salts 
on tlio solubility i>f the basic carbonate 
(Pb(’0,)LPb{(HI)„. • 

’riic^order of solubility of this compound agrees 
very nearly with that of inelalbe kail in solu¬ 
tions of the same salts (Muir, t’bem. Sue. 'I'rans 
31, b(W). I’lii* ihlliKiJiei' of small <|Uiwitilu'H of 
free sulphuric iieut on the <*onosiim of lead by 
saline solutions has bemi stinbed b^ \V. (‘arJeton 
Williams (J, Sue. (hem. liul. (i. 111). The 
jiresence of 1 graiit per gi^lon of free acid 
notably increases the action. Allen (('hem. 
News, 40, 145) found that wwter taken direct 
from the main in one town in Vorlcshire, and 
having an aeul rcai'tkm, wlien left in contact 
witli lead. (Usaolvod an amount of leatl equivalent 
to 0*12 to 0*60 grain per gallon, but after the 
water had Ix'on made Alkaline tli« 

amount of lead dissolved was equivalent to 
0*14 gram per gallon only. C'rookes, Udling, 
and Tidy aserilic the activity of water towards 
lead to deficiency of silioa,and are of theopiniou 
that from 0*5 to 0*7 part of silica jxir 100,000 is 


usually of remarkable ]mril^. 'J'he jiresciiee eif 
peal in wali'r incri'asc.s il,,s»ucf ion on lend, cxcejit 
when the water is jieriiflineiitly hard (H. 

J. Soc. (’hem Jnd. Ibl.'!, .'12. 847). Tlio activity 
of siicJi waters is by many attiibnlefl to iiie 
)iicscn<*e of free acid (V/. T F. Krankhtnd,Soc. 
(’hem. Ind. 8. 241) (r. Watuh)- * 

Since an l;K‘ililat<‘H*lbe solvent action <;f 
water, an intci inittcnt watcr.siipi«ly is favourable 
to (he irunJaminalioii ot the watei, aiur as 
lengthened eontaet witli lead in the ens(* of 
ai^ active watei will natinaliy rc'sult ni a eon- 
suli'i'.ible |)i'oj)ot'l,inn ol tlie ineial being dissolved, 
it i.s advi.sabh* to run otT the ■vvatcr lliiif lias been 
stiindmg over nigliljin the jupcs, as ‘-iieh water 
may bo untitled for dnnknig juirjMise.s. 

l.ead IS dissolved easily by dilute mine acid ; 
tlie action of coiwentrati'd ueid is soon airested 
by lh<‘ fornuitiou of a pioti-ctive layej* of '-'ad 
nitrate on the siirfare of Ibe metal Dihiie 
livdroehloiic and ddiiti* miIiiImiik acids d . not 
attack li'nd, but i‘. is ilissohcd by boiiiiiL' con- 
ecntralerl livdrocldoiK' .iiid sid]tliuT'jc acids, tend 
eldpmlc and lend su!]>}).ite biiiig fi>riiied. 

heail J.s laigi'iv used in lunldiiig <-oiistruction 
in llie f<»tn ot sheets, euiteis. sjioiits. Ac, also 
for tiic iiuimitiHtun* oJ ])ipes till g.is and water, 
and of cables, aecuiiinlatois, and ritl<- bullets. 
Its ])ovver of resisting the ailion of acids, Ac., 
venders it of gic.it service ly the construction 
ot chemical plant. <.</., su]])lmi'i(. at id ebainlicrs. 
'I’lic lead ]irefeiTc<l tui ibis pnjposc is^iblnmi'd 
by rcmelting old lead, ami is liurdened b\ a 
small jwnount of antimony.* J^X|)criim‘nts of 
Johnson niul Calvert (Coin])i. rend. 5(i. 401), ol 
llaseiielever (Wag J. 1S72. 230). and of IfaiUT 
{thifL 1875, 3t>4) have shown tbal oijlmary leads 
resist the action oi snipbnrie acid mor(‘ effectively 
than pim* lead. Lead is also an imjioTtant 
constituent of manj’ alloys, c.'/. soldei, tyjie- 
metal, bearmg-inett#. lusible hIIovk, and pAwter. 
Bullets tor^uiootb-bore smaj) arms aie haidencd 
with antimony to give them greater penetrating 
power.* 

Sheft hod. —For tin* manufai^ture of sheet 
lead, market lead is east in a plate severahnehes 
in thickness. Wlien Hie plate is solnewbat cooled 
it IS transferred to the rolling mill, whii'h cun- 
sistH of a pair f>f massive iron rollers, about 
IS^ineboft diameter and 8 feet wide, wdiicli arc 
worked l^v engines with reversing gear. The 
rolls are jilaeed in»th(j mikldle of a long bench, 
a little wider than the rollers, and about 3 feet 
liigh : at intervals of a foot ahlbg the bench are 
placed wooden rolls on tlie same ifvcl as the 
rollojis, which serve to facilitate tlie movqjuent 
of the sheet to and fro. By passing and rcpassing 
the plate l>ctween the rollers it is gradually ex* 
tended into a sheet, wiiieb, when too long for 
manipulation in the ordinary way, is cut into 
smaller sheets which arc rolled separately. Or 
the sheet inav be doubled over, the surface 
being previously chalked to prevent the adhering 
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of tLc two sheets, and the doubled sheet rolled ■ 
out to the required thickness. The lead having 
l>een rolled out, the edges and ends ot the sheets 
are cut straight and tlie shoot wound on to a 
eyhnder at the end of the bench. 

head pipes are u.sually made i?i nirielnnes 
worked by hydraulic [)rps.sare. Over the piston 
of the press is a ros(Tvoir which contains the 
metal, and which iqay be boated by an annular 
iii'e})lacc. The ro.servoir is tilled with molten 
lea^ by a spout throu^l^an aperture m the toj); 
wIk# filled the spout i.s withdrawn and the 
apcrtur(^ closed tiglitly by an iron jilug, l«!pt in 
]K)sition by uu iron key The sr/.c ot the pijio is 
regulate.d* l»y a sli'el die of t he diameter of the 
outside of the pipe tilted at the toj). the interna! 
diameter t)f the j)ipe being determined by a 
miMulnl which ]iass<'s direct ly through the centre ! 
aii»l is moved u])wurds by the rising piston, the 
s(‘iui-tnollen metal being at tlie same time^orced 
tiirongli the die. A« the pipe jiasses out at 
lop it is culled on to a diuin. 'I’lic jnpi's used i 
for gas-serviees are sometimes made of meta! to ] 
which either tin and antimfmv jiave bi'cn added I 
directly, or these metals may lie supjihed hy tlie I 
addition of a iiarder lead containing (!iem 

head shot is mad<' by alloying tlie metal witli i 
arsenic p e.), which is added citlier in ' 

the lorm of wiiite arsenic oe arsenical dross from ' 
the improving furnace. 'I'lio addition of arsemc 
serves to im]iart a grcatcT flunhly to tin' metal 
and incjeascs ilio tendency ot the metal to 
a.ssumo a splierical foim in jiassing thioiigli tlic 
jxir. With too little aisenic, th(^ (lro]is are jiear- 
shujicd ; with,too mueli, the s[ia|M‘*is double 
convex. Tlie molten metal is made to lun 
through ciilicndcrs, and to fall a consirieinlile 
height into water-butts. A small amount of 
siniium suij)h!dc*(about p.c.) is added to 

the, wa^-r to prevent oxulation of the lead. 'I’hc 
height requireit for the lull is eith<-i seeiivd liy 
means of a shofe tower, or by a deeji well, the 
sliaft ot an ohl coal jnl being m sftiue eases 
ada])ted for Hus |iurjio.s<-, 'I'he sizi* of the shot l 
IS determined by tlie size of t!u' holes in tlie i 
cullender,•!)>’ the height from whtcli the lead ^ 
falls, and by the U'mjierature and conseipicnt ! 
fluidity of the moltmi metal. 

The siiot, taken from the vessel m winch 
it has solidified, is sorti'd ^ sicviim into ditfereiil 
sizes, and the ♦m])erfeet ones mqiarated by 
causing the shot to loll down an inclmei| polished 
meta! surface, or a wooden table slu(iirig at l.h‘’. 
The^icrfect shot acquire the highest velocity and 
shoot well over the edge of the table into a bin ; 
the imperfect fall sliort of this and are gathered 
apart. ')'ho shot is finally polished hy shaking 
with a little grapliite in a cask revolving on a 
horizontal axis. 

• » ' 

LkAI> CoMPOU^■l>S USED IN THE A/tTS. 

L^nd oxide, had moaoxirfr, or plv.mhic oztde 
PbO. 'flie varieties of this compound are 
mttsMKol and litlifirtje. the former name referring, 
strictly, to the unfused, the latter to the fused, 
coni])ound. I’ho tendency, at the jiresent time,^ 
is to use the term ‘ litharge ’ for all varieties of 
lead monoxide, I'lic compound is obtained when 
molten lead is heated at a moileratc temperature 
in a reverberatory furnace, the molten lead being 
constantly stirred. It is formed in the first 


stage ot tho manufacture of red lead. After 
grinding, lovigation, and drying, it is obtained 
as a brow'iiish-yplHiw' powder, usually containing 
some metallic lead, lead ])eroxidc, and grit. It 
is gene.rally known, commcrciallv, as ground 
litliarge or mns.sicot. 

l,.itharge is jirodueod when Iho oxidation of 
lead talves phieo at a temperature sufliciently 
high to molt tho oxide fonuoii, as in tift eujiel- 
lation ]>roeess. When manufactured for sale, tho 
i ]>inest leatl is submitted to eujiellation ; if the 
[ lend used is not quite pure, then the portious <if 
j litharge liist formed and that produced towards 
jfho end of tho operation are rejected. TJie 
htimrgo as it forms is colleet^l lu large iron 
[lots fitted on wlieols, in which it is allowed 
to coo! slowly. When tho pots arc emjiticd, 
the litharge ‘falls,’ the icntral jiorlions which 
have cooled more slowly being somewhat lighter 
m eoioiir and jiossesKing a scaly crystalline struc¬ 
ture. 'Ilie more friabh* poii^un i.s broken u]> and 
passed through a circular teinsc or screen, and 
sold as jl(de liihnrfjc. 1’hat portion ot the 
lit harge which iloe.s not fall, hut remains in hunl 
cnhermit masses is groumi between liorizmital 
.st<]iie.s III a Btr<‘am of water, run into settling 
tanks and dried at a low t(‘mpcraluro in a 
reverberutoiy funuu^e. This is known as 
['■I iii<ilrd lillui!(jr. 

A iiiecliaiiieal finnivee for making litharge 
was patented by Noad in !Kt)5 and was modified 
j and imjiroved later by liarton and others. It 
consists esbcntially of an iron pan, fitted with a 
<-ovi‘r and stunng jiaddles and connected with 
fume-coiidensmg chambers by an upriglit shaft. 
Molten le,ad is fed m 'Shrough a side japi* during 
the ojieratioip Lead is heated in tho jian to a 
tmujicrature of b(l(l‘L!., stirred and Hjilashed hy 
the jiaddlcs and treated with a blast of steam 
and air, wlueli enters through a jiijidhn the cover. 
'I’lie fume of linely ihvidedji'iid and lead oxide, 
mixed with tlie gases, eseapesHhrough the u]>* 
take and passes to the condensing chambers. 
TliH hthargc-diist collected in these is sometimoH 
lc\igated to reduce, f lu* amount of blue lead in 
It, sometimes ealeined at a high teinjieratureand 
then siflcd. Attemjits have been made, by 
heating tlie uptake from the jian, to oxidise tho 
: blue lead m tlie efiluenttume so thoroughly that 
subsequent treatment is not required. 

'I'lie htjiarge obtained by this method is 
canary-yellow in colour and very fine in grain. 
It may (contain as little as 0*05 p.c. insoluble in 
ai'ctic acid and U’OO.') p.c. insoluble in nitric acid, 
ancl IS thus jiractiealiy free from grit, metallic 
lead and loa<l jieroxido. Jt is esjiecially valuable, 
for proofing fabrics and for conversion into 
pigments. 

The colour of lead oxide varies friiiu lemon- 
yellow to red<li.sJi-y(‘lhi-y, and on heating or 
exposure to light it liocomcs brownish-red. 
'rh<5 yellow '.oiriely is also turned red by 
moi-banieal conijuessioii. 'J’he solubility of tho 
red form is 0'02t», thlit of tho lemon-yollow 
0-047 gm. niols. in norniaj caustic soda at 20'’ 
{(dasstone^ doui (hem. Soc. 1021, 120, 1089). 
'I'lic sp.gr. of diil';,reiit varieties of lead oxide 
arc given by (Jeuthcr (Ann. (.’him. J’hys. 10, 
Tii.) tHMil) as follows : yellow cryst. 9*29 at Ifi"; 
red cryst. 9-120 at 15® ; red cryst. 0*126 at 14®; 
red powder, 9-09 at 15®; and red, very ])ure, 
8*74 at 14®. The meiting-point is vanously 
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given as 770, 870, 888, and mX Litharge is 
reduced by carbon monoxide at iOO*^ and by 
hydrogen at 310®. It absifrbs oxygen when 
molten and gives it nj) again on slow cooling, 
falling into ]>owder tlje while. V\’hcn fused with 
sulphur, iron, /ine, ('o]i[)cr, antimony, and 
several other eloineuts, it oxidise.s them and tlie 
oxides dissolve in the molten litJiarge, provided 
this is |fresent in auihcieut amount; 'llius J part 
each of ferric oxide, zinc oxule, antimony (»xi(ie 
and tm oxide recpiire 10, 8, 5, 12 parts, re¬ 
spectively, of lead oxiile for complete solution 
and fusitm. These properties of litharge me 
utilised in assaying silver ores ami refining silver. 

Lithargr- is |^Hed in the manutacture of flint 

gloss; as a glaze for earlhcnwaie ; l(»rthe])rc- 
poratioJi of lead acelate, lend iptrale, lead 
chr<jinate, load plaster, for diying oils, fur 
proofing fabries, and in flm manufacture of 
rubber and cleotrieal ncc.itmulaiors. « 

T’ho occurrenc-u ^./f native litharge “in Kur¬ 
distan has been described by Alex. Scott (Min. 
Mag. 1914, 17, 14.3). 'I’he mineral is rod, with a 
yellowish-brown streak, and )»artly crystalline. 
The S[)gr. is S'fil and analysis slu>w8it to con 
tain rbO, 07*17 ; t'uO, 2 (>1 : Sb.O;^, 0*30 p.c. 
E. S. Larson (Anier. Min. 1917, 2, 18) u1h<i 
records the natural oeeurrenee of crystalline 
litliargc from Austria ami California. T’he j 
mineral is yoUow nml Die constituent crystals j 
arc orthorhoinbie, biaxial, and optically ])osilivo. i 
This is surmounted by a reddish fringe of tetra¬ 
gonal, uniaxial crystals, optically negative, 
which are regarded as native massicot. 

Red Jjendf Mrimim. or JHimilne Tdrondc 
Pb^O^. The manufacture of rod l(‘ad is effected 
in two stages, the first lK*ing tin' poiivcision of 
tlio load into massicot or tlie ' dro.ssing ’ of the 
load, and the second the eonveision of the i 
monoxide iiito red lead of the n'ljuired shade, 
'rhese operations ai;^ usually conducted m two ; 
different furnaces. The dressing oven, is a Jow- 
arched furnace with a bed of firebrick laid on a 
bod-p)atc of east iron having raised borde^^ on 
(jach side ami at the back. 'J'ho bed of the I 
furnace is made to slope slightly towards a : 
median line, and also from back to front. On | 
either side of the furnace bed is a low wall, the 
.spaces betw'con which and the wall of tiio furnace ; 
form the two fireplaces. In front are three 
openings closed by lilug’id doors of east iron ;; 
the two aide ones c<unmunicate with tln' fire- ] 
places, whilst the central one, which is larger' 
than the other two, serves for the introduction ' 
and the working of the charge, and for tlio ; 
escape of the products (d combustion, whK'h pass 
into a hood of brickwi>rk in front of the furnace, 
this hood forming the base of the short vertical 
chimney attached to eacli furnace. In front of 1 
the working door is hrng a clnau with a liook ^ 
at the end; tliis serves as a fulcrum for the j 
rabble used in worlung the charge. Below the ' 
working door a space is formed by two vortical 
plates of cast iron on bHck wails, resting on a 
slab of stone or plate of iron on the floor, and 
supported by the iron plate which ^forms the 
lower part of the front of hhe furnace. This 
space in front servos to collect any of the oxi- 
dwe‘i product which may fall in transferring it 
to the waggons. The length of the furnace is 
about 11 feet, and the width between the bridges 
is about 8 feet 4 inohes. The' colour oven ’ is in 


: must essentials similar to the ‘ dressing oven ; 
; the bottom is flat and the slope from back to 
front not so great as in the latter Coal is used 
as fuel in these ovens; in some cases where the 
ovens are constructed with fire-grates and ash¬ 
pits, small coal may be used. 

The mode of working is as follows. A charge 
of from 22 to 31 cwt. of pig lead is introduced 
into the furnace, and a dai^ is made across the 
furnace of rough oxhlo intermiuglcd with load 
obtained from the grm^^iTg and levigatiou yf a 
jircvious charge. The temperature is so regrfaled 
as to melt the lead, which forms a beliiiid 
the dam ; the m<»licn lead is agitated by means 
of a rabble and splashed over the furua<*i' bottom. 
Ju this way the oxidation is iiromotcd, and as 
the oxide is formed it is ]Wshed toward the back 
of the furnace, tlie still unoxidised lead (lowng 
to the front. 'I’he oxidation is ])roim)ted by 
luhiiiii' a small quantity of 1 p.'* antimonial 
and wlieu completed the charge is raked 
out into iron waggons, and allowed to cool It 
18 next passed to the gnmling mill, whore it is 
grouml betweim mfilslones witJi a regidated 
supply of water. Tlie heavjei jjurlieles of lead 
oxide and metailio load which sink in the troughs 
leading to the settling cisterns arc collected aud 
used m the drossing oven to dam up the chajge 
of load. T’he finely ground ma.ssicot is cairied 
by the stream of water into settlmg tanks where 
it .subsiilcs, and after the water has been run off, 
it is conveyed to the ‘ colouring ‘ oven, spread 
out VI furrows and ridgi-s re.sembhiig a ploughed 
field, and heated at a carefully regulated 1cm- 
peratiire lor some hours, mitil it has assumed 
the required eliade. Wiieii liot, llie red lead has 
a ricli jmrplo tint, wluch becomes brigJit red on 
ooiding. 'I'he red leail is withdrawn from the 
ovens, and sieved or levigated* 

In the mamdactun of white lead .by the 
.stack process, a certain amouirt of the while 
lead (not more than 2 p.c. in a. weli-'-ondueted 
operation; becomes slaincd. This ‘off-colour’ 
material is also uaeil in making red load and is 
worked either alojie or mixed with ordinary 
materials. 

A limited amount of red lead is also made by 
oxidation of lead (or litharge) with sodium 
nitrate. T’ho nitrate,is molted in ii’on pans, 
heated to 340®, and the calculated amount of 
lead in thm» strips added. ^Vhen the oxida¬ 
tion of the metal is complete, tlic mass is poured 
inti) w'arni w’ator and tlio sodium nitrite 
recovered from the liipiors, after these have 
boon neutralised with sulphuric acid, by evapora¬ 
tion. T’he sodium nitrite is used in the dye 
industry for the purpose of diazolisatiou. 

Urange load or orange mineral is a variety 
of red load produced by the calcination of white 
lead. Formerly, the froth from the white l<md 
washing tanks was used for This purpose. J ho 
furnace-product is purified eitheiT by grinding 
finely and sifting, or it is water-ground, dried, 

' and sittod. This variety is used foil-the pro- 
auction of paints, colours, printing inks, md 
enamels. The finest jpudes have a vivid orange 
tint. Orange lead differs from red load, not 
! only in colour, but also in bulkiuess and in its 
behaviour towards linseed oil. It is much more 
bulky than rod load; the measures of equal 
, weights of the two being as 7 :6. This property 
is of great importance in the printing-ink trade. 
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When orange lead is mixed with linseed uif or 
varnish, the mixture remains soft on keeping, 
whereas red lead soon sots up with these media 
and the product cannot be thinned again. It 
is customary, therefore, wlien using red lead as 
a paint, to mix it shortly before use. 

The cause of the variation in colour of the 
many grades of red and orange lead is not 
known. It has been found in laboratory experi- 
menta that small (juantities (OT p.c.) of lead 
nitrate and caustic »oda have a considerable 
et!o«^ producing, in the*rirst case, a j)ink colour, 
and, m the second, an intense red. When red 
lead is iftido by heating monoxide and peroxide 
of lead with caustic potash, the doptli of colour 
depends bn the ennccntiation of the alkali. 
The.se facts, however,ttlirow no light on the 
variations observed in large-scale operations. 
In ^hesc, the nature of the original mat(>rials, 
the control of furnacing tom])erature, and other 
factors, have a determining eifoet on the 9oI<mr 
of the product. 

('oinmcrcial varieties of red lead vary con¬ 
siderably in their content #)f aetivi* (peroxuh') 
oxygen. The peroxide equivalent ot this tti 
the pure compouml, (/.r proximotely 

21*1)0.PbO,), is 34-t) ]).(•. A good average 
hrunrl may eoutaiii 23-25 p.e.; extremes eon- 
lain 5 and 34 ii.c. For similar eonditious in tin* 
eoloiiriug furnace, eacli Kind of monoxide 
shows a maximum peroxuiation, more or less 
definite, though the time required to establish 
this varies considerably. The past history of 
the monoxide alTects tlio progress of oxidation. 
Thus both yellow and red litharge am* roasted 
lo red lead muclt more slowly after washing with 
water than after air-scjiaration (O. W. Drown 
aiidA.K. Nees.tl.Ind. Eng.diem. I0](i,4, 807). 

The cIToct of ^arious factors on the rate ot 
oxidation of litliarge to red lead lum been studied 
by J. MiJbauc% ((3ieiu. Zeit. 11)09, 33, 552, 
950; 1910, 34. 139, 1341 ; 1915, 39, 858). It 
depends more on the squree of the litharge than 
on the size of the particles, and is ileereased 
by the addition of small (juantities of nitric mud 
and ammoi^a, but increased by the mtrales of 
lead and sodium. Of tlio metals, silver facili¬ 
tates oxidation at 300'*, but its iiiilueneo is not 
observable at a higher temperature ; bismuth is 
inert ‘and zinc and antiinol^ act unfavourably. 
'I'lic velocity of oxidation also deji^ids on the 
temperature and on the partial pressure of the 
oxygen. • 

Drown and Nees (o/>. jam cit.) state that the 
yellow^ and unJused varieties of litharge are 
more slowly oxidised than the red and fused 
forms. They have determined, under laboratory 
conditions, the optimum temperature of oxida¬ 
tion of various materials to red lead. Thif^, is 
425®-430® for white lead, and 450‘^470'' for 
litharge and lead sptmg^ (the latter obtained 
by electrolysing both acid and alkaline solutions 
of load). Aecorfting to their experiments, lead 
is not dire^itly oxidised to red lead, but only 
vid ^e monoxide. 

^ Tlieso _ observers have also studied tlie 
microscopic structure of red lead and have 
determined, the density of numerous specimens. 
The following is a brief abstract of the results. 
Red lead may be either crystalline or amor¬ 
phous ; no definite form can be made out for 
the crystalline varieties. The specific gravity 


varies from 8*32 to 9*16; it is lower the more 
nearly the composition approaches to PbaO,, 
end its value depends on numerous factors*, 
such a.'? the temperature <>f oxidation, the lengih 
of time of heating, and the physical character *4 
the original material. 'I'lie apparent density 
depends mainly on the finenesH of the particles, 
decreasing as the UnenesK iuereaBes up to a 
certain point. • 

When heated in vaeii6 to 530®. red lead is 
rapidly and completely eonvertefl into lithaige. 
Heated in a cIohocI space, between certain limits 
of temperature, the eomfxuiud Is dissociated 
into litharge (greenish-yellow in colour) and 
oxygen, and an equilihrium-system <il two (oiu- 
ponents in three phases is euahlished. 'I'ho 
dlssociation-prcHSuro of the compound is thus 
a fiiiietion of the temperature. 3’ho iiressure- 
temjieraturo curve lias been determinod by 
Keim^irs and llainburger (Zeltseh. anorg. ('hem. 
1914, 89,*71) between the tcWlperatuies 445® and 
007®. It is smooth and gives no evidenee t)f 
the formation of intermediate compounds or 
solid solutions. Wlien the oxide has been 
purilied by exlnictioii with solutions of acetate 
or nitrate of lead, equilibrium is much more 
slowly attained than when tlio oxide is rnide, 
(Kor the action of oxygon on litharge at high 
tempf'rature and jiressurc, aep p. 89.) 

Siiveral melboils for the preparation of pure 
Pb.,(), have been given bv Milbauer (('hem. 
Zeit. 1914, 38, 477, 559, mm, 687; e. also 
iJuniiiH, Ann. (3nm. 1832, 49, 398; and Ia'VoI, 
1840, 75, 108). Kor example ; (l)cxirae.- 
tiou with 10 p.«i. Holntion of nitrate or acetate 
of lead, or with ctiiieianirated potash solution, 
of the oxide obtained by oxidising litharge at 
470", or that obtained by fusing litharge and* 
potassium nitrate, (2) Dy heating lead peroxide 
Ph()„ with molten nitre at 470' amf extracting 
tlie product with water. 4^) Dy heating a 
mixture of monoxide and pefoxide of lead 
(3l*b(); 21*1)02) with a solution of caustic 
])ota!#i eontaming 200 grams KOH disBolved in 
100 e.e. wttiei. 

Rod lead is regarded by some chemistH, 
following Dunuisfep. ell.), as lead orthoplumbate 
Pb^PbOfl, and its formation as due to the com- 
hiuation of the basic monoxide PhO with tho 
acidic dioxide PbOj, which is tho initial oxida¬ 
tion-product of the monoxide. Under particular 
conditions ot oxidation tho mota- or the fiyro- 
plumbate may be formed in a similar mariner 
(e. p. 80). if a mixture of litharge and red 
lead of higli active oxygen-content be eoinjiared 
with a rod lead of lower active f'jxygen-contcnt, 
but equal to that of the mixture, it will bo 
observed that they differ, cspeuially with respect 
to their behaviour towards linseed oil. Such 
facts have led to 'speculations on the chemical 
nature of red lead and its rclatioiibhip to litharge. 
iMendelecff’s hyji itlicsie of the polymerisation of 
leatl monoxide (and other oxides) has been 
applied by \A'a(le lo tlu5 problem under oon- 
siiieratiou. It is as.sunied that the polymeride 
has some suc^h formula as PbjgOjg; that oxida¬ 
tion of litharge trkes pJace ^adually and 
uniformly through the mass and in such a way 
that BUceessivc stages, PbjjOi*, I’bjjO.j, &c., 
are passed through. When the stage of oxida¬ 
tion represented by Pbjj 0 i|(= 4 Pb 304 ) is 
reached then pure red lead ia the product. 
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Many of the prc^sent obscurities on this 
Rubject will probably vanish when knowlctlgc of 
il>e hfunogoiioily or otherwis* the grains of 
red load has boon a<*(juirod. 

Wlion heated, red leafl assumes a darker 
shade of rod, iMJCoiuing violet ami ultimately 
black ; it regains its original tint on cooling, it 
is d('CO^)oHod by nitne Hei<l, lead nitrate and ; 
the ])U#jcoIoiired peiojiijlo I'bO^ b«‘mg formed ; 
when (?^OHted with nitric, acid and a liUle sugar, 
the red lead is e(»tn{)le.t<‘ly <liKHo]ve(l Alcohol 
cxert.s a reducing action similar t<j that of sugar ; 
the lead passes into solution as nitrate ami the 
alcoliol is oxidis(5d to acetuld<-liydc. R#*d lead is 
used as a piyinent, and in Ok; manufaclnre of flint 
glass and optieaVglass. When used lui the l.dfer 
it must he free from non, (topjier, antimony. 
iiK'lalhc load. an<l h’ad sulphate It- is also used 
as a e(‘mmit in making st«“iiiii |ohi1,h, und in tlu‘ 
manufactur*^ of secondary batli'iics. ^ 

ll7///c/cm/,(,V///-. lUinicdi lU'Vxl), k'l-lu ( 

'I'he terui ‘ white lead ' has been useit in Kngland 
for at h'HSt three cmituiK-s to de.scnhe the 
mi.vtnre of basic eaiiiotiiile (or t.irbouates) ol 
lead and varyuig (luaidilu's of i*tliei lead <-om* 
p(mnds. whieii is ]irodiuetl In (tie action oi an, 
iiioistuiv, iiaiboii tlioNide, and a<-etic a<-ul up<'ii 
lead Within comparatively leu nt limes, otlu'r 
metliods «d maimlaetuimg vilote lead ha\e 
been ilevelopi'd, hut. most ol Ihe tni<])iit at tlu* 
present <lay is still deiivial fioin the re.ution 
of the almve-nanu'd materials and tiy methods 
which are only vurialioiis «»f lliose us(d by the 
ancients. 

'riic Stack /nofv.ss.- It is esliinalcd that 
about 70 ]».e. of the \v,lute lead pimluecd m 
England is jna<le by the stack ^uoccss Thi.s 
c*s liovelojiea from the old DiAcIi, and still 
oaiiier. jirmcssec. in winch lead and pots of 
vinegar weft' embedded in ferim'idin^ liorsc dung 
and stable litler. ^'I’be xim'gar is ?e]d.i('ed by 
aeetic acid, p>cpaie<{ from jiyioiigneims acid 
and the dung by sjient Ian. 

'The suhstitntion ot spent tan for slatilejitler 
minunises tlu; I'lsk of diseoloialiori of I lie white 
lead by snlpiiurclled hydiogcn. but tlie fermen¬ 
tation is somewhat slower, and ('onsei|uently 
tlio conversion of the ‘ liliu'' li'ail into wlnb* 
lead reipnres a giealer length ot turn'. 'I'lie 
fermentation of the tan is thought t-o be due, at. 
lirst, to baeteiml acluyi. In any case, heat is 
<lcveloj«‘d and ihe tenijieraluu- 'may n.se to 
80“(k, thongli 50 ‘ bO ' is moie usual, i’he 
carbon dioxide necessary for the ]iroeess is 
produced in the leinieiitaiioii, and the tan }mrt.s 
with much of its watiy'. ^ 

'ihe lead maal for tlio inanufaeture of wiiitc 
lead should he pure, uml the maiiufiietmer 
usually i-eliues it for thi' jmrpose. i’he presence 
of small amounts of^yopiier uidimoiiy tends 
to produce a winte h-tul liaving a dull grey 
tint. A rod or junk colour, u,*, limes observed 
in the white lead, lias lieen attiibuled to tlu' 


8oi!di/ying, the crates, buckles, plate?, straps, 
or wickets, ns they arc variously styled, arc 
I easily detached. Some is also cast in thin 
j circulfir discs cir stars. In some of the works 
'in this country and in America, the ‘plates’ 
and ‘ wickets ’ arc cast by machiuory. i’he 
machine consists of an endless band of square 



I'io. 2 S. —i’liK Staoiv I'kockss (diagiaiuinati<5) 


a. Ii»n.ir lio;ir(b; />. KIttor In am-i; c, V\cik 1 }>liM'ks 
lvc( jioig apart; d Itcaiiis iiii'Icr woixt l>loeks , 

(’orroiliiii? strips ol li'.ut, /. K,irlhi‘ii\\..i>-i(otsco,i- 
taiiiiiig ililulc .i« rtit aiiit, <■/. oiik hark. 

]>kitt'.s of iron bilked together, each ]>late being 
11 iiionld, into winch tlu- lead is poured as the 
)»ijitc,s are slowly moved undoi the spout of 
tlu'^’lcad j)ot. i’he east.ing.s aic deliveied at tlie 
end oil a leafiiei belt co\ eied with jdate.'^ of sheet 
iron to picxcnl the hot h-.ul injiimg the leather, 
i’his m.icliine can make from 50-00 eastings 
per mipiite. 

i’he eoiioding h<ui.->e or stacks is a briek- 
woik ehamlicr liavmg an atea of 12 feet l»y 
20 feel. Ol |0 fc('( sipiare, and .i height <vf 25 te<'t. 
i'he front wait of tiie chamber is provided with 
an opening, -i feet wide, luiinirtg fiom the (op to 
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Ell!. 20.-—i'iiK l’haMbkti Piuicess 
■ (diagrammatic)*^ 


iiirsenec of a suboxid^ of lead by Bamiow ami <r. Sliapsol lead, t, Cartionic acid gas- r, O.vygeii; 
kraonioi-(lier. IS 72 , Mr.; 187:).21). exi.lu.ia- ^ <’■ «. A«Uc and vapour. - 

tion admitted by l.i.i'aclii-id, l.iit .iccordmy tlic l.i.ttom, which servos for the introduction of 
to Baker tlie cillorntion ,is eaulted by tli^* the materials used in the construction of the 
pi-esonce of tinely dividetf oxv-<“ompounds of ] stack. As the building of the stack jiroceeds 

sih-er. The lead' is east into* thm sheets of j the opening is closed by boards fitting into 

lattice work or gratings, so us to expose a large | slots, tlie top being, however, left open for the 
surface to reaction, by pouring molten lead on | purjiose of inspection. The stack is built up 

to a shilling grooved iron plate, from wliicli, on ' as follows: First, the floor of the chamber is 
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covered with a layer nf aKhea, upon which ia ; 
spread spent tan, already in a state of fermenta¬ 
tion ; the thickness of this first bed of tan is 
3 feet. 'Phe tan is beaten down and the surface 
levelled, and on tlic bed so fiinncd earthenware 
pots, partially filled witli a 2 or 3 p.e. solution 
of acetie aeiil. are placed side by side, leavinj; 
a space about 0 inches wule lK‘tw«*en tli<‘ tiutsKie 
rows and the walls of the chamber. The pots 
ordinaiily used are* of two sizes; the lar^'cr 
ones arc jirovided wkh a riiu the inside, 
on »*ich discs of the ^n(‘tai rest. They aie 
placed along the edges and .siipjiort Mio wooden 
liearers ifhich carry the tlooving hoards usr'd to 
cover in the bc<l. Soinotinies. jjois of one size 
iHily arc iiserl, and the flooring boards are sup- 
jioi’trsl by blocks of w4od. On the t<>j) of tire 
('ai’thenwaro imtsare jrlaerd the crates of metallic 
leruf. HO as to form a layer ot lend alrout^ 
inches in rlepth betwemi the iearl and the i o\er 
of flooring boards is Irdl a sjiaee of froin*<> to 
8 inches. 'Phe space between the walls ot the 
chamber and the pots is tilled in with tan on all 
suh'H, the o[K^iig in front closed by boards. 

(hi the bed ho constriK'terl niiothei' lied ih built in 
exactly the s.inu' way, with the exception that 
in the constniction nt the upper tx'ds the layer 
of tan m ,*nly about, 1 foot in thukness. In 
tins way cliaml>ci-s are filled up to a lieitMit 
ot 2(t iVet^'^’ morr*, and tin' tojnuosl lied i.s 
covered with a Jayer of Ian. In stai ks ot ati'ii 
12 fr^et liy 20 t<-cl. 3 tons of lead are set 
jiet fteightr and about lOOtt pots ot fri ini^hcH 
diann-tci, containing 200 gallons of dilute luetic 
iK’id. Jii stacki^ 2H te<‘t, by It feet, i'koIi JicigJd 
or set. imu' contrfvn as mncli as 7 t-oiis ot lead, 
the toti^or a stack of 12 heights being H4 tons 

After ttie stack is built it is left to itself for 
about thri'C monH^s. It, is tlien unloaded, the 
lot» coM'i-iB^ of tan is removed, and tin' bark 
Mini'll isliot Mio#Idy is used to add to fresh tan 
III tin' fonstriicthin of another stnik. 'Phe 
“corrosions' ]itcser\e the form of tin'i-astings 
ot the metal, but are mon* bulky, and jiresent a 
white opa(|UP a|t|ieurance. They vary in te.xture; 
tin' best cowoMons are hard and jiorcellanous, 
and can tie (‘iisiiy handled Mitlioul crumbling. 
wJiilst the jioorer are of a floury character and 
eruinble easily wlicn toinhed. in jilaces the 
white* lead is diKcolonred,*s*wing to the tarry 
matter present in 4ie acid used or dropjiings 
ol water from the tan. Before lemovat oi tlie 
corrosnuis Iron^ the stack, each layer ttn it is 
exposed is thorongldy moistened with water 
to keej) down the dust. It is usual to find the 
earthenware pots quite eni])ty and dry, though 
a few may contain water ; the jiots are washed 
and drained, and used again. The pieces of 
wlute lead wlneh fall on the bed of tan jre 
pieki'd nj) by^ hand, the surface of the lied is 
also raked and a further iju}«ility of white lead 
is g<(t from the tan by washing it on sieves in a 
stream of water.* 

1’he trajis of corrosions taken from the stack 
are fyink in a ei.stern of water and the contents 
are tUrected by means of rakes between eorru- 
gated rolleis running under a stream of water. 
After the blue !ea<l lias Is'en .separated, the white 
lead ia eruahed by jiasaing through a ]»air of 
.smooth rollers, made of gun-metal, and raked 
about over a jierforated plate, under a eon.sfant 
spray of water, 'i’he coarse white lead ne.xt 
VoL IV.—!/’. 


passes to horizontal grinding stones, to which 
it is fed by a ladle or by an endless baml. After 
liassing through these stones, the white lead 
issues in the form of a thick wliite mud. and is 
again passed througli other grinding stones 
until it has lK*en reduced to a state of subdivision 
80 fine that it is earned along by the stream of 
wafi'r to the settling tanks; tiie wl^it^p lead 
wliieh settle.s out in the troughs used tq^^nvey 
the water to the tanks is retnriu'd to tlie griiuting 
stone.s. 'Pile grinding ami levigating are con¬ 
ducted in .si)^'h a way tluit the water may be 
used over aghin. Before discharging tlie water, 
sodium caiiionate solution m mhlecl to precijii- 
tate the lead, present as solnhle acetiW,^'. Some¬ 
times the sodium carbonate is aiiiled during the 
giindnig })roeess and the resulting .sodn4m 
acetate eliniinatetl in the settling tubs luul titter 
presses. It is essential that wliite lead should 
he fre^* from lead aeotale. 

In tlfe tanks llii' white Iflld graduallv seftloB 
iind foims a thick wliite paste, fnun wliieh the 
wati'r iH sijihoned olT, aird wlion the mud haa 
attained a sufficient con.'-islenee it is laiUi'd out 
into the dishes used for drying it. The dishoH 
arc shallow clay saueers. i2 im-ln-s iliiinieier 
and 3 uuhes dei'p, and made ot clay similar 
to that. empli>yed in making Mower jiots. 'Ph<‘ 
dishes aic slacked in <lrying stoves iqion shelves 
intuii' of iron burs, tlie s1.o\es an‘ lu-ated by iron 
pijK's m;ul(' hi em ulate round the Moor of tlie 
slo\c. and conne<'1e<l m' 1 *Ii a fireplace oulsule 
tin- stove, tlic jmxlucls of combustion from tlie 
lire ]>assmg througli llu' pijH's. In this way 
the ]»ulp, winch contains 2r) 30 p.e. of water, 
IS griidiially lined ; Wlie temperatuie of the 
sto\cs sliouhl not rise above l8U'i‘’. (fi2‘^('.). 
Drying i.s a!so*»erfoimod in Hteani-lieated eoppei* 
pans, and under reilueed jiressure. 'Phe white 
lead when dry is packed in ('asks*or ground 
and inixeil with oil to forij^ a ])UirTt. Boiled 
linseed oil is used for this jiiitjio.se, and the 
' pasti'’ prodm ed contains fi-O ]).e. of oil. 
Dniifig tlie L'rmding, s.>ine inanufiKtnreiH add 
a small ([iiantity ol a blue colouring matter such 
, ns I’russian blue or imligo to tin' white lead to 
moddy the soinewltul yellowish tint due to 
the slams from tlie bark. 

'I'o obviate liie dangcis attending the drying 
of the pulp, the inethoil patented by Isinay 
(Kng i*at. 23OM0,1805), lynl known as ‘ pulping,’ 

; lias Ireen adojrted witli oonHiderable suceess. 
i In this jn'ooesK, the wiiite learl )tul]> fron^tho 
filter presses is mixrs) with oil and tlioronghly 
agitated in a pug-mill, with the result that the 
greater j«>rtioii of the watj.'!' is disjrlaeed by the 
, oil; the last ])ortion of water i^ driven off hy 
using a jmg-mill. provider! with a lieating jacket, 

1 111 wlneh the mixture is heati'd to a definite 
; and regulated teiT^ieratui'r^in a jiartmi vacuum. 

; Tliis nu'tliod contributes a coiisnlerable hygienic 
I advance. • 

One of the great disadvantages of the 
stack process is the laekoif control of the fer¬ 
mentation of the tun. Jn praeliee, great atten¬ 
tion is ]»aid^o this sutrjeet, the tan being kept 
tfnder close observakon (lurinj: the building of 
the stack Any irregularities'^n action, arising 
during the eoiTosion, naturally affect, the 
develo]mient of heat, which infiuenees the 
evaporation of the acetic arid, and the generation 
of carbon dioidde. 
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The Chamber Proenss has l)een developed 
chiefly in Gennany and is there used extensively. 
In this country, Gooksem’s GhamW Process, 
modelled on the (lerman, is in operation on tJio 
'I’yiie. The outst!indmt» dtlTerenees between the 
chamber and tin; alack /iroeesses aj-e that tun 
i(t dispensed wit/j as a s(njree of iieui ami cnrlton 
dioxide; ail the i)e(;cK,sary nuderjuls are passed 
into Mjc cori'odiug eluimbers in regulated i 
quantities and viny thorouj'h uonlrol of tem¬ 
perature and other factors is ]kissiI)Ic. 

The corroding ehnniluTs arc built of brick 
and are aiamt 21 fef*t hij:!! and 20-2i) feet 
Hquan\ The ^ases ari‘ y^Miciated Ihuk'uIIi tlie 
chatuhoTH i#!id witcr tliein tlirougJi [iijies in the 
floor: at tin* uq) of th»^ ithaml)crs there are 
ofxjnings for xontilation whi< li can be closed, if 
necessary, by wooden plugs. Air is a<lnnttcd 
through tlie sides of the chamber, near tiie base, 
'rjie refined lead for corrosion is cast ndo 
stra])a, without j^ei^firations, ami thinker fhan 
those used in the stuck process: these arc 
slung over stictks whicli are lairncd on arches. 
Th<‘ tolul weight of lead set in an average 
chamber is •}.')-55 tons. Carbon dioxidi^ is 
generated by burning weiglied qiianliiies of 
coke, of known eomiiositvon, the wcjglit of 
carbon burnt heing only slighliy in excess of 
tlie amount (‘venlually eonlanied in tlu' white 
lead, rei-koning on an avi'raue. coi rrision. Water 
ami acetic mid loc ev,i]»oiHU-d in fire-lK-atcd 
copper pofs, somewhat inon* acid being used 
tiian in the slack proci'ss. The tempiualurii 
is d0'‘-7()''('. and the heat is suppiied l»y the 
hot gases, supplemeuted t<» Rome i xtetif liy fiie 
licat of elieimeal uetion. t 

The time of corrosion is from Pi 1o bU days, 
%id tho profiortion of tlie lead corroded is 
gvoater than in the slack process; it, depends 
on the size*'jiml wmglit of llie strajis and on the 
quantity ol lead ,'^*‘1, in each lieedif Hefoie 
stri})))ing, tlie eiiaml'crs arc tliorouglily dn nelicit 
with water hy means of spis ial sprays piiu ed 
in tho VPiitihiting holes. The eorrosioiis are 
taken to tlie grinding nulls ami an- treated in 
till' same manner us those produced in the stn<'k 
proeetjs. 

'I'lu‘ follow'ing analyses of iliamlier gases 
are averages, o\er a long )*enod, f<ir two 
chambers: 

1 2 
Oxygon , 14‘0 15‘4 

’arbonihoxidc . pi;" 0-24 

These, figures are in.strucii\e a.s showing the 
extent to which atmo,s|)h(Tie oxygen is'.ibsorbed 
in the process. ^ 'rids jiomt may he enijiiiasiscd 
by a simple calculation. Suppo'^e that 51) tons 
of load are set in a elioiuber 25 feet cube and 
that 00 p.e. is corrodi,“d in 00 days. Tlie average 
temperature being (>0°(\ ; then the weight of 
atmospheric oxygen absorbed v.’ 2-:f terns, which 
occupies 02,300 cubic feet at 00'^. The absorp 
tion of oxygen is thus' in round numlx'rs, i0(K) 
cubic feet a day, which is equivalent to ono-tbird 
tho air-eontents of the ehambor. 'I’lq; atmosphere 
of the chambers is saturated with water vupoui'. 
The pressure of this at 00'’ is 150 mm., so that 
the gases contain 20 p c. of water vapour 

line groat merit of the chamber process lies 
in the control which can bo exercised over the 
temperature and the composition of the reacting 


gases. Tlic spaciousness of the chambers is 
possibly also an advantage, since it favours tho 
j convection ami diffusion of the gases and the 
establishment of uniform composition. The 
, altsenee of dirty bark and coloured drijipings 
results ill the w hite lead being cleaner than that 
/irodueed in the .s/ack.s. ('ojiiparison of the 
two product.'! shows flu* .stack W'hitc lead to 
have a pronounci'd grey colour, whereas the 
chamlier |»rodnei is ]nirc white. By selection 
of the comjioRition of {.lie reacting gasoR. a 
corroder cjiii naturuHy cause the oompi sition 
i>f the while lead to vary W'ilhin wii^ limits; 
actually, lie woiks for a product ol uniform 
comjKtsitioii. An iiveragi' analvsi^ .slmws: 
I*bl) -Sb-4; (X).-"ll-3; n,(i- 2-3 p.e . which 
corresjiojuls closely '■ with the formula 

3id){).2GOj.H^O (e.Mlcnlated : IMiO -SC- 3 ; .t'Og 
11 •+; 2-3) For Rimiliir gradivs i/f 

tiiieugss. the amount of ‘coarse’ (normal) 
oarboiinfe, insoluble in ililiite acetic acid of 
the same strength is (uiiy Od to 0 3 p.e. fur the 
clmmber white kiid, Init it vniies from t(i 20 
pe. for tbe Rlm.k*wliito lead. The lollowing 
hgurc', w'hieli are averages over a long perio»l, 
ilhi.stiab' this difference of earlxmation in tlie 
two proi'csses : 

C'liiiintuT ., , ... 

ulmiKa.l 


r.ui 1 run 

• r /■ \ j 

' 1 SH to gfu. 2x;2tog72j 2 07 

The gieatcr extent of «iuIm. nation of the 
stack proilm-t is thus clcavly shown. IVlu'Ti 
the .stacli is worked on a sliort lun (ii^'oul liulf 
the mamnl) the <-arl)omit'on* i*; not .so jtro- 
nmniceil ami tin* white Iciul iijiproximaic-s in 
cliaracin' and comjio.sition to the chamber 
product. 

’(’he Ciiemistkv or White f.EAj). 

Though So much has been written on this 
sulqect, it cannot he said that our kiiow.ledge 
ot the many clianj^^ winch take place in the 
coiiversion^f lead into whit# kad by the stack 
or elianibor process is in a satistaetory condition, 
and tlte general tendeney t(, s])en'k of white 
lead as a comiKnind, iiLstcad of a commercial 
jircjiaration, has given a spurious air of simplicity 
to what IS, in reality, a very complicated 
]*roblem. 

All are agreed that corrosions are not uniform 
in ..composition ; they vary from layer to layer 
and contain one or more basic carbonates of 
lead amf, in addition, acetate and normal 
carbonate of lead and. jxissibly, lead hydroxide. 
Tlie futihtv of calculating fomiul® from the 
analyse.s of selected pieces of eorr.sions is at 
once apparent. 

White lead itself is a more uniform product 
and IS probably simpler from a chemical point 
of view Most of the lead acetate, normally 
present in the corrosions to the extent of 2 p.c,, 
lias cither been washed out or precipitated as 
basic carbonate, either by the carbon dioxide 
of the air or by the addition of aodium carlntnate. 
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and any lead hydroxide which may have been 
present originally has likewise been converted, 
into basic carb«jnate during the washing process; 
and though normal carbonate of lead is probably ' 
present in all samples, the (piantity of it may ‘ 
bo small. The question then arises wliethoi 
the bulk of the finished wliiU‘ h'nd ran he: 
regarded as consi.sting of one comjKnind, and, 
if s<i, what formula ngfp we to assign to it ? 

The ability 'of majiufacturers to turn <mt 
white lead of tairly uoi\stant composition, in 
toler^le agreement wdth tlie formula 

has naturally led most writers on the subject 
to coneludo tiiat this ^(impound is tiie basis, 
as it were, of white lead, though it w<tiild be 
Jegitiinato to infer that a corujih'X mixtun*, say. 
of normal and hasie carbonates of lead was in all 
oases protiueeil and that inilforrnity in eon^iosi- 
tion .was only a measure of tho eoiitrol of eoi# 
ditioti-s exorcised tluring tho manufaeturnig 
process. 

The difticulty of diniding between these 
views arises from the pimr eliaraelerisalion (*t 
the material ami the consequent lack of satis- 
fiietory criteria for the oxisfcuiee of any dcdiiiiti' 
e(mi]>ound.s in white lead, except the crystalline 
norma! earhonate, winch is often only a sub- 
suliary eonstituent. As. however, a ilefmite 
haste, earbonati' <d the composition 

2 I’b('():, l’b{l)(l), , 

does exist (llawley, J. IMiys. Chem. 1 btXi, 10,054), 
and as it can las priqiared by similar methods 
and resembles white lead in })iopeilies,it maybe 
assumed that this compound is a constituent, 
and possibly an viuportant one, ot a good white 
lend, and the quesfion of the jiresoiice ot otlier 
iiaaic <‘fH?jnnateK in white lead may be left 
open. 'J’bo old uTca. wdiicli still crops up on ocea. 
aion, that white lead is a mixture of hydroxide 
and carbonate of lead is ernuieouH, and ft might 
be well to minimise the pos.sibihtv of tliifl error 
by writing the formula of tho basic carbonate 
on an analytical basis as 5rb(}-2(’()2dl2()- 
'i'his .would have the further advantage of dis¬ 
couraging names with a constitutional connota- j 
tion, 0111(1 it might ctk^h the absurdity of I 
representing white load with a structural 
formula. The statf'menl, so ofton*met with, 
that a white lead has the ‘thcoretieal oi^iqiosi- 
tion ’ must be read in tho light of the above 
qualifications. 

The explanation of the corrosion iirooess put 
forward by Lb-big and Hoehstetter (1837) is 
generally accepted, differences of opinion 
arising over what are, relatively speaking, 
minor points. The reactions postulated are :• 

1. Oxidation of lead, in presence tof water, 
by atmospheric oxygen a’nd conversion of lead 
hydroxide into l^ad acetate by means of acetic 
acid; 

2. FormlStion of basic lead acetate by reac¬ 
tion tietwoen lead hydroxide and (normal)‘lead 
acetate; 

3. Oouble decomposition of basic acetate of 
lead and carbonic acid, with production of basic 
carbonate of lead and regeneration of acetic 
acid. The acetic acid is immediately converted 
into its lead salt, during active corrosion, and 
this by combining with more lead hydroxide 


sets up afresh this cycle of changos. ^'iewed 
otherwise, one m^y regard the normal lead 
acetate solution as tho solvent in which lead 
hydroxide, produced by dmict oxidation of the 
metal, is continuously dissolving, and from whicli 
it is being continuoualy ])rccipitatod as basic 
earboiiale of lead by thi' carbonic acid. 

Tho aasumption of this succession of reactions, 
thougli satisfactory enough as concerits the 
luaiu issue, yet fails to represent the complexity 
. of the eorroding-hoiise process, for clearly there 
must bo ccas(‘less coirqMitition of the various 
1 bases [in-scnt for (lie two acids. Kull discus¬ 
sion of t his ])Voblcin would he out of place hero, 

; but brief mention may be made #1 sitme*effects 
whieli would follow distnrhaiKX' of what might 
bo called the normal proeesa of coirosion. 

Kx(;(‘hs of uoetic acid would tend to form 
' normal U'ad aeidate. both from the basic aecitate 
and basic earbouute; i^his were followed 
by excess of curbonic ai-iik the normal lead 
carbonate would bo precipitated. 1’he dis- 
appeaninoe of the core of blue lead from a 
corrosion, owing to tho complete oxidation of 
the nu'ta!, would stoj) the feed of lead hydroxide 
into the reacting sy.^tem with the result that 
normal lead ncelnte would be produced and this 
again would yield normal cnibonato by rrsaction 
w'lfli caiboii dioxide. l''inRlly. excess of carbon 
dioxidti converts the basic carbonate of lead 
, itselt slowly into the normal cnibonate. 

'I'he geiu-ral rcHiiIt of these changes is thus 
’ to increase the amount of normal carbonate of 
h'ml m t he (corrosions, and the relative stability 
; ol that compound tow'ards both acetic and 
I carboiiK- aculs tends tef its preservation. Thus 
* by till' assum[i4ion of those simple and probable^ 
reactions one can explain the degradation of 
white lead, that is, the production from tho 
I basic carbonate of a preparation rich in coarse 
carhoriHteiind not confonnniiftothe ‘ theoretical 
' composition.’ 

1 O^trr r«c(/iO(/‘ 'ijin<ihii\g Whic —A great 

j many methods have been suggest-ed and put 
into operation ; most of these are now only of 
historual interest, and none has attained 
techuieai iiufiortance comparable with the stack 
and chamber procosHes. Some of the methods 
are based on the old process, that i8, they use 
lead acetate ns intermediary; examples of 
those arc the french or ^'lichy, and the (iarter 
processes. . 

, in tho French jirooess, basic lead acetate is 
I produced by digesting litharge with acetic acid; 

1 or, ill a mo(fifie(i form of tlie pro(!ess, by oxidising 
i lead powrl(‘r or ribbon with air^n presence of 
lead acetate solution. The solution is then 
clarified by settling and carbonated, the white 
lead separated fror^ tlie lead acetate solution, and 
, the latter returru'd to the j[«-ooesH*for conversion 
into basic acetate. 

I’he Carter firoccss, used successfully in 
America, shortens the time of corrosion to 
12 days by operating on finely divided lead which 
is k-ept ill constant agitation. The granulation 

the meta4 is brought about by allowing a 
jet of higb-jircssiir^ steam to impinge on a 
stream of molten lead. This metal is then 
I plained in largi^ wooden drums, which revolve 
I slowly, and is sprayed at intervals with water 
I and acetic acid Flue gases, containing 10 p.c. 
i of carbon dioxide, purified by bog ore, are passed 
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through. Th(* unchanged lent! ifl conjstantly 
exposed by attrition. The ]jroduct is levigated 
in tho usual manner. 

Basic salts otlier than the acetate have 
been suggested or employed in some processes. 
Ill one of these the l»aaie nit rate is used ; in 
Milner's ]>roeehS, the basic chloride. 'I’he latter 
compound is jirejiared from litharge, hiKlnim 
cihlorifio. and water, and the nsultnig slmlgi* uf 
basic chloride and caustic soda is carlionatcd 
until tlio liquor is fric from aikali. Wlute icaii 
and .sodium chloride nr»‘ Unis produced and the 
salt IS removed hy washing. 

'I'ho Ihseliof process, worked by thi' Brims- 
down Leati ('<♦ in .Mulillcsex, differs, esjusnally 
111 the initial «tagcs, from any of tlie ahovc. 
Flake lithargi' is grouiul tirndy and reduced by 
water-gas to tlie black snb-oxiile of lead, Pbgt) 
(r. p. K.*)). Tills IS transfiTT-ed to steel pans, 
moisteneil with a Imputed quantity of v^af^T ami 
well stirred liy r<‘Vo|vnig blades. Jlyilration 
and oxidation take j>la<-e. The pioduct is 
mixed into a ])nste with water and eajlionated, 
after addition of a little acetic acid White 
lead is formed, presumably witli simultaneous 
generation of lead aeetati;, which forms basic 
acetate with the liydroxide and thus jilays the 
])art of catalyst, 'Phe whole ojierntion lasts 
about two day^. 

One of the most, mtcre.sting methods for 
making white lead is used m America, and is 
nailed the Rowley or Mild ])roc(‘H.s. Acetic acid 
and its salts, as well as salts of other acids 
(hydrochloric, nitric, Ac.) are ilispcnscd with 
altogother, and tlu' reacting substances arc the 
RimjilPHt possible, viz. I<*nd. oxygen, water, iiiiil 
^carbon dioxide. 'Plie li'iid, wlm^h niH'd not bi' 
of a high degree ot purity, is iinely gianulated 
as in the (garter process, ami the hlaclc, metallic 
sludge is agitati'd 24 houis in presi-ncc of 
air, 80-00 p.f. if tlie metal being tliendiy 
oxidised ami eoiivcrted into ‘liydratcd lead.’ 
’Phis i.s elutriated and then treated for 0t>^lours 
in rotary earhoiiators with Hue gases containing 
18 pc. of earhon dioxide, whereby white lead 
is [iroiluned. 'J'he jirodm-t reipiircs no washing 
or grinding and i.s said to have tlie ‘ theoretical ’ 
composition 

l^ropcrticK of Whife Lear/. -( 'oinmeicial white 
leads are not of nnifonn cuniposition ami they 
vary a good deal with n'sjiect to tliose important 
proycrtiOH upon which tlieir us(> us a iiigment 
dc})eiids. Such variations arc, howeve/, not 
uniquely comieeU*d with composition, they 
depend also on the tinenes.s and uniformity of , 
grain, on the ivescnce of normal lead ^’arboimtc ' 
and, possibly, on many other conditions, A 
sample of ‘ theoretical ’ comjiositmn is not 
neeessarily the best in actual practice. It 
seems to i>e adlnitted- however, tlint the carbon 
dioxide should full between II and l‘t }>.c., 
otherwise the white lead is (lefe<«tivc as a jiigmcnt. 

So far ns it is jiossible to generalise on a 
product which is not uniform, it may be stated 
that white lead is amorphous, of sji.gr. Ir4i), 
and it Joses water completely at ISO” w'ithout! 
parting with carbon dioxide? Tho grain depends | 
on the method of jircparation and the grinding. i 
'Phe grains of mild white lead are uniform in i 
size, whereas those from material prepared by ! 
the stack process vary in diameter from 0*00CK)2 
to 0*0002(> inch. f'robaPdy most samples con- ' 


tain cry.stalline normal lead carbonate, some of 
which is left fis residue when the wdiite lead 
reacts with dilute acetic acid. 'Phe onalysis 
of such a residue irom the cliambi'r lead shows 
it to consist ossi'iitir.lly of lead carbonate : 


l»b(’()., 

J’bSO^ 

('aC().,\ 

i-x’oj • ^ 

HiO;, . 

<irgiiiiic inulter 


07-81 p.c. 
0-84 „ 

0-07 „ 

0 04 
Oil .. 


It is goiicrallv adnullcd that tins (Tyslalline 
carbonate is usek ss ns i\ lugmeid. 

Much crmtriivcrsv has ar'seii with rqgard 
! to the chaiigi's which take ]>Incc wiieii white 
h'lid^s ground with linseed oil, the main kssuc 
hi'iiig W'helhcr liydrolysis ot the oil takes [ilacc 
; or Hot. If any jiavtieiilar ])ic|)aration of white 
; h'lid coiilamed icail h\dr(>\ich\ it would be 
1 natiual to exjicit ^lydrolys's or saponitication ; 
' but if it consisted of a mixture ot normal ami 
I busier caibonates of Icinl. tliere woiilfl be no 
' ri'aHoii a jtnfni to anticipate such a reaelioii. 
The expenniental work of Davis ami Klein 
! (.1. Soc. (‘hem liid. 1007, 2(>) has shown that 
h-ad soajis ar'- nul(;cd ioiincd tiom white le.ul 
and liusced oil. and that some ot these* a.i-e 
insolulile and olliers soluble m ether, hut these 
authors ascribe t.hciv formation entirely to 
reaction of tlu* white h-ad wiih the free fatty 
acids present in the oil. 'Phe e^id<-iice is against 
sa]ionilicalioii; in any <‘ase, \erv small amounts 
I of lead soajis an* formed. 

' 'Pwo obu'ctions til the use of wliite h'ad as 
; jiaint are that it is dis<'oliiur<‘d by hydiogen 
j Miljihide, iiw'ing to the fornialiou ,uf black 
' lead sulphide, and 1li.it d suffers from 
‘eJiniking' or ' flonvim:.’ a kind of granulation. 
'Phe (l(*1v*ct last im'ntnmed siimelitnes becomes 
evident a fi'w numths after the application of 
the paint. Its cansi* is obscure and haa lioen 
variously traci'd to the presence o! fatly acids 
in tho oil, over-heating (hiring grinding, and the 
jiresence of leail aeetatf* in the white lead (Are 
Holley, Zinc and Le^d Figments). 

f()7 White Lend. —‘ (Jeiuiine ’ 
brands ofAvhite lead are quire in England; 
n(lult.(*r^timi of white leatl with barium suljiliate 
is recognised both by muiinfacturera and 
merchunt.s, and .such niixtuji's are knqwn as 
‘reduced' wiiitc leads. (Jf sub.stitutes proper, 
mention may be made of the basic chloride and 
sulphate of lead. 

'Phe basic chloride is now of historical interest 
onJ>’. its mamifactun* having boon patented 
by Pattin^on in 1849 and abandoned after some 
years’ trial, ft wSs prepAred from galena by 
converting this into thi* chloride with hydnv 
chloric acid and precipitating the .solution of 
lead chloride with half its cquivalfrot of lime. 
The basic chloride has the same eoinpositiiM as 
the mineral laurionite, PbO, Ph(!l 2 , HjO. 

Bartlett's ‘ sublimed white lead ’ is a mixture 
of basic siiljihato of lead and zinc oxide. It is 
prepared from high-grade galena conc.entrates, 
containing some blende, by heating these in a 
modified form of blant-funiape and directing a 
powerfulbloslofhotairuponthemineral. Galena 
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is readily volatilised at a high temj>eTHturo, and 
the vapour on oxidation yields a dense fnme 
'which, after passing through coolers and dust- 
condensing Hues, is iiltercd through bags. 
When conditions are properly e<u\troUed, the 
product is fairly uniform in composition, the 
range of variation of tlic chief constituents 
being: 

Jjcad bulphato « . . 75- KO p c. 

Lead oxide . • • • 14-20 „ 

ij^nc oxide 5-0 „ 

The lead*is statfid It) hi' ])resent as the basic 
sulphate ’iPbSO^-J’bO, or 31M.(),2S03. The 
product a white, line inaincd, amorjdious 
powder, having the, co\(‘iing power of wlnlc 
lead. It is less siist epl^bh' tliun nhite lead to 
discoloration by hydrogen sulphnlt* and its 
sjK'cific gravity is slightly lower, vi7,. 0-2. It 
IS (‘sjiceiaUy useful in maKuig mixed paints^ 

• 

LkAD IVUSONJNO. 

'J'lic e>imj)oijml,s ol lead, tODie esj)ceially llic 
Soluble ones, are strongly poisonous, and .since 
the ])oison is eumulative. it ])ioduees serious 
results if taken into tlie system even in minute 
([uantiticK tor any length of tinux One way in 
wliieli lend IS introdiieed into tlie system is 
by the use of drinking waters, sonu' of wlueb 
easily attack the lead nf the pipes used for 
eonvey*ng the water. Again, the workpcoijle 
engaged in tlu' manufacture of lead and Igud 
eoiupoundfi, and those who use thmu in such 
trades and indpstnes as ]»ainting, printing, 
plumbing, lile-euiting, eimimdliiig, tbe inaiui- 
fauture of aecumulatois, china and eartiieiuvure, 
are liable to sutler from lead poisoimig. The 
symptoms are ]*aii in the abdomen, constijia- 
t.ion, los^ of aj)pelit(“, thirst, a nervous jirostra- 
tion known as ^ead }>alsy, epileptic fits, and 
total paralysis. One of the signs of cliromc 
lead poisoning i.s a blue line at tho iidges of 
the gums, due to the deposition of lead sulphide. 


j This lino is, however, not diagnostic; it is a 
I secondary effect arising from a septic condition 
I of the mouth and ifeldom occurs wium the teeth 
! arc sound and the gums clean. 

I Susceptibility towards lead poisoning depends 
on many things. Women are more susceptible 
^ than men, and the underfed are naturally more 
I prone to attack than tho well-nourished. 

‘ Ammuia is one of the eliief [iredispo.sing causes, 
j Most people become tolerant of the poison to 
I some degree, a certain balance being struck 
i between absorption and secretion. I'lns balance 
i may bo upset, with serious results, by tho 
' onset of diseaso or by a sudden increase in 
! absorjition. • 

' In cases of industrial poisoning, it would 
( appear that dust is tho cliii'f eauso of infection, 
j gastro-mte.stinaland cutaiieou.s absorption being 
1 <]iiito of .secondary imi>orfanee. Hence, tho 
; u.so eflieient exhaust ventilation in dusty 
• operations, such as the drjflhg of white lead, 

I has bei'u attended liy a very great decreaso in 
the mimhcr of casi's of ])Oii»oning, the ofliciul 
ligiires fur English white lend workers b<*ing .*190 
for the year IHhb and 23 for tho year 1913. 
ill! 1918 not a suigk* ease whs recorded. 'I'lic 
! wet-pulping process is a great imjirovemcut in 
this comieetion, and other important factors 
; are ^election, education and medical inspection 
! of the workfolk, provision of respirators, overalls, 

^ and simple medicines, and general nttentioii to 
hygiene and Ixxlily cleanlineKs. 

; ’ A portion of the lead taken into the sysLun 
: is excreted by the kidneys, and m eases of 
chronic lent) poisoning it is stated that tbe 
! admimsLratioii of ]iotag.sium iodide aids in tho 
elimination of lead from the system. Tho mode 
1 ill wliicli the compounds of this metal arc dis* 
: tributed in the ililTcreiit organs of tho body is 
! illustrati'd by the following results o:^att exauii- 
! nation made by Drs. Ifedso^i and Drummond 
and Sir 'I’liomas Oliver in the cas# of three work- 
: peo[)le who .succumbed to the influence of thia 
' formed poisoning 


Oeif^ription of oriiiin, Ac. 

bcailfouiiil c-\])rcHS('<l as nuAullic Leml m grains rali’uliitcd on 
Icatl in parts {»t imlllon tMal weight of organ 

_ 

1 

11 

in 

1 . 

i If. 

HI. 

Lasgc intestine • ^ ■ 

]41; 

37*7 ! 

— 

— 

; — 

— 

Small intestine .... 

!l-2 

— 

— 

— 

1 

— 

Muscle . . • . . V . 

:ii 

— 

-- 

• 

- 

— 

Lung ...... 

, ^-2 

7-b ! 



i — 

— 

Heart ...... 

(i7 

4-12 ; 

5-U 

0-0243 

j 0-0189 

00It4 

Mat^ma ..... 

4 K 

1 

— 


1 

... 

Kidney . , . . 

jr.-r. 

10 ' 

13-3 

0-027 

i 0 0229 

002(}1 

Spleen . 

J4-7 

12 : 

30-0 

0-0193 

. 0-0341 

0-0853 

Liver ...... 

47-7 

37-8 ; 

4J'(> 

0-018 

i 1 -oCo 

0-728 

Cerebellum and pons 

:«)■') 

— i 

__ 

-- 

; 


Grey matter of basal ganglia . 

r>» 

— 1 

— 

— 

; 

— 

f white subst?inc« . 

40U 

I8'!> 

— 1 

_ • 

” « 

_ 

_ 

Spinal cord ^ . 

— 

MO ! 

• 

0-088 

— 

— 

Brain. 

_ 

9-8 

210 

— 

— 

Gerebelliflh. 


24 8 ■ 

8-59 

- 


— 

PCns . 


22 G 


— 

— 

— 1 

Brain and cerebellum 

_ 

_; 

# 

— 

0-77S 

0-634 1 
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Lead mhoxfdc IMigO is formed when lead 
Other CoiwrouNDS of Lead. oxalate is heated in tho absence of air'at a 

Oxides. Besides tho wto oxides described temperature below 300“; or when lead oxide is 
above sevorRi others exist. ' reduced with carbon monoxide at 300“ (Biisloc, 
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Chem. Soc, Trans. 1900, 154). Jt is a black 
ve^p’ety powder of sp.gr. 8-S42 at 18% which is 
readily decomposed into tbo motal and the 
monoxide when lieatod or when treated with 
cauKtio soda. Dilute a(;idH liberate lead and 
yield the salts derived from the monoxide. 

L'(id fftHipiioxide. PbgDa is generally con¬ 
sidered to be either lead nietapluni bnt(‘ PblPbO^} 
or a compound of the mono- and di- oxides 
PbO'PbOg, into which it is decomposed by 
acids. It is a ycllowisli-red ])owder, formed by 
adding a solution of sodium hvpoi'lilonte to a 
cold potasli solution of lead o\ide, or by ])recipi* 
tating an acetic acid solution of red icad with 
dilulit ammonia. 

By heating inonoxidi*, [lentxuli', or carhonatr 
of lead to 4^K)'’ -450'' hi oxygen, at a piossure of 
100 atmosphen's, a daih bmwn oxide is formed 
of tho comjiositioii }'bf_0 ,,. 'I'Ihh may be 
roganied as lead pyropliimhatc I'Ik( 
and the relation ot jiyro- to orlho-jiluinbic aoid 
may bo represcnti'd : 

.'m,l‘b0,--41l2O - li,IV». 

(F. Pisoher and H. IMoet/c, Zcitscli. anorg. 
Chem, 1912, 75, 19). 

Ltatl peroxide (Lead di<n-tdr or J’ae( •roloiiwd 
(irtdc of Imd) PbtU is found native in fdutlvt ntc, 
which crystallhses in black hexagonal prisms of 
ap.gr. 9*4. Jt may be iircjmrcd by tin- action of 
nitric acid on red lead* by the actnai of < hloiine 
on a lead salt in tho pix'sencc ot an alkali, or 
better by the action of bleaching powder on 
load olilorido (Fehrmann, .1. Soc. Chem. JiuJ. 
1882, 407). A lead ]»croxidc HUitabli' to tho 
requirements of tho anjme mamifaeturer may 
bo obtained by adding th<‘ reipiyeil .iinount of 
•load oxide to inolton eaustic soda at llie highest 
possible tcm)KTature, with coiihlanl stiirmg, 
and then (taflicient sodium intiate foi ovulation. 
Tlie mass is thep extnietc^l with hot wat(U', 
washed, and dVied {Minor, -1. Soc. ( hem. Ind. 
1804, 940). 

Normal or basic lead sulphate may h^ con¬ 
verted into lead peroxich'. by mixing it with ! 
magnesia, suspending Mie mixtmo in water and 
passing in chlorine. It is ]nmlied by trealiiient 
with bulling 10 p.e. caustic .soiln, then witli liot , 
nitric aoid. The yield is almost thooroiieal. and 
the oxide is of 97 p.c. purity, oontaming only 
traces of chlornio (Friedrutli, Mallet, and (juye, ; 
Monit. Scient. 1900, 20, 514). ‘ 

Che reaction may bo ro])roH('ntod thus ; 

l>bS04-l MgO -MgSOj -l Fbt); 
PbO-t-MgO 1 CI 2 - PbO.+Mgcj. 

Lt^ad peroxide* may also bo obtained olootro- 
lytieally when water containing loss than 1 p.e. 
of acid, alkali, or salt is electrolysed, using a lead 
Hulphidc anode: PbS -j- H jC) + 50 ~ PbO 2 “h D gSO 4 
(D. n. P 102107; cw also 1). H P. 124512; 
Eng, Pat 12186, 1901 ; J. iSoo. Chem. Ind. 
1897, 743; ibid. 1902, 020; Hollard, (^onijit. 
rend. 1903, 136,229). When a strongly alkaline 
plumbite is oxidised with potassium persulphate, 
an active oxide, containing 93 p.c., PbOj. i.s 
formed (Panopolus, Chom.tZoit. 1010, 40, 339^ 
Pure lead peroxide is obtained by oxidising a 
solution of load nitrate in caustic soda (20 p.c.) 
with Tiydrogen peroxide (Zotier, Bull. Soc. chim. 
W17,21, 2^)). (For other methods of preparing 
the peroxide m Eng. Pats. 11962, 1880 j 6954, 


1903 ; Warren, Chem. News, 1896, 144.) Load 
peroxide is a dark brown, almost black, powder 
of 8p.gr. 8'9-"9*2, which is said to keep best when 
moist (Fehrmann, l.e.). On exposure to sun¬ 
light it forms red lead and dissociates on heating 
into lead monoxide and oxygen; there is no 
evidence of the formation of red lead or any 
other oxide but litliarge in this process (Keinders 
and Hamburger, ZeitHch. anorg. Chem 1914, 
H9, 71). ]t lias a ])owci^ful oxidising action, 
taking fire when tnturaV'd with sulphur, and 
Igniting sulphuretted liydrogcn when th^iatter 
is passed over it, the heat of this reaction being 
such that ox]>lo8ivcs like guncotton or pierak’ 
can bo fired and metallic powders igijited by its 
aid CV^anino and Hauser, P.er. 1900, 33, 625). 
A large number of oi‘ganie compounds when 
triturated with it also cause an evoluticgi of 
heat and light. Jt decomposes or oxidises some 
iinnyal acids, forming the corresponding lead 
j^'ilt c)ften with violent evolution of gas. Lead 
peroxide combines reailily with sulphur dioxide, 
forming lead sulphate. It can be used for 
separating sulphur'dioxide from carbon dioxide 
and is often employcfl for this ]>urposo and as an 
o.vidising agent in tlie amilysis of organic eom- 
ponpds contaiiiing sulfdiur; it has also lieen 
used in iuoigaiiie anulysis lor the removal ol 
excess of sul|)liuretteil hydrogen or anniioniiini 
sulpliidi* (Bogdan, Bull. See. ebuu. 19U3,.29, 594). 
Leinl ])(‘i’oxidc‘. lias been vised as a monlant and 
also for the jin‘cii>itation ol other oxides on the 
tilUi'- (Jlonnel, Hull. Soc. Ind Mulhouse. 1894, 
69; ('onij)i. rend. 1893, 117, 518). It has also 
lieeii us<m 1 in t he volLaie battery and in electrical 
and inetrtlhifgieal operations (Kug Pat. 10608, 
I8S6; ,1. 8«ic. Chem. Ind. 1888. 37). Lead 
peroxide, acts as a \vi;ak basic oxide, forming 
unstalile (luadnvah nt lead aalts and also ns an 
aeul-iorming oxide^ yielding the 'jdiimbnU.^. 
Oilhojihiinhoics ol tlio eompowtjon M4l’b()4 and 
iHcUipliiiiibfiicff MaPbO,,,31120 or MoPb(Oll)6 
have luen jircpared (Fremy, Ann. t-bini. Pliys. 
1844, |iii.l 12, 490 ; Oriitr.ner and Hohnol, Arch. 
Pliarm. 18th5, 233, 512 ; Hellucci and Parravano, 
(Jazz, clum. itu!. 1905, 35, n. 500).* 

'J'lit' orthoplumbates cv<ilve oxygen when 
strongly heated, and on tins fact has been based 
a method of olilaiiiing oxygen from air on a- large 
scale; the ealciunJ salt has also been used 
as an oxidising agent (Kaswoei, Arch. Pharm. 
1890, 228, 109; ihid. 1894, 232, 375; ibid. 
1895, i33, 501). 

When calcium nieta- or orthoplum^ate is 
heated in u current of air at 200®- 280% calcium 
perpJumbatc CaPhnO, is formed (Kassner, 
Arcli. Pharm. 1899,’237, 409; ibid. 1900, 238, 
419). 

%Whcn potassium idumbate is treated with 
water at^the ordinary temperature it is com¬ 
pletely hydrolysedt and plumbic acid HjPbOa 
remains in solution in the ooUuidal state (Bellucci 
and Parravano, Atti. Pv. Accaif. Lincei, 1906, v. 
15,11 542,631; ParrR\ano and Cal^fcagni, Gazz. 
chim. ital. 1907, 37, ii. 264). 

IjCdd hydroxide PIHOH)^ is formed when 
potassium nitrate is electrolysed, a lead anode 
being used (Lorenz, Zoitsch. anorg. Chem. 1896, 
12, 436). It may also be prepared by heating 
lead carbonate with water or steam (Eng. Pat. 
9521, 1893), or by treating lead sulphate with 
excels of alkali hydroxide (U. S. Pat. 787451» 
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\m; see also U, S. Pat 808U1, 1905; Fr. 
Pat. 401473,1909). It acts as a very weak acid 
(Hantzsch, Zeitsoh. anorg. (Iieiu. 1902, 30, 308 ; 
Kubonbauer, ibid. 331), and has also been 
obtained in a colloidal form {Sziland. J. Ohini. 
Phys. 1907,5,630). 'I’lie action of lead hydroxide 
on sugars is similar to that of the alkali hydrox¬ 
ides, inducing molecular rearrahgement (Lobry 
do Bruyn and Eckonstein, iicc. trav. cluin. 18i)6, 
16,*92; IT. H.-Pat. -fthno, 1903). 

'JVo hydrated Icah monoxides arc known, 
2Pb^-H20 or Pb()-Pb(OH). and SPbOdLO or 
2 PbO-Pl*(Oil) 2 . I'he former is obtained as a 
white powder by the action of air and water on 
the metahor by preinpitating a lead salt with a 
small quantity of alkali or ammonia. It may 
also l>e obtained in hexAgonul erystaln by e\i>os- 
ing,a cold solution of lend monoxide in eauslie 
))otasb to the air (Ludokiiig, Anier. (diem. .1. 
13, 2U). 'riio latter ba.«!H; Jiydroxido Ini’^ bei'U 
prepared by preuiiniating ba->iu lend aeetige 
with aminotim (Payen, Ann. (dnm. 1866, [is'.] 
H, 302). It forms a wliiti' (aystalline [>owdcr or 
uhtb'nng oelahedra, aecordint' tit the metliod of 
preparation. I’lie aceiirai'y of these foi miil:e for 
the hydrated lead monoxides, as well as for 
lead hydroxide itself, has been recently called 
into qiK'stion {S (J!ns.sltme, I'bem. Soe. 'I'raiis. 
1922, M). 

Halogen compounds of lead. 'I’lie tbiee sub. 
iialides have bemi pre]Kii<’d by beatme plumbous 
o\ido III the vapour ot the alkyl ludidcs ; tlie 
eliloridc at 3! T', the bromide at 201 . the n^lidc 
at 262'\ 'j’li(i lirat two are gn'V and tli(“ iodide 
IS a brigiit yellow powder. They me all iliiVicult 
to pnqiare, ri'quirmy definite conditions and the 
mainteiianet' of temperature and piessuie witliui 
narrow limits. Tliey arc oxidised by an. 
esju'eially when iimist, and arc deconipoRed into 
metal lyid normal halide when heated above 
tlieir teinjn ratil^*<‘ ol foriiuition or when brought 
mt(» contact with acids 'I'hey are mncli less 
soluble thuii the normiil lialides, the sulubdity- 
data in miUi equivalents jier litre at 25” being : 
Pb(Jl,2'2-; PbHr,0‘4; Pbl,0-17 (II. (1 Denham, 
dourn. Chc^n. Soc. 1917, 111. 29; 1918, 113, 
249). 

The normal halides. Lcadchloyid' {hornkud, 
plfimJinm corn/utii) PbC'l;^occurs native in the 
craters of volcanoes as The mineral rohi7unte, 
and may bo pro|iH.ivd readily byVn'atmg the 
oxide or carbonate with bydroelilonc acid or 
by precipitating a fairly concentrated solution 
of a Jead salt with a soluble ehlorule. On a 
large scale it may be pre^iarod by lu'atuig 
litharge with a slight excess ot hydrochloric 
acid at 260” and 25 atuios. jiressurc, in an 
autoclave lined with an acid-resisting material 
(Eng. Pat. 12963. 1895; see also Eng. thit.s. 
16213, 1889; 8914, 1895; J. S^e. Chom. 
Ind. 1890, ml; itfld. IBfiS, 873; ibid 1896, 
357). In a ooUoidal form it can bo obtained 
by mixing togetlidr lead acetate or tUo lead salt 
of any otffer organh; aoid with an alkali, or 
alkftli earth chloride (van do Velde, (fiiciii. Zeit. 
17,1908). 

Ijcad chloride forms a white erystoliine pre¬ 
cipitate or white silky rhombic ueeilles of sp.gr. 
5'8. When heated in absence of air it melts 
at 496®, and boils at 946° at 754 mm. Tho 
heat of vaporisation at m.p. is 40,600 oals. It 
is less soluble in dilute hydroohloric acid and in 


solutions of chlorides than in water, but dUsolves 
more readily in concentrated hydi'ochlone acid 
(Andr6, ('Ompt. And. 1883, 97, 1302; Lieliy, 
tl. Araer. Chem. Soc. 1903. 26, 469). The 
solubility is at a minimum wlien tliorc is 10 p.e. 
of hydrochloric acid in the solution. It dissolves 
111 alkali acetates and in thiosulphates, forming a 
I lead thiochlorido Pb^SjCl^ (Hofmann and VVolif, 
Per. 1904, 37. 249). • 

I Lead cldoridc forms dmiblo salts with 
j ammoimim and otiicr melallic chlorides (Andri^, 
(!ompt. rend. 1883, 96. 435; Ijoreiiz and 
, Ituckstuhl, Zeitscb. anorg. tfiiem. 1906, 51, 71 ; 
t Kphiaim and Hartcc/.ko, 1909, 61, 245; 
i Foote and Levy, Anicr. Obein .L 1947, 37, 119 ; 
,1. Soe. ('liem. hid. 1909, 7U7). 

A lingo numlR'.r of lend oxychlorides are 
' known. 'I’hc compound occurs in 

^ nature as tlu' mineral niallochily ; it forms long 
j thin ••uIoiirlc.sH iici'dlcs, dcc(»inp().sing at .524''' 

■ into a tmxluro of PbC ■ij.aiUd and I’bO, which 
fii,«cs completely at 615’. 'I’lie hydrated oxy- 

I cliloride of similar eompo.sitioii conatituU?8 the 
I niinciai/f/»rm/o/r l’bl‘l,,l*bl>.HaD. l*bCl 2 , 2 J*bO 
oceuis as inivdipili, and forms long glistening 
iiccdicK, m.p. 69:r. 'I’hc comjiouiid Pb('l2,4PbO 
has n) p. 711 , aud forms glistening lamellar 
crystals. M'liKdi give an inlonsc yellow powder 
I (lliii'r, Zcitscb. anorg. t'liCm. 1906, 49, 365; see. 
also Stromholtn. ibid. 1904. 38, 429 ; Herl and 
Austc'iwoil, Zeilscli. Elckti'oclioin. 1907,13,165). 
'riio compound known as ('(tsKcl ydloir has the 
; ap|)roximatc composition ]*b(3.j,7PbO. together 
I witli a little k‘ad, and is usually prejmred by 
fusing together 1 ])uit amiiioiiiuni chloride, and 
about 10 jiHi’ts ma.ssic(*t., white lead, or minium. 

' It IS used as ^ ]iigmeiit. 

Lead trirodilondi' PbCl^ may bo formed 
passing chlorim' into lead chloride, suspended 
' in strong hydroelihinc acid at On 

, adding ainmonimn cliloride, jiJunibi- 
chhnde {Mliilal’bDlfl scpanitoH ^lutchinson and 
Pollard, ('liem. Soe. 'I'raiiK 1899, 212; Seye- 
wot^ and Trawitz, (kimjit. rend. 1903, 136, 
'686; Hull. Hoc. cliini. liii. | 29, 261; Elba 
and Nubhnir. Zeitsch. ICIektrochom. 1903, 9, 
; 776). 

When this ammonium compound is added 
little by little to ice-cold concentrated sulpburie 
acid, lead tutraeblonde Hoparales as a yellow 
! highly ri'fractive oily licijnd, which fumes in air, 
: smells like hy))oehlorous acid, and iaducfts a 
I sweet taste in the mouth. It has Bp.gr. ^183, 
! is stable under sulphuric acid, but is liable to 
I exidode, especially when heated, forming 
' chlorine* aud lead chloride. Jt solidifies at 
‘ —15” to a transpfirent yellow crystalline mass, 
i With hvdrochlnriii acid it forms a crystallino 
ooinpound HaPbt’I^, which dissolves on further 
I addition of acid,*an<l is ilecomjiosed by water 
; into lead dioxide and hydrochloric acid (Fried- 

■ rich, Monatsh. h893, 14, 505; see also Her. 1893, 

^ 26, 1434; do (^mine.k, Hull. Assoc, beige Chim. 

I 1902, 16, 94). Many salts of this chlotqdumbic 

acid have been prepared, some, like the potassium 
(salt KjPbWI,. in cryslalUtm form. A great 
i^iiimbor of salts deftved from organic bases arc 
also known. When these ire well crystallised, 
regular and rhombic forms predominate The 
: ohlorplumbatcs of pyridine and quinoline are 
stable. Holutions of these organic derivatives, 
w'hen treated with ammonia, yield precipitates 
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of leaf! peroxide; hydrogen peroxide reduces 
them to pluiniM»us salts. /A. Ciutbicr and 
M. WissmuUer, .J pr. (.’hem. iyi4, IM), 4IM). 

Lcat^ chhtrtic, chlorate, and prrchhralc are 
also known. 

Jjcnd hromidr l‘i)Br2 in o)>tained by treating 
lead oxide with atpioous hydrobromio a<'id or 
by jirceipitatiiig a lead salt wdli a soluble 
bromide. It forms white shining needles, whieli 
darken when exposed to sunlight (Norris, 
Amor. (Ihem. J. I8b5. 17, 1H9): sji.gr Jt 
resembles tin' chloride in in'opcrties. 

Jt forms double bromides and oxybromides. 

Li(/d iodide Pblj IS formed by dissolving 
lead in hydriylic acid or by precipitating a 
Kr)Iutjon of a mad salt with a soluble iodirli". 
It forms yellow crystals of sji gr. (id, which 
on heating liocome yclhiwi.sh-red, hriglit red, 
and llrially buiwriislibliick. It also foinis 
double salts and basic salts. ♦ 

'riie chloiuli!, biTiinidc and iodide yield double 
salts with pyndnie and quinoline (h^llis and : 
Niilding, I.C.). I 

A number of mixed hidogim eompounds are j 
known ('I'honias, icml ISDK, 12(1,1 

M. IKJHt, 128, 12:4, 1:12b: Koiizes- 
llmeon, Hull. Soc. ehiin. I8b7, |jn.j 17. 340: 
Hertz and Hogg. d. Ainer. Cliem. Soe. 1807, lb, 
820). 

rjcad jlnoridc IMih'.j is formed in iliesunie way 
as the eoiTesponding lodidi'. It is a white 
powder, almost insoluble in wati-r and in ; 
iiydrolluorie acid, but readily .siduble in hydio- 
ehloric and in nitric acid. Jt yields a basic. | 
lluornh' an<l aidilorotluoi’ide (Fmr/.es-1 )iiicon, lx ). I 

Lead tdrafluoride is said to bo formed in 

a colloidal state by tlie action of sk^’^’iig sulidiurn. ■ 
tti'id on till' and plumhijlnondr lUs l‘',ll F.HbF^. i 
but has never been obtained jnire (Hrauner, 
CJliom. tSoerTrans. 1804, 303). 'i'lie uliovc' aeitl 1 
ilumbifluoride is«)btiiincd by the action of i 
lyilroHuoric acid and juitassinm fluoride mi lead 
tetraeetate. 

raueth and Norring (Her. 1020, 53, 1(303) 
have indicated the cMstenee of a gasi'oiis kad 
hydride, ohtamed by the action of dilute hydro- 
ehlorie acid on an alloy of hismulli anil radio¬ 
load (tliorium H). 'I’he lead hydride could not be 
obtained by the action of acids on ordinary lead- 
magnesium alloys, but traces were formed by a 
combined electrolysis-spark process. 

Lead and nitrogen. Ixod ulimie Pb(N();,)2 
is foVmed by dissolving litliaige in nitric acid of 
sji.gr. 1*35. 'J’he solution is evaporated until 
it has the .sp.gr. I •(•, and is then alimeii to cool. 
It forms milk-ji'bitc irystals from wafer, clear 
crystals from mtnc acid, of sp.gr. 4-5 and 
ilissolvos in water with a reduction of tempera¬ 
ture. It has an astringent metallic taste, 
detonates with brilliant spaYks when thrown 
ufion red-hot charc'oal and didlagrat-cs when 
triturated with sulpliur. ^V^len heated it 
commences to decompose at 283°, and in a 
sealed tube at 357°, it dissociaU's thus : 


i Hull Soc. chim. [iil] 11, 386; Mailbo, Couipt. 

I rond. 1902, 134, 233; Peters, Zeitsch. anorg. 

: Chein. 1898, 11, 110). 

i Basic lead nitrate Pb(OH)N()a is-prepared 
by heating litharge with solution of lead nitrate. 
It is fairly soluble in hot water, crystallising 
from the solution on cooling. It is said to be a 
, very useful decolorising agent for sugar solutions 
(Horh's, Zeitsch. Zuokerinrk Bohmon, 1890, 21, 
189 ; Neuman, ibid. 183 ; Zeitsch. angew. Chein. 

I 1897, 123; Pellet, Bull. Assoc. (Iiim. Suer, 
j J)ist. 1897, 14, 794 ; ibid 1900, 23, (>38; itorne, 

I ibid. (336). • 

i Ixad lutnte Pb(N(>.2)2 is obtained by dccom- 
I posing Sliver nitrili' with lead chkiridc and 
: concentrating tJie solution in a vacuum (Jaiiig, 
rf. 1802, JOO; Kec alfhi (’hilcsotti, Atti. It. 
Aecad. Liiiccl, 1008, fv.j 17, i, 824). It farms 
yellow prisms, soluble in water, the solution 
on e>>iji()ration losing nitric oxiiie and yielding 
a<‘basic nitrite A number of thc.se basic salts 
are known ((’iiilesotti, ihid. 1908, v. 17, n. 173, 
288, 377, 474; Mcldruin, ('hem. So<-. J*roc. 
1908, 97). 

Lead hii'jHjnilrilc PblNO).^ is a yellow ervsial- 
iine powder, whicli exjdodes on heating (Kir- 
sohener, Zeitscii. anorg. (’hem. Jti, 424 ; J)ivers, 
(.'hem. .So(^ Trans. 1899, 121). 

Lead Hilnihi/dronfbinnnc PliNgO^ is an 
unstable salt (Angidico and Fanura, (.Jazz, clitin. 
itul.3I,(n ! 16). 

Lead ntiuk FhNH is ohtamed by the action 
of jntassamide lui h'ud iodide in liquid ammonia. 
It IS a reddish-brown cxjilo^.ve substance. If 
tlic Icud iodide be in (“vec'^s. a. white basic salt 
NFb.,T*NH IS formed (Franklin, ,T. Arner. (.'hem. 
Soc H'Oo. '27, 820). 

Lead azide PbN^ is said to be formed by 
tlio action ot uipicous ammonia or of nitrides 
on lead salts ((‘urtius uiM Kissom. J. |p’. (5hem. 
[11.15.8,201). 

Ijcad cobaltiiiitritc, lead lyanidc, and 
cyanute? tlie corresjiondiiig thio- compounds, 
and lead ferro- and ferri- cyanides are known. 

Lead Phosphates. Tnbasic lead pfu)6pli<itc 
PI);,{P()4)2 is an umorphouK wHite jiowder 
obtained by precipitating an excess of lead 
acetate a small quantity of sodium phos- 
])hate at 100'^ or by^ boiling the dibasic salt in 
water for 6-0 hours. 

Dibasic i^ead pliosphile PbHPO^ ia prepared 
by ]UTcipitating a somewhat dilute solution of 
lead niiratc with hot dilute ])hosphoric acid at 
100It forms a fine crystalline powder., 

Maeohasic lend phoiphntc T*b(H5p04)g ia 
I formed by dissolving the dibasic salt in strong 
j pbos})horic acid by the aid of heat and allow- 
j ing the solution to crystallise. It may then 
' be' recrystallisod from phosphoric acid. It 
' forms fiiiQ needles stable m air, and is decom¬ 
posed by cold and ^veii m6re readily by boiling 
water, forming first the dibasic and finally the 
tribasic salt (Alders and Stihler, Ber. 1909, 42, 
2201 ). ^ 


Pl>(NOH),^PbO-fO + 2N02 

(Baekeland, J. Aiuer. Fhcnf.' Soo. 1904, 20, 391 ‘ 
Morgan. J. Phys. Chem. 11H)4, 8, 410; Colson, , 
Compt. rend. 1909, 148, 837), Lead nitrate is | 
used in dyeing and enheo printing, for the i 
preparation of mordants and of chrome yellow, i 
Hoverai basic lead nitrates are known (Sen^orens. i 


Lend pyrophospluites, a number of confplex 
phosphates and thiophosphates (Gerhardt, Ann. 
Ohim. Phys. 1848, [iii.l 22,506 ; Ouvrard, Compt. 
rend. 1890, 110, 1334; Priedel, %bid. 1894, 119, 
260; Forrand, ibid. 1896, 122, 886), and also 
lead phosphites (Ainat, t7«'d. 1890, 110, 901), 
have been prepared. 

The following arc naturally occurring lead 
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ph()3pliatc8 and arsenates isomorphous •vvitli 
a]»atite, a portion of their chlorine often being 
replaced by fluorine :— 

Pyromor‘})hUe Pb,(Pt>4),d’b2(’l?04; Po/t/- 
.'•plurrUe {rb,(.'a)3(P04)a{Pb,(,'a)3(’]P04; Mime- 
file Pb3(A8(l4)„Pb2(1(Ap04); and Knmpylik 
rb3!(As;P)04]2>ViI(AM‘)04]. 

Lead arsenate may be formed by HU8])ending 
litharge in ii solution of ars(mic acid in ihe 
presence of nitric oil acetic acid as catalyst 
(U.SJ’ats. mm, 1008 ; J. Soc. ('hem. 

Ind. nH)8, 1010. 1203), or by roasting a mixture 
of wliiteaarsenic and a lead salt in combining 
]»ro]H>ii.ions in the proM'iice of oxygon or an 
oxidising agent (U.S. Pat. 0200U2, 1000). 

Lend arsenate is used as an insectieuie «n<l 
is largely employed in* the Pnited States lor 
theapnitection of fruit trees from the lari a' of 
tlie gvpsy moth. For tins purpose, it is said 
to be best prepared by ackling a sulul ioii ii^h'ad 
acetate or nitrate to so<lium arsenate until tsi 
iodine test pajier shows thi' preseme of exiess 
ot lead (Haywood and McDonnell, ,I So<-. 
t'hein. liul. 1010, 102“; kc aDu l’uU('img, 
t'hem. Soc Trans. 1007, 312). 'I'lu' (irecipitale 
IS a. nnxturi' of Inisic arsenate J’h^<)H(AsO.,)., 
and dibasic lead arHcnatc, PblJAsD^. l<\'r other 
leml .'•aits of arseiiie acid, .s-cr Mcl>onnel! and 
Siiiitli (.r. Amer. ('Im'hi. So<-. 1010.38. 2027). For 
^pravmg jilants, it ih often mixc'd witti limc'- 
Milphur solution ; in tins case, the normal lead 
salt sliould he employed, ami it is host to avoid 
using water containing miicli alkali carhonat*, aa 
the tendency of the Idttc'r is to make the arsenic 
soluble* (Brady and 'rartar, .1. ind. I’hig. (‘lu*m. 
1010, 2. 32H;‘,s7r alsoOntlen, ihnl. 1000, I. tj50 ; 
Moreau and Vinet, (’oin]d,. n*nd. lOJO, loO, 787) 

Lead silicates. Silua fuses with lead oxide 
forming a yellow ;^as.s. Dead silnaite also forms 
a (•onst 4 tuentr of flint glass, d'wo silicates 
have be(*n isolafc'd (('oojier, Shaw, and Ijoomis, 
Anicr. (.‘hem. d. lOOO, -12,4(>1). Lead orlftomliaiU' 
PbgSiO^ forms colourless liexagcjiiul lal/tets, and 
has m.]>. 740“. 

Lead- nieiaf<ihratc PbSiO., has m ]>. 7(i(> ', and 
has bc'en folimi to exist naturally in Mexico as 
nlnmi'.'iitr. it is analogous to vnllnulouitr, 
calcium silicate, and octcurs in radial aggrc'gatos 
of c«h»urlcss traiisparent^filires (Palachc and 
Merwiii, Amcr. .1. S<‘i. lOO'J, 27. 300 ; sec also 
Kilpert and WoiMer, Bcr. 1000,*42, 2000; 
Hilport, IMetallurgio, 1008, Ti, 535). 

L'tid /iiluojlitoride is formed by heating 
galem^ or other lead-eontauihig material witli 
hydrofluosilicic acid, air being blown through 
the mixture and water being then added (U.S, 
Pats. 754007, 1004; 770091, 770002, 1005). 
(For the use of lead silicate in glazes v. I'kiti'S 
and Dlazes.) ♦ 

Lead borates and load horie glasses have 
been prepared (Fariifiay, Plitl. I'rans. 1830, 1). 

The pr(*cipitgte formed by adding excess of a 
solution of borax to a solution of a leaVl salt is 
lead metaflorutp Pb(B02),.H20.Pb0,3B.()3 is 
forifled by fusing boric acid and lead carbonate. 

Lead and sulphur. Lead sulphide PbS 
occurs in nature as qaiena, usually in the form of 
oulies, possessing a bluish-grey colour, and sp.gr. 
7*25-7'7 (Hannay, J. 8oc. C'bern. Jiid. 1894, 
t»39). It may bo formed by passing sulphur 
vapour over lead, by fusing lead o-xide with 
exoess of sulphur, or, iu an amorphous condition, 


by passing sulphui-etted hydrogen into a solution 
of lead nitrate. heated in a current of 

certain gases, it sublimos in culics, whilst if 
fused with potash and sulphur, it forms I'cta- 
hedrai crystals. 

Lead sulphide has m.p 1120“±10° (Fried¬ 
rich, Mctallurgie, 1907, 4, 479; thid. 1908. 5. 
23); according to Jjodin ((’ompt. rend. 1895.120, 
11(>4), the m.p. is 935“. It is converted l»y mine 
acid into nitrate and sulphate, and is decom¬ 
posed by hot strong hydroehlorio arid, sulphur¬ 
etted liydrogen being evolved. Lead sulphide 
forms double compounds with tlio halides of 
lead (Hunenfcid, .1. )U’. ('hem. 183(', 7. 27; 
Parmenticr, Compt. rend. 18^, <414, 299; 
Lenher, ,1. Amcr. ('hem. Soi. 1895, 17, 5U ; 
ihid. 1901, 23, (t80), and also witli bismuth 
sulphide (Ducatte, ('ompt. rend. 1902,134,1001). 
'the reactions between lead suljiludo and its 
oxidation products have been studied in detail 
by Schenck and Hasshach (1?cr. 1907, 40, 2185, 
2947 ; ifnd. 1908, 41, 2917). 

A polpsidphide BhSj^ is formed as an unstable 
purple-red preeipitat(* by precipitating lend 
nitrate at 0' with eaieium pentasuljihido and 
washing tin* prccijiilale with carbon disulphide 
(Bodroux, ('ompt. rend. 19(81, 130, 1397), 

Lead svljihafr is found native as had vitriol 
or a)i(/lfsili', in traiisiiarent rlmmhic crystals 
isoinorjdions witli alidivc and Imny sfHir. It 
may h<* olit aincd us a while powder by precipitat¬ 
ing a lead salt witl) snljihuric acid or with a 
soluble sulphate, or liy the action of sulphur 
dioxide on lead }K'r<jxide (Marino, Zcdtsch. 
anorg. ('horn, 1907, .51), 233). It may also ho 
obtained <‘rystalline (Manross. Annalen, 18.52, 
82. 300). la'ijfl sulphabi has sji.gr. 0-2--()-3, and 
is said to melt without ^loeonipo-jitioii at a rer^ 
heat, hut according to »Schenck and Hasshach 
{l.r.) it does not melt below lUMV'. ft is soluble 
in ])ure water to the extcnWif 0*0824 gram of 
lead suljilmtc ]ier litre* or 1 in 12135 at ail 
ternpi'ratlives, hut the solubility diraiiiiHlies on 
addifloii of sulphuric acid (iSelinal, ('ompt. rend 
1909, 148, 1394 ; also Dolczalek and Finckh, 
Zi'itsch. amug. ('hcni. HK)0, 51, 320). Load 
sulpluite is also soluble in alkalis, m uimnonium 
and in ealemm aitetates, and in a nuinlicr of 
(»ther salts (Long, Amer. Chem. .7. 22, 217; 
H(*ich!ird, (3icni. Zeit. 1903, 27, 924, 943 ; Fox, 
Chem. Soc. ’I'rans. 1909,4878). It forms double- 
salts with the sulphates of tin (Weinlaiid and 
Kiihl, Her. 1900, 39, 2951); with potasftum 
(Belton, Chem. News, 1905, 191); and with 
arsenic (Kiihl, Arch. J^liarm. 1907. 245. 377). 

It is redheed by carbon at 550“^an(i by carbon 
monoxide at ()00“-050“, lead sulphide Iwing 
formed ; this reacts with unaltered sulphate 
yielding lead and sulfihur dioxide. 

Lead diHiilpludf or Vhir^dc svlphale Hh(S04)2 
is obtained at the anode when pure sulphuric 
acid, of sp.gr. Ir7-1'8 is electrolysed between 
lead electrodes. It is u whit<' or faintly greenish- 
yellow ery.stalline powder, giving a green solution 
in strong sulphuric acid. It is decomposed by 
water, formyig sul|»lmric acid and lead peroxide, 
tnd is a powerful ^•xidising agent. It forms 
double salts uith the alkali metals and also 
with aniline and with dimethyl and diethyl 
aniline (Elba and Fischer, Zeitsch. Elektrochem. 
1900, 7, 343). On the preparation and use of 
basic lead sulphate, r. above. 
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Ltad aub’Sulp/utU, is a dark grey substance/treated with infusions contaimng any of the 
deoompoeod by water, j>rej)ar^ by heating ’ vegetable tannins, the gelatinous tiss\ie is con- 
lead sub-oxide in methyl sulphate vapour at verted into the tough imputrescible sulistanco 
280® (Denham. (!hem. Soc. 'rrans. 1010, 109). known as leather, while the process by which it 
Ij<:ud mlphitc and had thio7Mtc-‘< are also < is made is called ‘tanning.’ (’ertuin mineral 
known. salts, as well as oils and fats which undergo oxi- 

Lcfid ‘ielcmde, (lY'labon, C'onipt. ren<l. 1907,; dati<in in the skin, have a somewhat similar 
144, 1159); /ideTntc.s (Marnio, Zoitsch. anorg. effect, and more recently, aldehydes, and. 
Chorny 1909, 02, 173); and arlcnatf'<> (Mathers, : especially formaldehyde, have been successfully 
J. Amer. (Jhem'. Soc. 1908, 30, 1374), also exist, employed. Synthetic condensation produots 
Lead organic compounds. O’he lead alkyl of phenolic sulphonic ncfds with formaldehyde 
obmpouinlK ar(5 prepared by tlic interaction of with marked taiming iiropcrties (Syntanslfhavc 
alkyl iodides and lead-sodium or by the action been invented by Stni'-ny, and h^ve come 
of lead ohloride on ziiH! alkyls (Huckton, Aiiimlcn, laigi'iy m(<i iiraclitial use; and a number of 
1859, 109# 22^; Cahours, t/vd. JH(i2. 122, 5.5: other substances, aromatic denvativ<is, colloidal 
(tbira, (Jazz. ehim. ital. 24, i. 44, 320 ; I’rankland i jirecijntatcs, nm) even elements such as br<imino 
and Lawrenee, (3iejn. ,Soc. Trans. 1879, 24.5; have pi'ov<*d capable ftf converting skin into 
Klippel, J. I8()0, 383). leatiier. it is ]iro})o.Hed in thi following ajjJ-iclc 

Lend iihoxide 19)(()Kt).j bas Ix'en ]>rej)ar(“d lirst to deseribi’ t.lie struetme and ehomical 
by Husponding thin ''heels of lead over uiisolutc composition of skin, and tlie preliminary jiro- 
alcuhol through ^Phich a si ream ol ozone is <^‘sse.s it has t(» laulergo to deprive it ol hair and 
passed. When washed with a!c<'liol anil dried to render it tit for tanning, and then to deal with 
tti rarn6 over suljdnuje acid, it Jotnis a Iiglit the dilTerent tuninng maleruds and the various 
y<‘liow friable powder, soluble in, but readily [wocesses by wbicli lliey arc employi'd in 
hydrolysed by, water (I’orkin, Clieni. Sot; rroc. firactice. 

1908, 179). 'Die .skin, as it exists on the animal is imich 

Lead kirnphnxyl luav be obtained by llx' mori' than a meio eoveiing, and contains a 
ac tion of h;ad chloride on an ('tliercal solulmn of variety ot organs, both of sense and of aecreticn, 
magnesmiu ])henyl bromide (I’fcilTer and Trus- and some knowledge of its anatomy is necessary 
kier. Her. IlMlt, 37, 112.5; Dobs, Her. 1887, 20, to a pi opei understanding of the I aiming ]iro'ess. 
3332). 'I'lu' skin i^onsists of two l.ivers, winch ariye 

Lviul /r.‘cyr^'/ir,r7//rh((‘^lIj,), js [ircpared by in embryonic develupiiient fiom the inner and 
the adilition of load chlondi* to a solution of oukor laviTs of the ovum, ami m lurh throughout 
magnesium (\vclohexyi bromide in tiry ethej' retain the stioncly maiked dtIU'renees which 
It forms yellow, hexagonal plates, decomjiosing corn'sjmml to this dtveiMly of origin. The 
at 195", and combines With iodine at. file onhnary r/i/dirniiH or outer luyei of the skin 19 derived 
teniperaturt' to foim the iodide i’h(('„ll,,)3l\ from tlie outer layer (epiblast) oi the ovum, 
^Trom which the hydioxide and other I'onipoiinds while the inner layei, eonvm, dermOy or adiA, 
can be prcfiaivd by the usual methods 'I’ln' together with all the other (»-miective tissues ol 
molecular* wi'ight determined (ryoscujm idly tlie body, takes its rise from the inidj|lo of Die 
iigieo.s with the formula given abovi', so that the ovum (mesoblast). Though ftie skins of dif- 
tnnryl may be* reganled as eontannng tervalenl ferent animals ditkr in details, that of the call, 
lead, and thus analogous to (Joudieig’s triplienyl- of vvhmli a sei'tion is illustrateil in Fig. 1, may 
methyl (K. Krause, Her. 1921, M, IB], !s0(30). 

A number of otlier aromatic and ali))hatjc i 
alkyl and halogen alkyl oom]>oundH havi* been 
prepared (Pfeiffer and 'ITuskier, / r. ; Polls, 
i.f., and 717). | 

Lend tliiooarbamide halides l*b(('H,NjS)_,X., 

(X t'LHr.l) are deuchbed by Hosenheim and 
Meyer (Zeitsch. anorg^C'hi'm I9()t>, 4!h 13). 

For the lead salts of oi^anic acids, sn the 
rcajSective acids. J, A. S 

LEADHILLITE. A rare mineral approxi¬ 
mating in composition to tlio formula 

Pb«04-2Pbt'03-Pb((Hl)3 

The monocinuc crystals have the form of six- 
sided plates or pbcmlo-rhombohedra witli a >. « 

perfect basal cloavaj^'o and ^learly lustre. As 
indicated by variations m the optical characters 
and chemical composition, tlwre appear to be 
at least three varieties or modifications. 'J’lie Fro. 1. 

mineral is found in the upper oxidised portions , 

of veins of lead ore at but few localities, notably i serve as a type of most of those used iik the 
at Leadhilla lu Scotland. U has also Wii met | manufacture of leatiier. The outer layer or 
with in lead slags left by tl'H- Komans. ‘ Susai^ I epidermi/i consists, as has been said, of simple 
nito' is a variety from the Susanna mine at : nucleated cells, which at the surface are dead, 
LeadUillb, and the name ‘ luaxito' has ^en ; haixlened, aud flattened, but where they rest on 
applied to crystals from Sardinia. L. J. S. ! tlie corium ore soft and spherical, and constitute 
LEAF GRJEEN. C'Armae 6>een (r. Piquents). ; the so-called * muoous layer’ {rete mucosvm). 
LEATHER. When the skins of animals are ' This is not supplied directly with blood-vessels, 




LEATHER. 91 


but dorives its nourishment from the fiuids of 
the corium. Here growth takes place, and the 
oells probably multiply by fission, though this 
has not been actually observed. The hairs, 
though deeply rooted in the con’ww, are really 
products of the rpidermis which surrounds 
them and passes down into the comm in the 
form ot a bulb-shapod sheath. The nourish¬ 
ment of the growitm hair is su])phed by a knob 
cjf oonncctive tissue^lled the hair-jiapiJla, fui* 
nished with blood-vessels, and passing u]) into 
the ?H)ntre of the huir-bulb, 'fho hair itself is 
composed of modihed and hardened cells, form¬ 
ing exteriorly irregular overlapjung scales, uiving 
the outhue a serrated appearaii'-e, which is 
csjiocially marked in wool. Within this ‘ hair 
cuticle,’ as it is B<mietjf!)CH called, is the fibrous 
portion of the hair, composed of long sjundle- 
shaped cells, and sometinii'S in the eeiitro of this 
18 a cellular pith eontaiiung air. 'I’he.bair, 
except in wiiite aiiiinals, contains a good deal tif 
pigment, and some is also ju'csenl in the epi¬ 
dermis cells forming Uie haii'-slu'ath The now 
hair, hotli in foetal (h'volopincnt and in ordinary 
growth, begins as a tlnckciiing »if tlie rpidfi 
layer, forming a knob whieli gradually sinks info 
llif rofiam, and beonies a bulb ni whii'h the 
hair is developed and fon-.es its way to the siir- 
faec much as an onion does to the surface of 
the ground. In aninuUs winch change their 
coats 111 spring, the young hair generally origi¬ 
nates in this way from a m'w bulb formed below 
the old one, anil iiasses up into the old slicAth. 
Tills deep-seated origin explains tlic great diffi¬ 
culty found in I'cmoving these young hairs for 
teehmeal pui-jioses. liesides the liairs, sudo¬ 
riferous and sebaceous glands are similaiJy 
developed from the Tiiu sebaceous 

glands are seated found the stems of the hairs, 
and thiyr ducts discharge oily matter which 
serves as n lubrfcaiii mto the hair sliealhs near 
the surface of the skin. 'I’lie sudoriferous glands 
are more deejily jilaced, usually extending even 
below the hair roots : they are leas convoluted 
than in man, and discharge tlirough nanow 
sinuous due% to the surface. 

The conum consists mainly of connective tis-! 
sue, which, on boiling with water, readily dis- I 
solvw, and is wholly converted into gelatin. In j 
most animals the principal part of the hide {yora ■ 
reticuhria) is compiised of bundles interlaemg | 
fibres, each of these bundles being fornjed of a ' 
multitude of line fibrils. Tow'ards the outer' 
surfaq^ these bundles disapjiear, and tboseparate 
fibrils combine in a closely-matted felt {purs 
papillaris), which is technically known as the 
‘grain.’ In the pig, and possibly also in the 
seal, this close-textured part is thick, and is all 
that is valuable for taiming, the reticular pait 
being so slightly develojied as not tu^be distin¬ 
guishable from the lobser fatty tissue {pannicuhis ' 
adipoatis), whiejj underlies the true skin. Con¬ 
sequently, these skins are remarkable for extreme 
toughness. ^Iii addition to this gelatinous struo- 
tur(?, the true skin, and especially the grain or 
papillary part, contains certain yellow fibres 
called ‘ elastic,’ and distinguished by their very 
difficult solubility in boiling water, acids, and 
alkalis. These fibres are "digested and removed 
by tryptic ferments, which do not attack the 
white connective tissue, but not by peptic 
ferments which attack both* The removal of 


the elastin is one of the principal «.ibjcut« of 
“puoring,” whicl^ is now fiequently acooin- 
plLshed hy pancreatic extj*ncts corabmeil with 
ammonium chloride. 

Between the comm and the epidermn^ is an 
extremely lino membrane or outer surface, 
known as the hyaline 'I'his is very difliciilt to 
demonstrate microscopically, but has been 
separated in some technical opera! ions ,*111111 is 
probably the caiisi' of the clear brown or bufi 
colour of the grain surfiico of tanned leather, 
while the finely matted tissue below it remains 
nearly white. 

I'ho conum has also blood-vcssclH, nor\e8, 
and minute muscles for erccUnggl^ho Jinirs ; but 
i none of those of nnieh teclinical impiirtanco, 
an<i for further details the reader may be referred 
to I'rocter'sLcatlieTlnilustnes iiahoruiory Kook, 
his Princi}>les of Leather Manufacture, or to an 
imjiortant koiics of articles by Seymour-.lunes 
m till' Joiirn.al of tlie Society of Leather Trade 
Chemists during 1917 and 1918. 

A few words must, liowever, be said about 
tile priu'iieal nm;roBeo]>ic oxaininalion of skin, 
kor this purpoHi* it is noi'easaiy to produce 
extremely thin .sections, and the skin must be 
1 previoiiKly hardened. To l.his end it may bo 
j cut into slnjia about i inch long by J inch wide, 

1 with ihinr length at nglii anglcR to the direction 
i of th(‘ hair, which should be cut short with 
scissors, with winch also tlie loose fatty aub- 
cutaneou.s tissue should be removed. 'Pho strijifi 
are ]»lace(l in a closed vessi'l with several times 
their volume of methylated sjiirit diluted with 
an equal quantity of water. 'Phe next day this 
must be replaced by 8tf,mger alcohol, and finally 
by absolute. ,,In 4-8 days, the hide will he hard 
enough I -0 cut, and may bo held between the" 
linger and thumb, and shaved by a drawing cut 
With a very sharp razor flooded 'With alcohol 
and resting on the tqi of the foroiingor. The 
! cut siiould b<!gni at the grain side, and must be 
! exaidly jiurallel with llic hairs to give good 
I resufts. For this reason a microtome is of very 
I little service, as it is more difficult to adjust the 
fragment of hide in it than to make the sections 
by hand. They arc floated off the razor in 
alcohol, and must be stained in order to make 
the (letuils visible. Various methods of staining 
aro described m the microscope text-books, one 
of the simplest Ix'ing t<> iinnierso in aqueous 
solution of picrocarmine. The carmine stains 
I the connective tissue and the nuclei of the^clls 
i red, while the structures derived from the ept- 
dnnii'iy the crccforca pili muscles, and the blood¬ 
vessels, absorb the picric acid oiiJy, and liecome 
yellow. Tlie section may now be soaked in 
glycerol to clear it, and examined in a drop of 
glycerol under a thin cover-glass; or may be 
I permanently mounted iiijglycerol or Farrant’s 
! fluid; but for this purpose it is generally better, 
instead of clearing with glycerol, to soak the 
sections again for some time in absMilute alcohol 
containing a little picric acid, till quite deprived 
of water, clear in clove oil, and mount in a drop 
of solution *;if gum dammar in lienzene, or of 
t^anada balsam. * 

Kathroiner has described a method which, 
while it is less striking for demonstration of the 
different tissues, is often useful for practical 
work when a knowledge of the general appear* 
anoe of the Btructures has been attained. The 
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fresh hide (and it is iuiporiani in preparing type 
Hpecimens that the animal should not have been 
killed more than a few houn?) is out into smalj 
strips as described, and then immor.sed for 4-8 
days, according to the thn-kness (d the hide, in 
about twelve timcH its volume of an a(|ueoU8 
solution containing 1 p.c. of osmie and 2'. p.c. <»£ 
chromic acids. This solution must be kept from 
light »nd dust in a stojijsTed boltle and in a 
cool place. Oaro must be taken to avoid the 
fumes, wlneh cause severe catarrh of tlie nuienus 
inembrane.'?. 'J’Ih* hide pieces must tk>w be 
soaked m about twelve times their volume of 
absoluU' aleolio! several times rem^wed for 
4-8 days, •amj^ 1110 then cut as described. 
further .staining js re<iuirod, as the ehromio aeid 
colours the li-sMics yellow, while all traces of 
fat, as for inslam^o, the oily matter of the seba¬ 
ceous glands, are stained grty or black ly tiie : 
osmic Hoid. 'I'hey may be elcaied at oiKie'with I 
clove oil, in wJneJf they may be I'.xainined, or i 
momitod in dammar. 

A third metliod may be inentjoned whicli is I 
very ustdul for rapid obse: vat ions, especially j 
when it is desired to ascertain liow far the w\- , 
Ildar stnieturos liave been alliM ted in })re|)aring ! 
the hide or skin for tanning. Tiie section, w Inch 
need not be so thm as when inteiuh'd loi more 
detailed study, may be cut either after a slmrt ; 
hardening in alcohol, oi- m the ease of hide 
swollen with lime, simply l»y (lifting a small 1 
strip ^ through from the gram, and turning it i 
back so a.s to put the tissiu' on the sireti li, and 
then cutting from tiesli to gram with o lazor 
Hooded with distilled water. It tiie wet .section 
bo plueed iii a droj) of water on a slide under a 
cover glas.s, and examiiKMl by ^•ell(M tia‘l light 
'with a I-inch objective, the fat glands will be 
seen as yellow masses embed{l(*d ni the white i 
fibrous tis^lie. If now the siation be moistened 
with a mixture o^ equal paits of glycerol and 
glacial acetic beid, the eunnective tissue will 
become quite transparent, and fhe glands and 
hair-roots may bo exaimiied. cmui wMi a ' 
moderately Ingh jiowiu-, by tiansmitled hght^ 
For more mmulo sludv several improvements 
in technique,'and esju'cmlly m staining methods, 
have recently been iimdi', witli jegard to which 
original pajKTs, mostly in the Journ. of Soe. of 
Ix*atlier 'ITiules Chotnisls, must be eonsulled. 

The principal chi'niical constituents el ibe 
skin are prnt.('idH, fats, and water . and the most 
imttirtant of tliese is eolJagen, of whieli the 
white fibres, forming tlie mam tabrie of the hide, j 
are composed, and wliieli. on b'aling witli water, : 
is converted into gelatin (glutin}. 4’he iVmainmg 
protoids (keratins, elastins) are nio.sMy albumin¬ 
oids. but glycoproteins (muem.s) and limse of llie 
blood and lymph (.seruni aihumens, ha'nioglohm, 
&c.) arc also present- • 

Tlio I'lndermis and its products, hair, horns, ! 
hoofs, &c., all belong to tho#-lass of keratins, 
which are allied to coagulated albumen, but 
differ in their composition (r.*/. in their jiercenf age 
of sulphur), and in their behaviour towards 
chemical riiagonts. They can hanUy be said to 
be soluble in w'atcr, thougli^^by prolonged boiling 
under pressure tliey arc finally disst>lved to an 
extract which does not gelatinize on cooling. 
The softer structures are easily soluble in dilute 
caustic alkalis in the cold, w'liilst hair and honi 
are gradually softened, but only yield to strong 
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I solutions aided by heat. They are reprcciiii- 
tated by acids, and these precipitates mixed 
i with oil have been proposed as a ‘ filling ’ for 
^ alunied leather in place of flour and egg-yolk, 
' but liave not come into practical use. Limo and 
otiu'r «lKalni<> (‘artb.s act like the alkalis, and 
h(‘nee milk of lime, while it scarcely attacks the 
I iiair, easily h lusens it, by dissolving and softening 
I the rjndcr»iis and root shcfUhs. Strong solutions 
[ of the alkali and alkalniq^earth hydrosuljihides, 
j on the other band, seem to attack the harder 
i ti.vsues by jireferenee, and reduce tiic hfftr to 
jmlp without affecting the (.pidnmi^ colls so 
j nnieli as milk ot lime. 

('ollo'/ni fcrin.s nearly fl"* p.e. nf the dry 
mutter ol the roriiiw and is insoluble in cold 
water, diiutc acids, aiiA common suit solution 
(Hcinier's statement that it is solubli'm 10,]).c. 
sojiitum of AaCi init l»een eonlirm<‘d), 

andjt is but slowly atlaekcd l)y dilute alka- 
l^fie soiution.s, but strung nods and alkabs 
have a hydioly.'-^ing action, yielding soluble 
products. J'.oiluie w-atei lias a similar effect, 
the lirst stage in tlii.s case being gelatin, wliieh 
Is slowly fiiither alta<‘k<‘d, eoninuied hydrolysis 
vielding hemieollin and Reniigiutin, and later 
g(*latose.s and glutin pejilones. 

llofmi'islci, who iias studied these eliange.q 
piov('d that tlie pHuliietion of gelatin fiorii 
eoJiugeii IS mcri'ly liNdiol\Iic. with an inercasu of 
w'ciglit of aliouf -j pc As ima) juodiiets ol 
jiroloiigod hydrolysis, ammonia, and armno- 
ucids are formed, among (lie latter, g]}eine 
(amnio-aeetu .acid), glutan.mie neul. leneino 
(iiniino-ca]'ioie aei<l) aigimne, lysiiu' and 
a-]>rohne l)ein<: (he most inqioitanl. wdnie lyro.sin 
ajui (lyptophun aic absent. 'I'hus all the jiro- 
duels ol collagen belong tv* the aiiligroiijis of 
proleids, and aromatic groupware almost, absent, 
in this resjH-ct sliowmg a marked tlilh r^iee from 
keratin ami tiic albumins. * 

Jlydiolysis ot collagen is also produced by 
pe]*.siri fill sliglitly and sidutions). but try]>8in 
has no dissolving action on collagen unless the 
latter has previously been tieated with water at 
70' or with anrls. Putrefactive bavAcna rapidly 
lead to the final produces of hydrolysis (amino 
neicls, &e.) 

Ela-<(nii form tli^siibstanco of the ‘ yoKow' ’ 
or ‘clastic' fibn's v^iich act as a sort of soft 
framework •to the eonneeti^e tissue, and are 
remarl^ihk* for their groat rcsislaney both to 
]mtrefaetion and to eheinical reagents. They 
an* digested by active tryjitic fornientsi. * 

jM linns aie present bolli in the mucous layer 
and in the siilistance which cements the fibrils 
into fibrti-bundles. The nature of this intcr- 
fibrillar substance, called coriiii by Reimcr, has 
beftn much disputed. Rollct,’ wlio first studied 
it, considved it of a mucous nature, but Reimer * 
claime<l that it differed fnhn mucins, and was a 
hydrolysia-jiroduct of the fl|jreN themselves. 
Komer* held a similar view, taking it to be 
eoilagen rendered moit* soluble iif alkalis by 
swelling and hydration. IJoth Halliburton* 
and Van Lier,* on fhe contrary, favour its 

^ Sitz Per. M'u'n 1858. 30, 37. 

* DiiUjl polv J. Ii05, 14.3. 

* JiihresberU’lit (let deutscher Gcrbcrschule, rTci- 
bi'rg. 1898. 

* Jour. 1‘atliol. & ffacteriol. 1892,1. 

& Zeitsch. jihysiol. C'heui. 91,1909. 
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mupin nharactcr, and the latter names it corio- 
inuooid (in distinction from ten(h)-raucoid). 
'j'he muoinfi ar(* easily soluble in even dilute 
alkaline solutions, and are disstOved during the 
process of liming, aliowitig the epidermis to 
bo mechanically removed and isolating the; 
fibrils. 

FaOt .—A distinction must be made between i 
those of the tpidcrmif^, which are largely un- 
saponifiable, and cemi^st mainly of cholesterols 
and liquid waxes; and those of the fat-cells of 
the ^inm, which are almost entirely triglycer¬ 
ides likejrnost ordinary fats. 'Fhe former exist 
not only as products of the sebaceous glands 
(wool-fat, .&e.), but are combined with the 
Ivoratins, rendering the rpi'lniins more resisianf, 
and thus fulfilling a siimTar function t(» the waxes 
in iJanta (Liebrcieh ^). 'I’he fats of (be roriVw, 
like those of the body, vary m einiiposition, and 
esj>eeially m tlie proportion of olein to Rti'*^*"**! 
and jialinitin, witii the ag<‘. sox, and food of tin* 
aniinai, but are iisnaOy of lower nielting-])oiMt 
than the corresponding internal lata. They 
are lujuid during life, liut in warm-blooded 
animals solidify after doatli. 

i'Vesh hides and skins contain r>0-7b p.c. of 
water, of which tlie largiT ])roiKUtion is in (lie 
cor cm, and the total is Ingliest m young ainimds. 
In the adip«)se tissue below the skin, the jiio- 
portions of fat and water are aiqiroximately 
e(|ual. 

Hides and skins reach tin* tanner in various 
states. Most of those from animals kiiled 
in this country are eitlier fresh or very slightly 
salted, but those from greater distances are 
treated in various ways to jireserve tliem. 
Perhaps the simplest and best is the us<' ol salt., i 
either siirhiklcd on the flesh side re])eated]y, or 
used in the form ‘if brine. In this way most 
Eiiroiieay bide.s, and many of those from Motih 
and South Amffnca, are cured. In countries | 
remote from the sea, hides are freijiiently first | 
sailed and then dried, so as to save wf-iglit in ' 
carriage, and at tlie same tiim* to preserve them 
better, 'J'his is called ‘ drysnltnig.’ A still' 
commoner tholliod, especially where salt is j 
scarce and costly, is sinijdy t<> dry the liidii or j 
akin either by hanging in the shade or by ' 
stretoliing on the grounc^in the sun. Many, 
hides from 'I’cxas and (Jcntral and iSouth Ameri(*a 
are thus treated, dO well as smalleT^skins from 
more temperate countrie.s. d’he liides of the 
small cattle of India, called ‘ kips.' are phistered 
on the,flesh side with a mixture of a native saline 
earth containing sodium sulidinte and water, 
to preserve and, incidentally, to weight them, 
and then dried. Sometimes an addition of 
arsenic is us<id to prevent the ravages of insects. 
It has been proposed in (fermany to substitttc 
sodium sulphate for common sail in ■fcho curing 
of skins, both on accdiint of the tax on salt, and 
because the fomier retains water, and consi'- 
quently increase the weight of the hide. The 
advantage <5f this to the tanner docs not seem 
obvious. In Russia and other cold eJimates, 
hides are sometimes preserved by freezing. 

Preparation, of hi(k/i for Prelimi¬ 

nary to any other treatment, it is neecssary to 
soften hides and skins, and to free them ^om 
blood and dirt. When fresh, a few hours, or at 
most a day or so in one or two changes of fresh 
^ Virchow’s ArchJv. 121,183. 


water is sufficient to aceomplifih this; and for 
sole leather the clq^msing does not need to he ho 
thorough as for the finer s(>rt.s, whilwi too long 
soaking is apt to lead to incipient decomposition, 
and to yield a soft and light-weighing product. 
Where goods are sailed, a much more thorough 
washing is desirable, ami it is advisable to give 
tlmx' or four changes of wafer lo remove the 
salt as rapidly as ]nissihle. and io mw?11 the 
tissue, which is more or less dehy<h'at('d by 
.salting. A final tieafment m a w-ashing dnitn 
with running <-old water is ttften useful. 

When hides have been dried, a mere soaking 
is in moat eases insuflleienf lo prodm-e eom\ilete 
softening, and in uddituai meehan*eal hud chemi' 
eal means have lo be employed. Kilner has 
pointed oul. Unit the liigher tlie tmnperature at 
w'liich the original dosieeation took ]i!aee the 
gri'afcr is the diflieully of soffomiig; ealfskin 
: whn li^lias Im'cu dried at IfO^refusing to soften 
.snfJiiiently for laniung citncT iiy soaking or 
. inecfianieal means. 'I’his js analogous to thi^ 
fact I hat golaiiii dried at 1‘U)'^ becomes in- 
^ .solubles even in boiling wat<‘r. I’or thin ‘'kins, 

' such as calf nr sheep, dried in the open air in 
j temperate eliinates, a simple soaking of some 
i days lu eohl fresh water, assisU-d by working 
: over the beam with a blunt knif<‘, is enougli, 

; On tlie other hand, for the sun-dried kips tif 
I Imlia or the heavy ox hides of Te.xas and Sontli 
I and Cential Ainenea, sneli Ireatmenf. would be 
quite inolloctual, and the method was formerly 
adiipted in this country of soaking for 2 or d 
weeks in water, whieli lieing seldom ilianged 
and highly charged witli organic matter from 
previous |>arcels of liidcf, was in a state of active 
putrefaction. *Sii(h soaks will soften niucli^ 
mori' rajiidly than fresh water, and are clTeutnul 
where even prolonged treatnimit wit|i it woulil 
fad. In India, hides are softencil by the iialivo 
tanners within 24 hours, by jdnuging them Into 
])oo!s in which all the refuse <*f Ihc tannery is 
allowetl to eolicet and ])ufi'efy. It has, liowever. 
come Lo be recognised liy observanf. tanners that 
tins ])utrid sitaking is very dangerous and un¬ 
satisfactory, especially Mhere the liide.s are 
destined for sole leatlier, sim^c it lias aiw'iiys a 
destructive eiTccl oii the Immic, anil it is found 
that a much more rapid and satisfactory 
softening may be ellected by the use of very 
dilute .siiliition.s <if sodtuna hydroxide, or sodium 
suijibide nr of weak acnls. A solution of sul- 
phnroiis acid of about N/2b strengtrli followca by 
cold waU'r, lias been successfully used, and 
from its antisejiiic elToct. seems particularly 
suited for hot clnnafcH. Whei^ the hides or 
kif»s were so far stifti'ni'd that they could bo 
l>ent sliarply without danger of breaking the 
I fibre, they were worked in the ‘stocks’ or 
: hidc-millV which* IS a niichino in which two 
i large hammers or plungers work the hides with 
a sort of kneai^ing aclion, but this violent 
j treatment has been remicred unnecessary by the 
^ chemical treatment, and at most a driinnning 
i with warm or tejiid water in a rotating ‘ tumbler ’ 

, like an immense barrel-iduirn is all that is 
I iteedod. A machine^n use on the Continent for 
1 the same purpose eonsisis of two rollers studded 
' with roundeti pegs, or of which one is grooved 
and the other pegged The hides arc passed 
hack and forwards tetween these, and undergo 
: a sort of kneading aetion.- When the hides or 
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flklne are thoroughly softened they are ready for 
dopilation. ^ 

Depilation. —With a few exceptions, which 
scarcely come j)roj>orly under tlje head of 
‘ leather,’ it is noecHHary to remove, the hair pre¬ 
paratory (o the taiui’Dg process 1‘rohiibly the 
oldest way of doing this is hy jiutrefaction, or as 
it is teehnieallv called. ‘ HW«’uting ’ 'Duk wa.s 
formcflv aeeoinplisheil by leaving the hHh;s fn* 
skins, foldeil or laid together, in a warm and 
moist pliiee, t ill th<‘ di'stnictnni of tlie (pidmrns 
liherat<‘d the Ijair. Hut though the connm was 
sennewhat moi-e Tesistant to imtrefaction than 
the nnie<ius layi-r of lh<5 c/admw/A', thr putrefac¬ 
tive elmng(* f%“(juciitly spr(‘n.d into it, and in¬ 
jured at h«ist its Kiirface. 'I'his simple fern' 
of sweating may now be considered obsolete, 
and wlu're putr<‘fa<‘l ion is still ein|)h»yrd, it is 
hy what is known as ‘cold KWi'atiHLr,' winch, 
though little* used in Knglaml. is still on^'iloyed 
in AuHTica in thi'Treatmeid ol din‘d hides. Jn 
this inelltod the hides are siisja-inhsl from tentei- 
hooks in well-vi'iitilati'd cluunlx rs, u.sunlly al¬ 
most hiiru'd in soil or spent tan. so ns to inaiiitani 
an (‘(pmhie temperaturo (wliu-h is generally 
somewhere between 15' and -tr. the Inuher the 


and brought in contact with fresh portions of 
the lime liquor. Hides lime well and rapidly. 
suHjwndcd from frames in pits, t*flpedally if 
rocked or frequently sliakon, and in any ease 
the mori! frequently they are moved, the better 
: and more uniform is the action ; mechanical 
I motion is largely in use on tlio Continent, and 
' to an increasing ext<‘rit in England, the solution 
i being generally kc])t in motion round the 
; RnH]>eiHled liidcs by the of compressed air, 

I by wliich Die tune required is much shoi^'iied 
j and tlie solution ot hidi' suhstaiiee i.s le.s^runl. 
i In Ameiica. the hub's me uaiialiy tied together 
I by Die shanks and wound from one pit to another 
j over a ‘reel’ or skeleton rli'iim, turned Jiy hand or 
i power. The old lime liquors become elmrged with 
I ammonia and organic |lroducts from t)ie hides, 

; winch materially moddy their a(;tion, rondqnng 
■ more June soluble, but diminishing j*s ]ilumi>mg 
I ('tT(‘(‘J. One ri'sult of tins is that liidi's uiihair 
j^ore readily out ot a somewhat obi Juno than 
I they do out of one fleshly mad«\ and a change 
1 from an old into a newer and strongm* liino 
I sometimes actually sets the hair firmer at hist. 
; hy ]»luin])ing tlie tissue and so giasping the root- 
; hulhs. Exfierimenls seem indeed to render it 


moi*o rapid being the action), 'i'iie air is keiit- ; 
saturated witli nioistnie, and tiu* tcmperatuie . 
regulated hy admitting steam umlcr a false 
bottom, or a spiay of water from pi|»cs inovidcd 
for tlie fiurpose. Tlio lades, which if dig'd must 
])r(3viously havi' been thoroughly sofU'iicil, an* 
ready for unhairing m 11-7 days, and during 
the ialtcr part of the time must be c*Mimiued 
from hour t^o hour, and, as soon as the hair is 
loosened, taki'ii dowm aiVl ]>la<'e<l in i»iles on the 
Hooi*. Ah tlie tliiek parts take b^iger to iiiiluiii 
**than the thinner, and the jaoeess jimceeds luon* , 
rapidly at the top than tlie bottom of the eliam 
her. the ])(%ition of the liides must he allered as 
the action proere4»ses. When tin* bail is fully 
loosened, it is'iernoveii eitlier by scKijung w'llh 
a liluut two hiindled knife <ni a sloping ‘ heam.’ 
or by fulling with stocks. Some America^ tan¬ 
ners now gieo a light liming helore uiiliainng 
to eligliDy plump the goods and cheek the de¬ 
composition, 'J'he sweating or ‘ staling ’ ]>roccss 
is largely mnidoycd m Euioiie for iinwoolling 
sheepskins; m tliis ease to avoid the injurious 
effect of hme upon the wool. 'I'lie prot ess is not 
wholly l)actcriologieal,*«ince ammonia, which is ; 
largely evolved, acts as a causlio alkali on the : 
opiuormia and is itself cujuihle of loosening Die 
hair w'ithoui jiutrefaction. 

In England, both for sole and di-es.smg goods, 
the hair is alqjost universally luoscnotl hy the 
use of lime. 1’he pits arc usually, tliougli hj- jm 
moans invariably, worked in sots of thri'c, of 
whicli ono is old and nearly eximusted, the : 
sooond fairly good, ta^d the ?hird freshly made 
or strengthened. The duration of the preness 
is very variable, ranging froin< or 5 to 14 days 
or more, and the quantity of lime used is yet 
more indofinite, being variously stated at from 
1 lb. to 12 11)8. per hide. 'I’he fact is, that, lime 
being very scantily soluble in water, any qiiam 
tity beyond that required*lo maintain a satu¬ 
rated solution has but little effect. Lime is 
only Bolublo to the extent of about Ij oz. per 
cubic foot, but of course is continuously absorbed 
the hide, so that an excess is required which 
may be le.s.s the moiv often tlie hides arc moved 


jirohabb' Dial lime alone in the complete 
absence of piiU’etaetioii, will not loosen the 
hair in any ri'asoiiable tunc. If hidi's he limed 
tor J l<t 4 days in a sharji new bine lu wliich liicy 
arc frequently (liaw'n. and are llu'ii transfeiied 
into a ]ui of water maintained nt a tenqiemtiire 
of 40 -50® for some horns, tliev will pail readily 
with Dimr hair, and at Die -aiue time he to a 
i'oiisiderahle extent freed fii>ni inne. Tins plan, 
whicIi IS of Arni'iiean oiigin, and is soirn'tinies 
called the - Hulfalo method," may lie highly re- 
eoiimiended for sole Icntlicr, gning good weiglit 
and colour an<i a linn solid Uxtnrc. Ot course, 
tin* r(*lative amount of liming and l^^it water 
may be varied to a eonsideralm’ c.xtenf. 

t'nhairing may also be haRteiied by w'arniing 
the linn*s themselves. Tin* heat increases the 
*Joiul)ility of tlio hide, hut at the same time 
eliecks the ]>lumping, and the tendency is to 
produce a soft and porous h'ather.* Hence tlie 
method is ill adapted for sole, and even for 
dressing leather is iiridesirnlile, since the same 
(‘tl'ects are obtained better in other ways. • 

Jt lias naturally been jiroposcal to substitute 
the enustioialkalis for lime,•and it i.s probable 
that it^niglit be done in some cases with advan- 
ta*ge, or at any rate that smulJ quantities might 
bo added to Die limes to hastjen their action ; 
l)ut so far tlioir use ha.'i not found much favour 
with tanners, except as constituents of such 
secret ])reparationH as ‘Inoffensive.’ One cause 
of this is probably that from their easy solubility 
anl^ powerful action, great care i.s required, and 
wliere iis^ hy ‘rule of thumb,’ serious injury is 
readily done to la?go qualititiee of costly raw 
material, it is one of the virtues of lime that, 
; from its very limited solubility, it is almost im- 
1 pos.siblo to destroy a pack of hide.^by its use, 
^ and the injury which it does when carelessly 
: handled is often attributed to other causes, 
i Jt lias recently l>een sliown by J. l^oeb that, in 
! accordance witii the IVocter-Wilson theory of 
; swelling, the awclling power of divalent alkalis, 
i such as lime and baryta, is for the same 
hydroxyl ion concentration, <mly about half 
! that of the monovalent such as soda and potash. 



LEATHER. 95 


Naturally it might be thought that the alkalis 
wntili be easily removed from the hide by simple 
washing, and that the solubility of their soaps 
uoukl favour the removal of grease; but it is 
foimd that alkalis form a sort of compound 
with hide-fibre, from which they can senroely 
be removed until tliey have first been neutralised 
with acid, while jmaetically the grease is nof. 
sajionified but merely eriiulKilied. and for this 
purpose lime aiiswersVtst as well as a stronger 
alkali. 

li^liming sole leather the principal object is 
to enablo*tho hair b' he removed ami to free 
the hidf' from grease with as little solution of 
its fibrous structure as possililc. 'I'lie Jhiglisli 
tanner friMjumitly desin's also to raise or swell 
tiie hide, and so to sj)Iit*iip the librons bundles 
into^beir ooiistitncnt filtrils as to prepari' it for 
tanning, thoiigli this may also he- done hy the 
presence of iteid in the earlier tanning liqjjors, 
nv in some eases by Iho direct us<‘ of an aei^ 
hatli It IS a question on which there has been 
much differenee of ojHiiion whetlnu' the unliair 
iiig IS host aceomjjlishcd |)\ the use o1 stioiig 
fri'sh limes for a nIioiI tune. of old limes 
chaiged with aniinonm for a longm peiKal. It 
IS now, however, generally lerogmsed that tlic, 
(■•inlmued aetion of old limes is too dangerous, 
umallv iiiinnng the gram surfaec of the hide or 
siviii, and tile eoin})ronus<* is usually adopted of 
hfgiiiinng the lu'oec'ss in the older limes and 
limsliing in fresh ones. It is very dangerous m 
hot weather to let limes get to<* stah^ and loa4i‘d j 
with organic matter, as in this (use ('ven the ; 
presence of caustic lime does not. ])revciit jmire- ; 
Uietion, wlindi is fatal to tlie maniifaclnre of j 
])lumj> and solid leather. In fact, hy micro- | 
hcojiie examination of sucli stale limes it is easy I 
to delect the ]»rese*icc of active haelena. It is ] 
a mistaki^to suppose that siieli little.^ an* ' wi^ak,’ | 
since the e\<‘ess^of lime is always sufheic'-ut to ; 
maintain tlumi as saturated solutions, and in i 
.nhhtion they contain much dissolved 4ime as | 
orgaiiie salts, and eiuisiderable quantities of i 
ammonia and bacterial eii’/ymes. which, (hough j 
tiny lessen dwelling, assist in tin- solution of 
the Inde. If in any case the Jiinnig is too low, 
it will bo iinpossilde to «‘radicate grease from the 
hides *)f very fat cattle, although the leather may 
be of excellent (jiiahty. Im the niar.iifaeture of 
dressing leather a# Homewliat nior# thorough 
Unung is generally dosirahle, since it is not only 
roquireil t<t remove the hair hut to dissolve'a 1 
proportion of the cementing matUu- of the j 
fibrous tiasue, and so render the leather softer i 
and more jiliable. This is especially true in the ! 
manufacture of glove or ‘glac6’ kid and lamb ! 
leather, in which the property of stretehiug in I 
any direction is largely dependent on a proper' 
liming. In the contuiental manufacture of 
these goods it m ouStomarf to ‘ sharpen ’ the. 
limes by the addition of realgar (arsenic sul¬ 
phide) This jfiroduc'es, with the lime, di¬ 
calcium hydfoBulphide. sulpharsenate, and some 
metallic arsenic, and considerably hastens the 
imhairmg. Orpinient, the yellow arsenie tri- 
sulphide, may alsi» be used. The calcium 
Bulphydrato is the active agent, V. Sehroedcr and 
Schmit/.-Dumont (Dingl. poly. .f. 189^1) having 
shown that the arsenic cnmjiounds are inopera¬ 
tive and not even antiseptic ; and, many years 
since, the desirability of finding a substitute' for 


the very poisonous red arsenic led Bottger to 
propose the use of^calcium hydrosiiljhido, pre¬ 
pared directly by passing sulphuretted hydrogen 
into milk of lime. This ])ro(lnccs a paste which is 
greenish from the presonco of traces of iron sul- 
]ihide, and whicli nclvsa.s a riijud depilatory, and if 
ap])lic(l ns n past.!,* on the luiir-side will in a few 
hours reduce the hair to a jiulp, wliilat from the 
rapidity of the action, the luur bulbs nwd the 
various glands arc much less affected than 
w'ith an ordinary hniiug. Mixed with lime 
i in sniallor proportion and qsed in pits in the 
j or<]iiinry way. it loosens the hair rapidly 
without actually destroying it, jirineipally by 
attaeking thi' imuoiis layer, sui^o Uie harder 
)iart of the e]>idcrims frequently comes off with 
j the hiiir roots in it in Hheels of considerable 
! si/e. Ibifortiiuatidy for its use in practice, for 
' wliieli otherwise it is excellently it keeps 

j very l)i«lly, and iiiiist be fieshlv made as required 
! whu'h is both costly and trolflilesomo. A con- 
emitrated solid mii of ralcium hydrosulphide was 
formerly produced by tlic Washington ('bemual 
Company, and promi.sed to he a valuable depila¬ 
tory : liiit. unfortunaU'ly its manufacture jiroved 
unroniuneralive, (Ia'>-hme, which often coiilaiiiK 
j a eorisidi'rable quantity of l alciuni hydrosuljihide, 
j has licen iis(‘d as a substitute, but is too un- 
! certain in its conqiositinn to be satisfactory, ami 
I lias been almost supersislcd as a gas-purifying 
j agent by oxide of iron. None of these diBadvan- 
tages attends the use of Kodiiim sulphide, which 
has Imsui strongly advocated by Eitner, late 
Director of tlic Austrian Government Kesi'aivh 
Institute at Vienna, to whom the leather 
trnd<^ probably owes imich of its imjiulsi* to 
scientific inijqjfivenu'nt. It is now manu¬ 
factured oominercially, in a crystallised fonn ;' 
it keeps well and possesses great dejiilatory 
])owers, botli alone and in union ^’ith linu‘, 
with which it forms caleiujii hydrosulpliide 
and caustic so<la. A paste oontaming 2- 4 Ihs. 
to the gallon of water, am! thickened with lime 
to a foijpy coiiHiHtenci', will, if jiaintcd on the 
hair side of a liide, comjikiUdy destroy the hair 
in a few hours, so that it may swept off witli 
a stiff brush. 1’his mode of proceeding has been 
much recotnmeiuled for sole leather, and it 
makes a firm and solid article, hut the difficulty 
of getting it so thoroughly brushed into the hair 
that it will destroy ('very^iart of it, is very con¬ 
siderable, while, if any part iins heen inissed, the 
short hair is very difficult to remove. For*tbis 
rcasiin, and because it leaves all tlie hair-roots 
and glands in the skin and so prevmitB a clean 
buff, it is*only suitable for very c^yminon classes 
of leather, though it will do good service on dried 
hides instead of the cold sweat. .Such a jia.ste is 
also much used for unwooling Hheepskins, being 
in this case appheif to the side and allowed 
to penetrate the skin. Used in pits with lime to 
; the extent of i->Ib. per hide, sodiuni sulphide 
I does not materially injuri' the hair, while it 
: quickens the unhairing and yields good, wciglit 
and excellent quality. Strong solution of 
sodium sulphide or even of caustic soda does not 
iftvell from its dehyifrating effect, but hides so 
treated swell lapiclly if subsequently placed in 
water. ^Vl 1 e^e plumpness is not desirable, but 
a tough, solid texture is required, as in some 
descriptions of light leathers, its use would 
promise special advantages. Wince sodium 
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Bulphi(le» however, tUfisociat^ft in Rolution to 
Rodium hydrr^Rulphide and sodium hydroxide, 
the offeet of the latter leads'to more swelling of 
the grain than is <loHired. and it is found that 
this may be lessimed by the addition of an 
equivalent quantity of calcium chloride which 
substitutes eulciutn hydroxide for sodium hy¬ 
droxide with formation of (common ho It, and 
enables the ])roduction of leathers with nuich 
finer grain than with sodium sulphide alone. 

'I'he total soda existing in commercial 
sodium sulphide as sulphide*, eai bonnie or hydrox¬ 
ide may l»e determined wil-h stamlard arid, using 
metliyhorangi* us an indicator, since tins coUnn 
is quite miafT^cted by tlie presence of either hy- 
ilrogen siilplude or earlion dioxuU*. The sufiihui 
is advantageously i^stinmti'd by ammoniaeal 
■/.ine Hointion, using alkaline lead tartrate us 
an indicator liy ]>lHcmg dr<i}»s »if it and of the 
solution being tested near each other (u filter 
pajier. Solutions’*‘eontaimng sodium suljiliide 
together with dissolved sulphur and iiolysul- 
pliides ohtjiined hy fKiilinti sijl|>)nir W'ilh c-aiistu; 
soda or soda ash and lime ])ossess eonsidi'rnhle 
ilejiilutory power, hut it is not easy to determine 
the amount, of available siilpliur. Soincwliut 
similar solutions arc ohlaini'd by foiling air 
through the ‘tank waste’ of the Leblanc alkali 
process. sus{>emlcd in water, or, naturallv, in llie 
‘ bog.liquor,’w’hich in Hoinew'oiKs drams tnnn 
tlie waste-heaps, and w'bcie tins can be < lu'aply 
obtained, it may in some eases be used aihan- 
tagoously. 

K.fiimifUtfion. <if Innr //yaor*;.--(‘oiisidcralik* 
information may often be obtanx'd Ity a sinqile 
examination of lime k-jiiors. Free ainnioina 
may lie determined iiy rapid ilistillatioii of, say, 
■30 c.e. of the tiU,(‘r<‘d liquor, ]>r('ti'rabl\ with tlx* 
addition of a little nmgneHiiim suljihate to 
remove ea^ist.ie linu*. I'hc amnxuua is alisorlx-d 
in a measured qiqintily of slandanl acid wliiyh 
is titrated ba^k wilJi eaiislic alkali. If it be 
desired to estimate free Iiiik* jii the same sample, 
the magnesium sulplmb* iiiiisl be omitled, ivliicli, 
if the (hstiJIation is short, do(*.s not lead to 
serious error. The suinjile should bo drawn 
from the middle of a lime pit well pluiigeil up. 
and rapidly tillered in a funnel eovered with a ’ 
cloc-k-glass. I 

The caustic lime in the portion from which ' 
tlie ammonia has been w ithdrawn may now lx* 
estimated with n<*rinal or decinormal add, using 
phebolphthalein, and the total lime (utid any 
otlier alkalis present) existing in a free state or 
in ciinibination witli organic matter and wc'iik 
organic aeids with mctliyl orange or red ns an i 
indicator. ljit?nus is unsuitabk* for the jiurposo ’ 
from tlio presence ol these weak organic acids, i 
which rendentHeml-rcaetion quite indefinite, hut j 
do iu>t affect methyL<»range Vo mueli. For the ' 
same reason this indicator will he found very * 
useful for many deferminatn-uis reqnireil in a ' 


adopted, as to the amount of matter dis.solved 
out of the hides in the process, or the com¬ 
parative quantities by different liming methods. 
For more accurate work the liquor may be 
evaporated to dryness or very small bulk iu a 
‘ flask with the aihlition of a little excess of sul- 
I phurie add to retain ammonia, and the nitrogen 
I estimated hy Kjddahl’s method. It is easy to 
j calculate vi'iy iijqu'OMmntely the amount of 
' matter wdiidi the nitn^en rejirosents, since 
hotli the gelatinous aiurhorny tissues contain 
about 17T)-LS ]> c. of nitrogen. During iVeent 
ycais much attcntiim has been devoted to the 
mor<* compli'te analysis of lime-liquors, but the 
htenitiire is tooexleiiMve to be summarised here, 
and the naih'r is lefcired to the pages of 
' M'diegiuiii.’ tlie ‘ Aiixiican Leather ('heimsts’ 

, .l"uiiial,’ and esjiecittlly to recent issues of the 
,‘Jomiial i)f the 8o(i(*(y of Leatiier 'J'rndes 
(.'heinists.' 

<(U(] ihrnrln'iig.--\{ lime or other 
, alkalis have Itecn used in tlcjnlaljon, they must 
1 lie icmoved before tanning, and in sole leather 
I it IS desired to do this with as little loss of p* It 
as po'-silile. J'’ormeily a mere .suspension in 
water was considered suflieient, and when tho 
water is hard, a little lime was added to remove 
the free earhonic acid and ealdiim hydrogen 
earlxinate jirescnf, which would form insoluhlo 
<*uil>onaie with tlx* lime (ontained in the hnle, 
and afterwanhs hy eomhimng wifli tannin would 
produce (liscohnired leather. A fuitluT i leansing 
I iinijV he cITcelod hy ‘siiulding,’ <ir working thti 
grain-HKic \vi(h a blunt knib* <m a beam, which 
: expM'sses much of the ot hail loots and fnt 

glands, as w<“!l as lime Wlx'ii a clean Initl is 
i ilesired this precaution should never ho omitteil. 

It IS. however, inipossiblc really to remove 
tlx* W'hoh* of tlie hm<* Ivy s<va|>nig in water, since 
it forms a loosu' eompound witli the iibrous 
tissue. Ii'om winch it (an onlyx be disflxlged by 
tlx* a'd of acids, and at jn’escnt, e\en for solo 
leafheiv acids an* usually cmjiloyi'd after re- 
i moval of as much lime as jvoSMble by wasliing 
III ‘ soffi'iied ’ wafer. 

Vi'ry dilutee suljvhuric- or hydrcelilorie ncid 
will ])ertoriii tlx* seivice satisfactoiily, although 
gn'at care has to lx* usi'd to keep the hides in 
constant mol ion, to add tlie acid m small siie- 
eessive doses as it is%bsorbe(l by the hides, aixl 
, to avoid c^en a small execs;'. Some trouble is 
ofti'ii <‘X])crieueed in the use of eommereial aeids 
, from tlie precipitation of the iron which they 
contain as an imjnirity on the fibre of the hide, 
where it subsequently produces stains hy com- 
hiniiig with tho tannin. The ammoniaeal salts 
of tlie stronger aei<ls may also bo u.sed, but boric, 
fivrnue, aeotie, lactic, and other organic acids 
ar^ generally employed in solutions not exceed¬ 
ing about k/20 strength. Instead of actually 
removing^he lime might*bo sufficient in many 
cases to convert it into a neutral and insoluble 


tannery Fhonolphthalein cannot be accurately 
used in presenco of ammonia. An estimate of 
tlie organic matter present is obtained by 
I'vaporating 50 0 .^ of the filtered l^uor to dry¬ 
ness in the W'aterJoven in ^ platinum crucibk^ 
weighing, and then igniting and estimating by 
loss, 'riiis method can of course lay no claims 
to strict accuracy, but is sufficient t<v give 
valuable infcvrmation as to the condition «>f the 
liquor; and, if a uniform course of liming be 


: form, as, for instanoe, by the Setion of acid or 
neutral jvhosjvhate.s, oxalatc.s, oj* arsenates. 

! Some of the sulphonic acids of variou-s coal-tar 
i products have also Iveen tried for the purpose 
i with Home success; and they are, at the same 
I time, powerful anti.septies. 

I In the ease of jqost light leathers where 
: softness is aimed at, it is found necessary to 
I use, either alone or as n supplement to some 
I prooea.s of removing the lime, a putrefactive or 
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fcrnien(ive bate, which has the effect of re-j and to wash the bran before using with cold water 
ducing (‘ abateing ’) the plumpness of the hide, | to remove the Hour, which furiushes the nourish- 
and at the same time of softening it by attack- | ment required by the ferment, 
ing the fibrous tissue, and especially the 1 In tlio brief space available it is impossible 
elastia fibres. Either an infusion of dung I to give more detail as to thew^ j)voi»aratorv pro- 
(pigeons', hens,’ or dogs’) called hafe or parr j cesses, whicli are, however, of the lii^st impor- 
(the lalicr prolmbly liaving some connection ! tame from a jiraetieal point of view. From the 
with the French pi«nil), or of bran (drench), j scientitic asjjoct , it must Ik* noted that the jduinp- 
and frequently both, aro used aueeessivelj. ' ing and ‘ falling ’ whieh*lhe fibrous ti8suo#iutler.s 
'J'he effect scorns duetto the en/ymes and amino- ; through the action of various reagents, is the 
aeuis produced by tlh^ ])utrofcU ti\c orgamsras, j result of osmotic jiressure, and is at least u.s much 
but 4he problem was ]mriiaHy solved by Wood ' a physical as a cliemicul plienomenon. 
in Englaiul, and by J’ojip and Hecker ni (Icr- , fanning materials. Before s])oaking of the 
many, wtio introduced an artilicial piicr undci* j a<-tual tanning ]»roecss, a few words must lie 
the name of ‘erodin,’ cunsisting of a suitable !saul about tlie chemistry ol the^v(“g®table jno- 
culture of selt“cted bacteria and a <liy [lowdcr ' ducts on which the ojieration dejicnds. 
winch when «iissol\cd nwwatc'r formed a suitable j I'hc laimins, <ir t-anme acids, are widely dis- 
iintntive Hind for their rapid inulti[ili<'atJt)n. tnhutcii through the ^'egclal^l(■ kingdom, and 
i>r. Rohm, following uj) an e.vpciiment of ' lonn a large and varied i lass, differing eon 
W'tod's, has, liowe\cr, inlrodneed niuh i the j sklcia^y in r-heniicnl con.stitnlion as*^veli as in 
name' ol ‘ Oropem,' a nnvtiire of amnnBnimi ; propeutieH. 'I'Jie one point \.^icli th<‘y all have 
ehloiide with a small ([uantity ol the ]>ancreulie i in cuninion is the jiower of precqatating gelatin 
lefineiit, wincli. for many l('athers, has been v(‘ry i Iroiii its sohilion as an insoluble eompound. 
suecesstul; t liough for tlie finest h athei.s, sncli 'I'Jiey ar<'also all di'rivatives of tJi<'aromatic series 
as glovc-kid. it lias not completely supersede*! of earbon cornjionnds, and, so far as is known, 
dog'iUKT. Tlie <'\act degree ol hydroxyl con- all eontam I'lther pyiMcatcchol t'aHilOll).^ 
ccntration ol a stilution has an nnjuirtant , oi pyrogallol (',!I:;(()Il).„ and sonu'tiiues the 
inlluencc. 1 isoincnde of the latter, phloroglucinol. 'I'his 

In the jirejiaration of ‘shiucd’ and ‘dress- dillcn-in'e usually c*un'sjionds to well-marked 
ing ■ Judes, a bate may contain about 1 peck of ; clitb rences in conslitulion and properties. As a 
)i«'n or ]»igeon dung to 2r> or fiO hides, in mUk'Ii , rule,the pyrogallol tanninsgiveablue-blaekwith 
they are liandleil Iri'iiuently tor H-7 days. This ; Icnic .salts, ami a wlutisli deposit on tlie surface 
tune may be mucli shortem'd by warming the, 1 of the leather, wi'll known to the tanner as 
bate and working the goods with a dnun* or ^ ‘ bloom ’ ; whilst tlie jiyroeatei hol deiivatives 
paddle tumbler. ’J’ho latter consists oi a tank J give a gn-enish-blaek, and d('jK)Sii red insoluble 
or |)it. generally having a ciiive*! bottom to ; matti rs, oxidi's or anhjfdndcs of the tannins, 
favour the motion ol the lii{uid, and agitated ; All catecliol tannins give insoluble jiiocipitatcK 
by a ]md*lle-wheel with li-H Hoats. A sh*)rt j witli hiomine tvater, and with ftirmaldohyde in* 
‘ stocking ’ out of |he bale was formerly some- ! jireseuco of hydrochloric acid. dak bark 
times employed. Tumbling wilh warm water ; occupies an intcriuediatc'])osition, yii^dmg both 
with a Itnntcd #piantity of dilute a* id before l bloom and reds, and ajqiarenlky <ioiitaining both 
batemg will wash out a good <leal of lime ami > pyrogallol and pyrocat('<dioi. siieh cases, 

n'duce tlx; jiliimpness, ami so save both l^nu' and ' iio\ve\ er, il' is not vc'iy certain whether wc have 
niatenal, but the skin must remain in a ! to d«i1 with a conipJieated tannin or with a 
slightly alkaline condition; and French tanners ^ mixture of two dissimilar one.s, sinco tannina, 
make oxcel^nt sliavtsl bides and calf-skins j being neillior crystallisable nor volatile, are very 
without bateing by careful working at the ; dilhcnlt to scjtaralc. It is known that many of 
lK!ani, Jong washing with cold water (during the bioom-yielding materials, such as inyro- 
which probably a sliglil i>ulicfactivc action takes i baians, eontam galloUmnie acid, which yields 
place), and the use of wiUk and stale lujuors. ' no bloom, and ellagitaniiic uci<I, which yields a 
Shaved hides aj‘c ^o called heeausi^ after the ; e<»pions bloom of ellagic acid, 
batoing, the thicker jjarts *»f the butt aro rc- ■ It is, of eoutse, only the pyrogallol tannins 
•lucod by shaving on an ujiright l>eam •w'ith a , whicli yndd gallic acid as a dceonipoBition pru- 
eurrier s knife having a turned edge. ^ duct, while tlic jiyrocatcchol tannins contain the 

Still lighter and more lloxible .sorts of leather, ' corrcsimnding protocatochuic acid. Many of the 
such as morocco and kid, arc still often pnered | pyrogallo4 tannins yield glucose on decomposl- 
with fermented *log-dung, infused in hot water, I tion, but in the jiyrocatechol cJasffit seems to be 
and strained througli a basket, 'i’his is frequently absent. 

followed, after scudding, by a drench made ^ly A comiilcle list of tannin-yielding plants 
pouring boiling water on bran, and allowing to would embrace a^arge p^rt of the vegetable 
ferment. In this casgj, lactie acid is^lie most kingdom, but the followung are those in most 
active product, although its plumping action is extensive jiraclic^) use. {('f. art. 'J’annin.s.) 
controlled ^by a#me putrefactive fermentation (}<ih bark is one of the oldest and best of 
going on at tie same time. Wood (J. Soc. Cbcm. tanning materials, producing excellent but not 
Ind. 9, 27) baa shown that starch is destroyed by heavy leather; and, from its comparative weak- 
tho active ferment, and considerable quantities ness in tannin (8-12 p.c.) its action is some- 
of methane evolved. In hot and thundery what slow. *lt yields a good deal of whitish 
weather the lactic ferment is liable to be replaced bloom. 

by some other product, when the skins plump V<ilo7mi. the acorn cup. of the Quercus 
rapidly and become transparent, and are .■EgilopM (Binii.) and Macrolepis (Kotschy), 
finally perforated or dissolved. The best pre- contains up to 35 p.c. of a tannin somewhat 
caution-s are to scald out the tubs thoroughly, similar to that of oak bark, but giving more 
•VoL. IV.—T. . » 
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bloom and a darker colour, and af the same 
time a heavier leather. 

MyrobahniA, the fruit of Tcrtnivulia Ch/'hvUi 
(Ratz.) (India), conlainH 25-35 p.c. of t^allolannic 
and ellagit/annio acidp, and, conaecpicnlly, 
blooms freely It gives good colour and fair 
weight, and thoiigli alone it yields n porous and 
soft leatluT, it is very useful in ruixturo with 
dark-(.oloured Tnatorials. rucIi as mangrove f»r 
mimosa extraets, for sole leather, am) as a cheaper 
substitute for sumacli, on the lighter descrip- ! 
lions. j 

Ditn-ditn, pod of Ca's/ilphua cnrniria (Willd.) j 
(S. Aiucnoa), contain.s 30-50 ii.c of a tannin | 
soniewlia^HinjlInr in cITect to that of valonia. It ! 
produces a heavy-weighing Icallxu-, hut is j 
dangerously liable It* a suihlcn fiTinentation. ; 
which produeca a deej> red slain on all leather 
in contact with it. 

Sumach, the pulveriHed leaves of Ulu s (\>ri~ 
aria (Linn.), A'e. ^Sieily), yields 20-30 p.c. ot 
tannins very eimilar to those of inyrobalans, but 
jialer in coliiur. It i.s princi])!illy used for light 
ioathcr.s, though warm suinncli lupioi m uscil to 
brighten the colour ot iieavy tannages 1'horo 
ar(‘ also several American spccu's used for 
tanning. ! 

Ahiuosn fxnh, tlic |)ro<Iuet. of several s])ecies i 
of /1ror'ef,princi])allyAuMtTahan.l)ut naturalisi'd | 
and largely cultivated in Natfd, c<mtainH : 
20-40 p.e. of a red taiinm ileii\ed from j'Vio- | 
oatechctl. and yielding no bloom, but giving i 
eonsidorable wniglit and linnness to ilie lcatli<T. j 
An extract has reeiuitlv been introduced into ' 


country in blocks of about 2 cwt., covered with 
mat and pasty in the centre, and also in cubes 
of about an inch square, which are much purer, 
and internally arc (jiiile white with crystals of 
catochin. Cutch comes in masses of a glossy 
<lark brown fracture, and is principally used for 

Quehraclut mood from Quvhmcltia. Lorcnizii, 
((irificb.). a largo tree of South America, and 
especially of the Argen^o Kejmblic, contains 
about 20 )) c. of rather difficultly soluble catechol 
tannin, ])rincipally used as extracts wlii#h are 
often decolorised and rendered soluble with 
bisulpliites. 

Mfiufjrove barkfi from various species of 
Oeriops and Hhizopkora. Extracts principally 
mauutactured in East Indies. Barks vary a good 
deal in strength but may contain up to 40 p.c. 
ot a dark red but fairly soluble catechol tannin. 

Mallei bark from Kucalyptua occideniolis 
fEnul.) or ‘flat-topped yatc ’ of Western 
Aii.stnilia. Rich in a brown catechol tannin 
producing rather hard leather if used alone. 

Ulmo bark, said to be from Kiiconpia cord}- 
folta (('av.) of (‘hile, jiroduccH a dark red extract 
strongly resembling mangrove. 

ArhftCKfl tanm-iis. —Although none of the 
natural iannin.s can be syntliesised, at least at 
commercial prices, a .series of organic conqiounus 
have been jiroduced which possess many of 
their ]iropcriies, and some of which liave come 
into considerable use in the protluelion of 
l(*}^tlior. 1'he first and most inqM'rtaiit of these 
were the ‘ Kyntans' discovered by Dr Edmund 


commerce. Babool bark from Ac'ian arahicn 
(Willd.) is one of the pKncijml tunning rnateiials 
of Tndia(.‘l. (\ilecliii (Willd.) aiuK-l ('ohchu var. 
tSundra, see below). 

anncuJnfd (Taiin ), 3'nrwH<l, avaram, 
or 'rangbhdi bark, from a leguminous bush allie<i 
to senna, i« tbo„pr;nci|ial tanning malarial for 
Rhoep and goat .skins (so called ‘ persians') in 
Southern India. 

HouJock liaik. Known in this country prin¬ 
cipally in the form of extract, is produced by 
the himileck pine, Taiuja Caiuidem'^i'f, i 

(Carr.) of North America. 'J'Ik' bark contains 
8-10 ]).c., and the extract 20-30 p.c. of a tannin 
similar to that of mimo.sn, but giMug a larger 
proportion of red anbyiltides. and eon.sequcnlly 
a heavier leather, but, at the same time one oi a 
still more pronounced colour, wliieli ik less easily 
indiUliod by other ageiils. It is the sta])lc‘ 
tanning agent of North Amen<a. 

(lanihicr {Terra Japonicu), pale I'ateehu. nn 
inspissated eiftract from the leaxeK of rumrui 
(huihicr (Roxb.) of the East Indies, eoiitains 
3(V-40 p.c. of 0 ])eculiar catechol tannui, wliieJi 
penetrates leather somewhat slowly, but has , 
less astringencv an<|, adhesion lo the hide fibre j 
than most other tannins. These properties, j 
which are apparently due to ibi large percentage ; 
of non-tanning matters, make it very valu¬ 
able in certain stages of the tanning process, > 
although alone it prodneefi a leatlier of very 
inferior quality. (Vtch (dark oatqchu), tliough 
somewhat similar in it.s chemical relations, i.s a 
xery dilTcrent product practically, and is de» 
rived from the wood of Ac^aria Cahrhu (Willd.) 
and A. ('atcchv var. Sundra. and, consequently, 
more allied to the mimosa bark, which has 
already been described, (.lambier comes to this 


I Ktiasny, which xvere produeod by tlio con- 
; ilensation of tin- sulplionic acids of ])henols with 
I formaldehyde, which weri' patented by the 
: Badiselie Amlin and Soda Ceselsebaft, and 
! which liave not only been ia/gely imiiiufacturod 
I in Germany, but. since thi' war, in England 
undor license. 'I'he master Eiiy. Jhits. arc taken 
I out ill tb(“ name of .1. V. Johnson, the Badische 
I (-o.’k a./'(‘iit. and are 8511 and 8512, 1912, but a 
good many patents have liecn since taken for 
other moans of ])repanng tannhig compounds, 
some of tliem doubtless to proteet,^or evade the 
original patents, but others possibly of com¬ 
mercial value. Success in the actual manufac¬ 
ture ileptMids on many details not mentioned in 
the specification, ann particularly on the proper 
adjustment, of teinperaturo,^ 'I’hcs original pro- 
dm^s are very acid, and require to be partially 
j neutrahsed before they can be usf“d in tanning. 

[ Wlien of good quality they produce a soft and 
practically white leather, w^hich will resist water, 
i liut is easily stripped by alkalies. They form a 
I good preparation for Vannmg with v^egetable 
materials, and have a great bleaching effect, not 
<u:ly on dark-coloured vegetable tannages but 
on ono-balh chrome leather, which may 1^ m^e 
nearly white, and are largely used for this 
purpose. They precipitate gelatine and give 
blne-blaeks w'ith iron salts, and, likeAhe lignine 
products, contained in sulphites wood pulp 
liquors, are precipitated by aniline and hydro- 
chlorio acid. 

ExhnuatioTt of tanniny materials. —Most 
tanning materials require to bo ground before 
lixiviating. This i.s accomplished either by a 
mill, on the principle of the ordinary coffee mill, 
with grooved iron or steel cones, or by one of 
the numerous forms of ‘ disintegra^r,’ in wliich 
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the grinding is done by dashing the material; 
against a serrated or grated casing, by beaters 
revolving 2000 or 3000 times a minute. Valonin ■ 
and myrobalans are frequently crushed between 
fluted or toothed steel rollers. The grinding 
should not be so fine as to render percolation 
difiioult. The actual exhaustion takes place in ■ 
this country mostly in large square sunken vats, 
ponstrueted like the other pits of the tannery 
and worked in serie^ the liquors being citlier 
pumped from one to the other or allowt'd to run 
by gftpvitation through wooden boxes, connect¬ 
ing the ,8pacc lielow the jierforated ' false 
bottom ’ of one pit with tlu; top of tin* next. In 
America the * loaches.’ as the extracting vessels 
are called, ait^ usually inunensc circular tubs, 
fitted with ])erforated ‘ Mse bottoms ’ and heated 
by steam coil.s. 'J’hesc are generally employed in 
groups (d 15 or 8, water or weak liquor being run 
on the most nearly exhausted, and forci^^l or 
pumped round the scries tc* tho newest anrf 
sf.rongest vat. Hot extraction is more ra]>id 
than cold, and usually more complete, hut tho 
liquor is darker in colour, and coiitams more 
non-tanning matters, an<l the (jiiestion of tem- 
jierature must be decided by tho particular 
material and conditions, some lanmns being 
decomposed at temperatures which are not 
injurious to others.* 

'I’auning extmets now form an important 
portion of tho materials used by the tanner, un<l 
in many cases render available luaicnala which 
from their bulk and low percentage, or 
remote origin, would not pay for transit, or yield 
sufficiently concentrated liquors for niodiTii 
requirements. Among thoscs of leading im¬ 
portance may be mentioned those of the woods 
of oak, chestmit. and qiiehracln), and of tlie barks 
of mangrove and htinloek pine. Valonia, myro- 
balans, {yid sumach aio also cxtiacted. The 
uiatorial.s arc ])r^)ared and ('xtracled as above 
described, woods being jjrevioiisly reduced to 
chips or shavings by nuudiinea similar those 
employed for dyewoods, and heat, occasionally 
under pressure, being freely used in extraction, 
especially with the weaker niuteniils, such as 
oakwood, which only contains 2-3 ji.c. of tannin. 
When this is done, d<‘co!orisiiig metliods are 
frequently employed to rmnove the dark and 
difficultly soluble matters cussolved by heating ; 
the raost approved* met hod being juartial pro- ; 
cipitation by blood or blood-albumen, dissolved 
in tho warm infusion, which is then heated be¬ 
yond the coagulation temperature. MeUllic 
preoipitants are also sometimes used, and 
sulphurous acid and bisulphites, not merely as 
bleaching agents, but to render the phlobaplicnes 
and ‘ rods ’ more soluble. A so-called ‘ pinewood 
extract ’ is on tho market, made by concontrtt- 
tion of the sulphite liquors of cellulo^ manu¬ 
facture, which analvbV'S wellt but contains no 
true tannin and is used mainly as an adulterant; 
though it is absofbed by hide and probably has 
iogitimate mrA as a filling agent for sole-leather. 
After settling or filtering tho decolorised liquors, 
they are concentrated in tho vacuum pan to 
6CM10 p.c. of water for liquid extracts ana 20-25 
p.c. *for those intended to solidify, spray- 
evaporators being largely used forconoentration 
up to about 20 B6. 

Imperfect exhaustion is one of the most 
* J. Soc. Chem. Ind. 1895, 685; 1898,116. 


serious sources of waste in tanning, and the 
residues deserve more careful testing than is 
usually given to them. 

QuaiUitalive determimiUon of taninm ,— 
Many methods have beeu proposed for the 
purpose, several of which are capable of applica¬ 
tion under special conditions, but the only two 
that have stood the teat of general pi|ictjeal 
work, and are both valuable for difTcnmt pur¬ 
poses, are the hide-powrler method, which is 
the gradual development of tho work of several 
chemists, among whom Simand may be siweially 
mentioned, and the permanganate and indigo 
proce.ss of Lowentlial. 

'riie first of these permits aif actual gravi¬ 
metric determination of tho matters absorbable 
by hide, but these include colouring matters, 
acids, and other snhatanccs not strictly tannins, 
it lias been found that the absorption of these 
mRtt<‘A is lessened by a idight proliiiiiiuiry 
chroming of the liide-powdor, and it must also 
bo remembered that the method is purely 
empirical, and must thendoro be carried out 
witli absolute adherence to the smallest details 
if comparable results are to bo obtained. 

'Phe- following is the method of tho Inter¬ 
national Association of Leather Trades Chemists, 
V liich is the official standard in Europe and only 
<litiers in minor details from that of the American 
heather Chemists’ Association; but a commis¬ 
sion of tho Society of Leather 'J’rades Chemists 
lias roccnlly been aiipointod, who ari' working 
for its improvement. Its weakest points are 
tho large, proportion of non-taimins absorbed 
even by cliromod hido-jjj)wder, and tho uncer¬ 
tainty of the so-called ‘insoluble matter,’ 
Iarg<*)y conHi.stifig of difficultly soluble tannins, 
which will be removed filtration. It is not 
improbable that the use of the vlicrkefcld 
‘candle’ will bo abandoned. 

Prejmnhon of itifuswn.— jStic.l^a quantity of 
iTiab'rial sliall be employed as will give a solution 
conta^uiig as nearly as ]> 088 ible 4 grams of 
tanning matter per litre, and not loss than 3*5 
or more than 4-5 grams. Liquid extracts shall 
be weiglied in a basin <»r licaker and washed wiili 
boiling distilled water into a litre flask, filled up 
to the mark with boiling water, and well mixeil, 
and rujiidly cooled to a temperature of 
after wliich it shall be accurately made up to 
the mark, again well inixedP, and filtration at once 
proceeded with. Sumach and myrobalans •x- 
tracts should he dissolved at a lower temperature. 

Solid extracts shall be dissolved by stirring 
in a beakqr with successive quantities of boiling 
I watcr,»thft dissolved portions poured into 
i tt litre flask, and the undi.ssolvcd being allowed 
I to settle and trcalcd with further portions of 
■ boiling water. AfV'r the whole of the soluble 
' matter is dissolved the Solution is treated 
i similarly to that of a liquid extract. 

Solid tanning *m{itorial8 previously ground 
. till they will pass through a sieve of 5 wires 
; per centimetre, are extracted in Koch’s or 
I Procter’s extractor with 600 c.c. of water at a 
‘ tynperature fiot exc^ding 50“ and the extrac- 
I tion continued with boiling water till the filtrate 
amounts to 1 litre It is desirable to allow the 
; material to soak for some hours before com- 
: mencing the percolation which should occupy 
not less than 3 hours, so as to extract the maxi¬ 
mum of tannin. Any remaining solubles in the 
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material must bo neglected, nr reported aepa- 
rately as ‘difficultly soluble^ substanccB, The 
volume of liquid in the ffask must be made up 
accurately to J litn^ after c<*f»ling 

'J'ho total hoIkU must be d(‘terminod by 
drying a weighed ])orti<m of the material, or a 
measured portion of its uniform turbid solution, 
at a t^unperattire between OS-r^' and 100‘' in 
shaJlofk flat-bottom(“d basins, which shall after¬ 
wards be dried till constant at the same tem¬ 
perature, and cooled hef<ue weiglnng b)r nut 
loss than 20 minutes in an air-tight desiccator 
over dry ealemm chloride wl/o/s/i/rr is the 
difference lt>0 and thri percentage ot 

tittal stilidi?, and ni’tnhthl: v tin- dilTeH'nfc be1\v<‘en 
the litio/ so/Kh ami (olul soMih 

Fillrittioii.- 'J'lir infiiMon shall Im- liH(‘i('d lill 
optically <-lear (se(‘ }>elow) Ko coinM-lioii for 
absorptiiv' IS needed for the Hrikelchl cuidle, 
or for iS iV y. .'^tlOjpajxT if a suflii lent (jr.antity 
(2r>l) 30d e.e.) is rejected before ineasiirint’: tlie , 
quantity f«n evaiioration ; ami tbe sobilion may ; 
lx* jiassed tlirougli rej)eat<‘dl\ to obtain a I'lear 
filtrate. If otliiT iiH'tliods of tillratioii aie ' 
employed the av(‘rage rorrectuni ueees.sary must j 
Im* deterniim'd in tlic following inainier. About 
r»00 e e. ol tbe same f>r a similai l.aiminL' solution : 
is filtered perfectly chair, ami after thoroUL!h 
mixing 50 e e. is evap<»rated to d(‘lei nnne ‘ 1 olal 
soInbJi* No I.’ 'I'he renmind<T is iiou' Idteu'd 
in the exact method lor wbieh tlie eoi-reilion is ; 
required (time of eoiitaet ami Aoluine iijected i 
b<‘ing h<*jtt as constant as jiossibli'). 'ml 5(i e e is ' 
evaporated to determine ‘total solubh' No 2 ’ 
'I'lic ihlU'rener' between No. ! ami No 2 is the I 
I'orri'etion i.ougbt, ■whu ii must ])e addiMl to tbe 
wi'igbt. of the total soluble's foiyul hi auai\'si.s ' 
An allernati\e melliod of {letermining eoi reef ion, 
wlm-h IS j;<jiinllv m-eurate ami often nioie (on- , 
venient, is to niter a jmrtion ol the tanning ' 
flotution tbre^igb tbe Heikeb'ld (andic till! 
optienlly clear, w lueb can gener.ill} be aeeom-i 
jilished by rejecting llOt) or ItM) e e. and ri't inning j 
the remaining liltrate ivjtealedly ; ami at the i 
same time to evajiorab' 50 e.e. of clear liltrate j 
obtaim‘<{ liy the iiu'thod foi’ wliieli eorieelion is i 
reijuireil. when the ibneirnee between tlie 
residues will be the eonvetam sought. 

(Nm’n.-- It is oliviniislhat an a\eiag<‘eoj ree- ; 
tion must be obtained troni at least 5 delermiiiu- ‘ 
tions. it will be fo«nd that this i.s appro.xi- j 
mutely constant, for all maienals, and amounts ' 
in tlie ea.se* oi S. k S. 005, 150 e e. bmng rejected, 
to about 5 mgr. [lei 50 e.e and where 2 gniriis of 
kaolin are emjiloyed in addition (o 71 mgi. ! 
The kaolin »;ni.st be prev loiisly wa'sliei] with 
75 e e. of tin* same lupior, whieli is allowed to i 
stand 15 minutes and then poured off. J^aper 
(i05 has a special absorption for a yellow colour-! 
ing matter often eon'ained in suljiluted extracts.) 

'i'he total Koluhlf'i must be determined by ‘ 
the evajioration of a measuivd (juantity of tlie 
solution previously filtered tdl optically clear : 
both by reflected and transiiiittc'd light: tlint is, 
a bright object such as an eleetric light filament; 
must bo distinctly vi.sible through.at least 5 cm. , 
thickness, and a layer of i cm. d(‘«‘p in a beaker 1 
]>lace(l in a good light on black glass or black ! 
glazi'd jiajier must ajipcar daik and free from 
cipalescciicc when viewed from above. i 

Hide-pow'dcr .shall be of woolly texture, 
thoroughly delimed, jireferably with hvdro- 


chlorie acid, and shall not require more than 
5 c.c. or less than 2'5 c.c of N/10 NaOH or 
KOH to produce a permanent pink with phenol- 
plithak'in on (H grams of the dry powder sus¬ 
pended in water. If the acidity does not fall 
within tlie.se limits, it must lie corrected by 
soaking the powder before chroming for 20 
; ininiitcN in l(f-I2 times its weight of water to 
I wliieli tlie reqiiisile i cil( ulat(*d quantity of 
I .standard alkali or acid l^i^s been added. 'The 
; lude-jiowder mu.st not swell in chroming to .such 
1 an extent as to render difficult tlu? neeikssai'}’ 

' H(jueezing t.o 70-75 j) e. of water, anrj must be 
' sufficK'iitly free from soluble organic, matter to 
I rendet it jio.ssible in the ordinary washing to 
! reduce the total solubles in a blank exjiennient 
with disfilk'd water below 5 mgr jkt 100 e.e. 

! 'riie jiowdi'r will'll sent out fr«»m the makers 
sli.dl not eonlain more than 12 ji.e. ol moisture, 
and hliall be sent out in iin-tigbl tins. 

Ii Till- detaniusalioii ,diali be caiiied out in the 
tollouing iiiaiiner. - 

'I'he moisture in the air-diicd pitwder is 
delenuiiied and tlie (|U,uititY eijual to (i-5 grams 
actual dry hide powdci is calculated, which will 
be practjciilly constanf if the powder be kejit in 
an aii-tigiit, vessel. Any multiple of tins fjuan- 
lity is taken according to the number of analyM'S 
to be made, and moistened with ajijiroxiuiati'ly 
ten t imes il.sw'i'ight oi di.stilled walei ’ 0*2 giam 
pel luiiidi'cd of dry jiowdi'r ot crystallised 
clirojiiie (,lil<uide ('i('j ptilUO “ is now dissoKi'd 
in ,ivat<'i and made basic w itli tMi giam Na^t't >1 
by tbe gradual addition of lJ-25 e.e. of N/i 
soiut loll, t luis making (be salt corresjx.ml to tlie 
formula ('r.^('I j{()lI),. 'lliis solution is added 
to till* jiowdei and tlie nliole < luirned slowly for 
I hour. In laboratorie.s when analyses are fre¬ 
quently made it is more convenient to use a 
IP J) e. stock solution, made by di.ssolvmg liM) 
giams ot CrCl „t)}Li) in a littk* list died watf'r 111 
a litre llask, and veiy slowly adding a solution 
containing ^10 grams of anhydrous sodium car- 
bonale, w'ltb eoiistaiit stirring, tinally making 
U]i to mark with distilled water and well mixing. 
Of tills solution, 2d e.e. per UK) grams or ]’5 e.e. 
|ier d-5 grams of dry jiow’der .should !«' used.® 

At till! end ol one Jioiir, the jiowder i.s 
K(]uee7C(l in linen to free it ns tar as possible from 
Die residual liquorAnnd washed and squeezed 
reptxitedly witli distilled wntcr. until on adding 
to 50 e.e. of Die liltrate, 1 droj) of 10 }).c. K 2 t.T 04 
and -I’drops N/IO AgNO.,. a brick-red colour 
appears. l<\mi' or five .sijueezings are usually 
.suHieient. Such a liltiate cannot contain more 
than d'Od] gram of NnOl in 50 c.c. 

'Phe Jiowder is then squeezed to contain 
7d-75 }).e. water, and the whole weighed. The 
qrantity (J containing <i'5 grams ilry hide is 
thus foupd. weighed out and added immediately 

JOO c.c. of the UiifilU'red tannin infusion along 
witli (20 r>-(}) of distilled water. 'J'lie whole is 
corked iiji and agitated forD5 minutes in a 
rotating bottle at not less than bd revolutions 

^ Very wcwlly powders nsinire slightly more than 
10 times their widglit of water A powder may he 
eoiwldcred ‘woolly’if it cannot be poured like aaud 
from n lieaker.—-U.U 1*. 

® ‘(’liroiii-sos(jnichlorld cryst,’ Kaliliiaum. ’Satis- 
lactory (.lironiic chloride may now he obtained from the 
‘ hrltwh Drug Houses ' 

® The soliilloti Hometiiiie.s clmnses colour slightly by 
keeping; but this lias bei'ii sliown toliave no intiuenee 
on results.—H It.P. 
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per niinuto. It is then squeezed immediately 
through linen, stirred and tillered tlirough a 
hildecl tilter of sufficient ^ize to liold the entire 
filtrate, returning until clear, and 00 e.e. of the 
filtrate is evajioratcd and reckoned as 50 c.c or 
llie ro.siduo of 50 c.c is multiplied by 'f|. 'Die 
non-tannin filtrate must givii no turbidity witii 
a tlrt)p of a 1 p.c. gelatin 10 ji.e. salt s<ilution. 

One gram of kaolin free from solubles must 
l)e used either by ^nixing it with the Inde- 
jiow'der in the shaking Imttle or willi the liquid 
iiefofi' filtration. 

AH e^a}K)ration>. slnill lie rupKlly eoiidueted 
at stt'aiu teniiKMature in sliulfow, flat-bott<nned 
basins of not less tiian <>'5 cm. diameter to 
apparent dryness; and shall bo subsequently 
drieil bolw'(‘en 08 5"^ ufid 100 ' in a water or 
sOaain »)\en until of consOiiit weight, and sbali 

l) <‘ afterwards ia)uled in small air-tight (lesiccatoi'' 
o\ er diy (‘alcuim chloride tor at leas! 20 inmntes, 
.iinl tlu*n wt'iglied laindly. Not nioie than t\^i 
liasins shall i)o ])laeed in one desiecatin, and the 
liasiiis must not bo wiped after rmnoval fiom 
tfie desieeatoi. 'I’he n‘.''ulue is “ iioii-lnimiiiH ’ ' 
'I’lie difleri'iiei betwi'cn these and ‘total solubles,’ j 
IS taiinitig malteis.’ 

Tfie Lo\\<‘)itlud imdliod is \oiumetne. and, 
as \ cry iiun ii w eahei infusions c an he mnployt'd, 
a larger quantdv of water can be used m extrac¬ 
tion, or it- may he a}>jilied to very weak infusions 
without eoncentiatioii It has gone out of Jise 
for eommeieial analysis, but the comparison of 
Us results witii the hidc-jiowih'r methoii is 
sometimes iisidul in tlie defection of mixtures in 
extracts; and as a contiol nu'thod in tfinjiing 
{rp. iq-oeter and Hirst, J. Sot. Clieni. liid. 15)00, 

m) . 

'i’lie metliod dejiends on the oxhlation of the 
tannin bv pei niaiigunate in present e of excess 
of sul])Kj^nated iiidigo, winch serves both as an 
iiulieafoi ami I'fguiator ot the reaction. 

'I'he imligo solutmn is made by dissoiving 
5 grains ol jiure sotliiim t>r jiolasMum* nidigo- 
Rulphonate (tb-he's Ca\ninnnu Cveml. op. answers 
well) in a litre of distilled water, adding 50 e.e. 
of concent rated sulpluiiie aeitl anti fillomig ; or a j 
solution of 1 gram ‘ Intligo pure Jb A. S. 1'.’ 
may be dissolved in 25 e.e. of eoncentrated | 
sulphjurie acid, and nuule up to 1 litre with 
water and a further 25 i^c. of acid. Samples 
which give a brow^i’.sh instead of a pure yellow i 
flolution .\ftev oxidation are uscle.ss. The ' 
solutions keep well, hut the weak pormaiTganate ^ 
is best made un as retjiiired, by diluting iOO c.c.' 
of a 5 gram jier litre solutioii to 1 litre. 

The titration is best carried out in a beaker' 
of 750-1000 c c. capacity placed on a wliilc 
tile; and if many titrations arc to be made,. 
Bhould be provided with u scrcw-vaiied stiver 
driven by a turbine or other motor; ]^t in any . 
case the stirring must be vigorous and constant. 
20-25 c.c. of tho indigo solution, according to its 
stronj^h, and 4f0 c.c. of good water free from 
organic im^ffirity are introduced into the 
beaker, and iicrmanganato solution is added 
from the burette as rapidly as it can lie dropped i 
until near the end-point. Uniformity in stirring 
and in the rate of dr()pping is of prime import- : 
ance. 

The colour changes first to green, and then 
to pure yellow, and as it approaches the latter, 
the ftow must bo checked and tlie last drops 


added very cautiously. The quauUty of per¬ 
manganate used will 1 ki that required to oxidise 
the indigo. If tno ])rocess bo now ivjieated 
with the adilition of 5 e.e. of tho tannin infusion, 
tho excess iei|uired to destr»»y the blue will 
correspond to that re*piiied to oxidise the 
astringcnfs added, and must not exceed two- 
thirds of that re<|UHed for the indigo alone. A 
second estimation should not differ fri^m the 
first by more than 01 e.e. ; and tho results 
added together will coircsnoiul to the total 
aslnngcmts m 10 e.<;. of tho infusion. But as 
gallii- acid and oilier bodies always ])rcsenl in 
tunning inateriiils aro oxidised like liinmii 
itsell. It is neceH.sary to make a s^'coiwl titiaiion 
after removing the iaiinin. and esf.imate by loss. 
Por Hus jjurjiose hide jinw'der, either while or 
ihromed, may he used as in the previously 
({(’.senlied process, or to 50 e.e. of the liquor 
25 c. <• oi a tn'sli 2 p.e. gelalin sdfKtion and 
25 c.c. n| a .saturated .soluUoffof salt eoritaining 
.50i e c. of eom-enlraled sulpliiiric acid jier litre. 
The mixture is sliaken wilh a teas[)oonful of 
Kaolin for J5 miiiuli's, liltered, and 10 e..e. 
tilialcd. Th<* rcMill.s of Hh' gelatin metliod 
ill the M-paralioii of gallic from gallolaninc acid 
arcneuilv c\;nl, but )irol).il)l\ l»y a compensa¬ 
tion of ciror.s 

As it is uii))ossil)le to obtain juitr tamuim 
against winch to stamlar<lis<‘ Hm results, which 
c.in only be coiiiparial with others obtaineil by a 
picciKcly similar mode of titration, ]nire reerys- 
talliscd gallic aciil has been found the most 
eonvi'nicnt and reliable standard, 5 e.e. of a 
fresldy made solution of ()-l gram ])er litre 
being titrated in pluee»of the tannin Sfdution. 

If it be desiiod to eale.ulato from gallic acid to 
the re.siilts ot the gravimetric method, the* 
following ligure.s may he einjiloyed. hnt it must 
be KMiiembiTed that exeept in HR' ease of 
gallotunnic acid the comparison is nut with a 
cheniieal individual, and tlie resiTlts only repre¬ 
sent an average. 1 gram gallic acid - 1‘54 gram 
gallofaninc acid, I •(55 gram of the tanning 
matter of chestnut wood, 1-811 gram of that of 
oak wooil, 1 75 gram of myrobuian, Ubl) gram of 
(|uebiaeho, and averaging all ordinary materialH 
l-7b gram. Further details are given by Proctor 
and Hirst f/.c.). 

T(innag<’ of so/c kniher. As this is a simple 
and tyjiical ease of vegetable tanning it may be 
described in some detail. Knapp, in Ida classical 
essay on the Nature and Methods of Tariffing 
(N'atur iincl Wesen der Herberci, Munich, 1858), 
adduces reasons for believing that leather is not 
an actuarclieiiucal combination o^ihe gelatinous 
fibres of the hide with tannin, hut rather t hat tho 
aeHon is a .surface one in which they arc coated 
with an insoluble matter which protects and 
makes them resistant to solvents and decay. 
Though this conclusion is not wlndly true, it at 
least describes a icaetion which is specially im¬ 
portant ill the ease of sole leather. Whether the 
actual conversion of liido libre into leather is the 
result of a strictly chemical combination, or of 
the formatii^ of an adsorption compound, its 
}#>hdilicatiou is certalhly largely a case of snrfacc- 
action. It has been said that both acids and 
alkalis swell the fibrous bundlos and split 
tliem into finer libiils, so offering a larger surface 
and more finely divided texture, and to produce 
a heavy and solid tannage it is found uecessary 
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that this should take place either before or I 
during the tanning procosa. The Engliah solo* j 
leather'tanner usually acooibplishcH it by the I 
action of lime in depilation ; the Ainerican» who ' 
unhairs by sweating, has to secure it by a | 
separate treatment with sulphuric acid, while in ! 
other oases where sulphides or low liming are tho | 
agents of depilation, it is jiartly accomjiliKiiocI by i 
these $-nd partly by the organic acidn preseui in i 
tho earlier tanning JHjiiors. 'J'he avuulaneo of i 
stale or old limes is important, as they plump \ 
badly and cause serious loss of weight, but 
sodium sulphide is useful as sliortening the ; 
prooesH. When a hide wwollen with lime is 
brought into tanning Inpiors tiu' weak acids i 
present rapidfy iieutraliNc the alkali, and the 
hide, previously plump and linn, becomes soft 
and flaccid and falls m thicKnc.'^s. If little acid 
IS present in |>roj)ortion t(» tannin tins actum 
takes pl.wC very gradually, and tlic <taiinin 
Xienetrates rapidly in tlie alkaline .state t>f the 
hide, hut does not tan or li\ the liluc, Init wlien 
it is subsiMjuently .swollen hy aeids a p!tMti|> lajud 
taunagi! is obtaiiH'd. winch, liowev'er, is often 
delicienl in ci>l(>ur from llic tendem y of the 
lime to form tannatc's which darken in drying 
If, on the other hand, the iiulc*, coia^mratively 
Ireod from lime, is brought into liijuors where 
acid jiredoimnates over tannin, tho tissue, at 
first soft and tlaccid, swells gradually and com¬ 
bines with the tannin in an acid condition, again 
producing a plum]) leather and ol good coloiir, 
since lime tannates are easily solulilc* in the . 
acids present. Rut if, on tlu* othei hand, the | 
imswollen liido comes into liquors which have 
ineuffioiont acid to pltunp it, or if, having U'cn ' 
swollen by lime, it is allowed to tall back ns 
lioforo desenbed, the tannin viil lix it in this * 
fallen condition, and it will be iinjiossible atter- 
wardfl to plump it or to make tlnek leather. 

(The free acid capable of di.sHolving lime 
taimate in a liquor is oasdy determined directly ' 
by adding saturated lime-water from a burette 
to a measured quantity ot liquor, till it ftfrm.s a ; 
permanent cloudiness; 10 e.e. of liquor should ! 
require from 5 to 15 c c. Some of the acids ; 
which dissolve lime are too weak to jiroduco any i 
poroeptiblo idumping effect on the pelt.) i 

For common stile and stru}) leather the first i 
of those methods may be adopted with satis- i 
factory results, though a previous deliming of 
the surface with weak solutions of boric, acetic, 
}ao<iic, or some other weak acid is becoming 
increasingly common. If this is not done the 
hides or ‘ butts ’ (from which tbi bellies and 
shoulders have been trimmed m the beilm-bousc) 
are simply suspended in limy water to remove 
the scud aud loosely adhering lime, and are then 
brought into weak liquors, which have alieady 
lost most of their s^ougth iu previous use, and 
which may odvantagooualy contain a consider¬ 
able proportion of gambieui which has the 
property of colouring quickly without much 
contracting or drawing the grain. Tliese liquors 
should he contained in deep pits in which tho 
hides may be freely suspcndeii, if possible with¬ 
out touching each other, and in which they maiy 
be kept in constant motion, at least for t^e flrst 
day, without exposure to the air, which would 
darken them by oxidising the alkaline tannates. 
This is best accomplished by suspension from 
frames to wh'cb an oscillating or traversing 


motion is given by power, but shaking fre¬ 
quently by hand will answer the same purpose. 
1’hc butte or hides rapidly colour, and must 
be moved gradually forward into stronger 
liquors as the grain becomes set. It is difficult 
at this stage to state the suitable strength of 
liquor, since the specific gravity of these old 
liquors depends more on the impurities than on ^ 
the tannm present, but they may range from 
16“ to 2()\)t the barkomeji^r (sp.gr. 1'015-1’020) 
or oven more in mixed iannace, and the liquor 
sboukl <;ontairi no acids strong enough to redden 
methyl-orange, but should give a puvplish-red 
to litmus jiaper. 

If, on the other hand, it be desired to make a 
leather of first-rale colour nnd quality, the hides 
should Ih! freed as perfectly as iiossible from 
imie by scuiiding and the use of some of tho 
otlier methods already mentionod, and should 
come into weak liquors of oak bark, gambler, 
vr other bright-coloured materials, which must 
eoiituin a sufiicient jirojiortion of tree acid to 
prevent entirely the rapid coloration which 
has Ik'cii nieniioned ; tlie butts should colour 
much inori* slowly and tlieii talvc rather a 
brown than an oraiigi* tinl. Tins acidity may 
! be obtained by using in the later iiari.s of the 
; process such materials as fevnieiit and produce 
acetic and other acids, as for instance light oak 
bark and niyfidialans. but it will sometimes be 
iliffieult to secure suflieient without the direct 
addition ol acetic or other vegetable acid. 
Mineral acids, such as biiljihuiic and hydro- 
(“liloi’ic, must be avoided; but formic, butyric, 
and lactic acids arc suitabk, and oxalic acid may 
be used in small quantities to icmove lime and 
to liberate the natural acids .I'jth whieli it was 
combined 'I'be goods must gradually be moved 
into strciuger hquors, but care must be taken 
throughout to ki'cp llie acid in excess of tho 
taniiin, so that the. butts giallualiv plump up 
and roniam ]>lump, and it must be borne in 
mind that so far as swelling is concerned, acid 
and tannin are autagonistie. Putrid or stale 
liquors (wJucli are often styled ‘sour’ but 
contain little or no acid) must I"* sedulously 
avoideil in every sort of sole-leather tanning. 
'I’be great nnportaiico of the exact ‘true 
acidity’ (li ion concentration) is more and 
more recognised. ^ 

in tho \merican tieaiment of ‘ acid ’ sweat* 
leather the sides are usually slightly coloured 
before plumping in a sweet and moderately 
' strong hemlock liquor, and very dilute sulphuric 
; aoid used with water only, but if the colouring 
' and plumping are done together, a sweet fresh 
hemlock liquor is used with the vitriol so as to 
; tan the grain liefore it is much affected by the 
! aotd. 'J'he butts receive all their plumping in 
i this aci<^ vat, and are then tanned in liquors 
i which contain no t^itriol. • Good results are not 
' usually attained by adding vitriol in small 

■ quantities to tho ‘handler Uqul/rs.’ 

After tho colour is fully set, and'the butts by 

■ whatever method are fairly plumped in the 
suspenders, the rest of the process is very simple. 
The butts are laid flat in ‘ handler ’ pits, generally 

; with liquor only, but sometimes with a little 
! solid dusting material as tho butts get forward. 
In these pits the goods are bandied once a day 
i or oftener, and the liquors are constantly 
changed and strengthened. This (or in the 
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early layers) is the stage in which hemlock and 
other dark-coloujed materials can be introduced 
with least injurious effect. Instead of this pit* 
tannage in the middle stage, drumming with 
much stronger liquors comes more and more 
into use, greatly shortening the time requirt^d, 
though possibly with some loss of quality: for 


further loss of weight and firmness. I n the shed, 
clrossiug hides are simply oiled and dried, but 
it is now more gerihral to curry thorn wot out of 
the pits, an operation which is rather meclianie.iil 
than chemical, but which consists m scouring out 
the bloom or deposit of eilagic acid wliich has 
formed in the surface, shaving down, and treat- 


_ which reason it is generally used as a secret ] ing with oil and tallow. 'Dm ‘stuffing’ or im- 
' process. When the butts are coloured quite' ]>reguation with fats may b(' done by posting 
through, they are placed in ‘ layers,’ with : the iiioistcuod leather on ()ne or both aides witli 
stronger liquor and solid tanning material, such ■ ‘ dubbing,’ a j>aHty mixture of lalhiw and ni! ol 
as Aimosa bark, myrobalans, and valoma,. which the mi>rc liquid ])art is slowly ahaorhed ; 
strewed between them, and they are allowed to ; but it is now more usual to place tlie moistoned 
remain undisturbed for periods of from 1 to (5' leather in a warmed rotating drum, and run in 
weeks, according to the age and character of; the melted fots, winch aie absorbe^l in about 
the goods and the practice of the tanner. Tins j 20 minutes. The ineehanieal jmihesses arc now 
is repeated till the goods are fully tanned, when j alnir»st entirely done by machines, 
they aro raised and drainiMl, or Hometimes: Enamelled, patent, or Japanned leather, 
washed from adhering ‘dust’ and strong ' These namt'S are ajiplied to tlie various kinds of 
liquor in a warm sumach or myrohalans liquor,; leatlu** which are limshed wdh a lui^t water- 
or are ‘ vatted.’ Th’s procens consists iiT sij^- ju’oof surface similar to tlio%oqiier(‘d work of 
pension in a strong li(|Uor made witli hisiilpliited ' the .hipanese, the first generally denoting leather 
or ‘bleaching’ extract, or, preferably wilh so finished on the grain side, and with u grained 
horadol D (one of Si.arny's ‘syntans’). 'J'hi'y ! surface. 'I’hc colour is eomuionly, but not 
are then taken up into tht' tlrying lofts, wiiero j m\armbly. black. 'Die h'nther may bo •tanned 
tJmy cuat<')manly roeeivi- a sliglit oiling ami are | with a v ariety "f maU'nals, but must Im‘ well 
hung up until ahiiiit half dry 'l'h('y are tbi'U ; seouied and curried with but little oil or degras, 
laid in a pile to soften and eijualise the moisture : and iL is in'ccBsary that the hides sliould bo well 
(‘Rammed’), and the grain is struck out either! freed from grease by <‘areful scudding before 
by hand with the ‘pin’ (a twrf'-handled knife ! tanning, and now usually by the use of petroleum 
with a triangular blade;, or mure generally by ; spirit or other solvents m a suitable apparatus, 
machine : again slightly oiled, somewhat further ; The skins arc stretched on boards or framcH, and 

... ' eoateil with a linseed oil varnish boiled with 

L^russian blue, and Bometimes lamjiblivck, and 
other pigments. 'Die colour of the japan is not 
blue, but a brown-bliiftk, and the iron of the 
1‘ruHsiun blue acts not vmly as a colouring 
matter, but a drier. 'Ihe frames aie then*i 
slid into grooves in a sort of closet heated by 
steam to 40'^-(}0'^, and wlien tlie (••at is,dry 
the jirocess is repeafiC-d till the requisite thick¬ 
ness IB obtained, eueii (^oat be^ng^moothed with 
pumice before ajiplying the next. Jn i^'ranee 
Dressing leather. Hides intended for j and 4(Jerraaiiy the japan is frcjjuently 'finally 
‘ shaved ’ ludos are generally light, not exceeding j hardened in the sun, and ultraviolet rays from 
60 lbs. in rfhv weight; tluiBO for ‘ dressing ' or ’ ' 

‘ common ’ hides may be somewhat heavier. 


dried, and rolled twice and finally dried off in a 
warm loft. 'Die exact dryness or ‘temjier^for 
the different operations is a matter of great 
importance, but is not easy to doseribe in 
writing, and it is bcsidcK soinowliat influenced 
by the tannage, it is not uncommon to imjirove 
the colour of the grain by washing it with an 
amhno oflier colour in the interval between 
striking and roMng‘off,’ Jn place of ‘striking’ 
simple rolling witli a rolling maohme ih coming 
more and more into use, 


j the mercury lain}) have b<*en succeRsfuliy used 
! for the same jmrpose. The American tanners 
They are unh'aired with lime and bated with } are jiurticularly skilful in treating large thin 
hen pr pigeon dung, and ‘ sliavcd ’ hides are ; hides in this way. 'J’bcy are divided by the 


shaved over the thick of the butt with a j sjilitting macluiic into several thicknessoH, and 
currier’s knife, thckcdgo of which i 0 ,turned in a I both the grain and flesh splits aro frequently 
peculiar way, and ahar})ciied with a slender steel.! enamelled, the flesh splii^'oceiving a preliniinary 
'Ihey are coloured by freijuent handftng, or ' coatuig of thick boiled linseed oil anti turpeiitine 
better by the use of a vat agitated by a rotatory to form a sort of artificial grain, in recent 
paddlewheeljin a sweet liquor sufficiently strong ; times nitrocelluloso solutions have been largely 
to colour and set the grain in a di.stended con-. used to ttiplace the whole or a part of the linseed 
dition, so that, as the inner portions swell in ‘ oil composition. • 

thickness and shrink in area from the weak 1 Morooeo, when genuine, is ]>ri)ducod from 
^idity of the liquors, it becomoR wriiiklcx^up | goat-skins, but an article of equal quality is 
into a network of line furrowB, At this stage | made from the »ough-hmred or ‘ blue-back ’ 
citing knffe ! seal, and an inferior description, called ‘ 


‘ French 


bides are often split with reciprocating 1 

machine into ‘grains,’ which arc fmisheu m uiu.ww./, livim ... 

various ways, €nd ‘ fleshes,’ which when good > bmred by liming, puored with dog-dung, and 
are usually^ waxed.’ After this the tannage is ! passed through a bran drench, and are tanned 
conducted similarly to that of sole leather, but with sumach, first in paddle-tumlilers, and tbon 
with much weaker liquors and tanning materials,' in handlers^ Wilh sheep-skins the process is 
selected to produce a soft and pliable leather, infrequently much hafctcned by sewing them into 
Any considerable acidity of the liquors which i bags, which are filled with sumach liquor and 
. would swell the hide and produce a hard leather ; a little air, and are floated in a sumach bath 
must be carefully avoided, while stale and so-; and then laid on a shelf to drain and press, 
called ‘ sour ’ liquors will soften and supptement i After a day’s treatment they are again filled 
the action of tho bate, of course at the cost of a ' with a fresh sumach liquor, and this is usually 



Buflkient to complete tlic tanna^(e. When 
<lried, tliOBo arc called ‘ (iriist-roaiiB.’ 'J'hc dye* 
ing if* done cither by brushfng (in a table, or 
by folding down the back, or jMurmg. so as to 
])roteot the Hesh side as much as possible, and 
drawing through a dye-bath, which is generally 
of aniline colours or dye-woods. In iimre recent 
times the natural have been almo.st entirely 
Hupcrsjjded by aililieial (eoal-tai) coli.iirH, and 
the dyeing is frequently done in a jiaddic* vat or 
in a drum. The grain reecives a slight glaze of 
ulhumen and is polished by glazing niaeldnes by 
friction under agate, glass, or hard wood, and i 
is Hometinies mijneswil with an aitiiieml gram 
by engraved or electiolyjjed lolleis; the grain i 
Ixurig afterwatds raised or inipto\ed liy tli<‘’ 
n])eration known as ‘ biairdirig.* j 

Russia leather is tannod Wilb willow, bireb, ’ 
and jirobably t)tbcr barks, an<i is dyed with ! 
Itrazil wt; I gnmin^led «dh slaiinic ehlonde 
Its ])eeuliat odouf i.s duo to lh<' c.ssential od of 
bireli-bark t.ai, wlmh is applied during the, 
hnmhing pron'ss. Many iniitation.s inad(' in ; 
Kngland aii<l on the Contment are seeiited liy a ' 
HiMiill jiroportioii of this, ajtphed mixed witli <nl, 
it) the (h'sli-sule. [ 

‘Chamois’ or wash-leather is a totally' 
dilTerenI produet from those w'huli lmx(“ bes-n i 
already di'scrila'd 'I’bc ordiniiiy aitiule is nuidi' ' 
from the ilesb-spbts of slKs-p skins. and is 
thorougldy limed so as to dissolvt' as niiicli as : 
possible of tlu' cementing siibstanei' of the lihres, ; 
and so pioduee softness. 'I'lie Iimi' is then re- ^ 
moved by a short bran-dreiieh, and uftei tlio 
superfliKins moisture lias liemi pressed out. th<‘ 
skins are oiled on a table with tish or wli.ilc oil. ! 
folded m cti.slnoii.'., and worked nmler lulling 
r stocks for 2 to 2 liouis, ami lln^n sliaken out. 
and hung up for a short time to cool ami })aitiall\ 
dry, (In /tlnglaml llu* oil is usually gindually i 
added during sloeking ) 'I’lie proeo.ss is leja’ated 
again and agaip. until tlie wulm Inis been entirely ; 
replaced by oil, ami tiny aie then laid in a }m 1<- 
in a warm i>lace, when a soi(. ol fernn'iiWitioti 
takes place with a considerable ])iodm:tion of 
heat caused liy tin- oxidalion of the oil. and llie 
skins take a yellow colour. The surplus oil is 
now removed eilher by pressure (‘ degras ') or by 
washing with potash or soda lye, from wlmdi j 
* sod oil’ is reeoNcred by nenirah.safmn with 1 
suliihurie aind. Tboimh it is not known w'hat 
elK'inical change takes place in the tibies. the 
leatJuer is extraordinarily I'csistant both to 
boiling water, acids, and alkubs, and yield'- no 
gelatin on boding. It lias been sr])]K)sed that 
the fibit's were merely coated with oxidised oii- 
produets, but fnis is negatived by the fact that 
the leather is iinafleeled by alkalis which readily 
dissolve oxidised oils, and it i.'* more jirobable 
that the tannage isvlue to aldchydie products of 
the fatty acids and glycerol. Only oils of which 
the fatty acids have iinsatura^ed double bonds 
will produce the result, and the most unsaturafi'd 
are the most effeetive. Kxeellent leathers of a 
chamois type are jirodueed by direct tH'atinent 
with forinaldeliydo and some othei aldehydes in 
a solution rendered alkaline by stHliuhi carboruilo; 
{Payne and PuUinann’s patent. 2872, 1808). 

Crown leather (Preller>, or Helvetia leather). 
I'Jiis leather, whicli ivS remarkable for its tough¬ 
ness, may be regarded chemically as intor- 
mediato between ‘ chamois ’ and kid, aa it is 


; produced by the action of oils and fats in eon- 
j junction witli an albuminous ‘ filling’ quite 
! analogous to the cgg-yolks and flour which arc 
j used in the kid manufacture. As the leather is 
' emjiloyed for belting, jiicKer straps, and other 
moebanical purposes, well-Hayed hides^ of 
medium substance are most suitable. They 
are unliaired by sulphides or sweating, or by a 
veiy slioit liming hastened by mechanical 
motion, so as to li'ssi'ii in^-ry to the fibre, b’or 
' the .sak(“ of ajijieuranec they aie often grained 
and coloured by w’orkbig for 1-2 hours'in a 
jiaddle tumbler in a niodi’rafeJy strong/diestnut, 
hemlock, or other tunning liquor. 'I'hey are 
tlieii .swollen (if not unlmiied w'ltli bme), by 
paddling fur a few Jiours witli about IfA oz. of 
sulpliurie acid jier lll(l(^ washed thiough clean 
wakr. ami Jiiing up until hall dry. 'J'bey are 
next sjivead on a table and coveied on the 
flesh with a layer of tanning jiaste { ineli thick. 
'I^iis'liiay be composed of 7 parts wheal flour, 

7 juirts bor.se giea.se, I part salt, and 1-2 paits 
talluw. (Originally ox-l)iMms were used in the 
mixtuie, hut arc not iieeessaiy.) Tliey are then 
loldcil 111 )»iiii(llcs and aic placed m a large drum 
stiuhlcd uilli pegs msi(h\ and wuimed by the 
injeclnm oi moist air to about l{l► 'oI•40", accord¬ 
ing to the haidncss oi liie fals miiploved, in 
wliicli tli'-y arc worked lor 8-12 hours: at tlie 
(‘tul ol tills liM(“ they aic again jiartially (IikmI 
and coated witli llic l.it-mixtiirc, and tiie juocoss 
rejieated four or live (imi's. 'I’lie IikIc.s aie then 
washed in water, and sometinn.s with a little 
soda, ami me cumed In selling out on both 
Sides, and boaidmg to laise the giain. 'I'he yield 
i.s only about 4(i p c I'l the raw weight of lade. 

Calf- and glove-kid. As it is imjmssiblc 
within the limits of this aitulc to gne working 
dctaib. wIktc the greate.st nicety is required 
in every stage of maniifactuie. and as tlii; 
general outlines art' the same iiu.butli these pro- 
tluei’S, it must Miflice to take them togetliei, 
briefly yidieating liow Uie tbllereut qualities of 
eacli aie pmdiiccd ; especially as eall-kid has 
bt^en abiHtst entirely siijierseded for shoe jiiir- 
]Mnes by ebiome leathers In calf-kid eonsuler- 
ublc (liMiiiess IS required, together w'lth great 
jiliabihty, whilst in glove-kid, which is made 
from actual kui-skins, as well as to a large 
extent from line laml»^..^ins, not only tiu' greatest 
softne.ss, biij the projierty of^'tietching in every 
direction without temieney to apniig back, is 
esseiiti.il. This i haracteristie dilTorenee is duo 
partly t.o the diflerent ehaiaeter of tlie skins 
einiiloytal, and to the fact that m the latter case 
special care is taken in the beain-bouBC so to 
dissolve the cementing matter of the tissue that 
till' separate fibres can move over each other 
witjjiout adherence. Hence the calf-skins arc 
usually unbaired simply by a rather thorough 
: liming, wiiilsl the <ii(ls are treated with limes 
i uhieli, in addition, contain realgar (red sulphide 
! of ar.sciiK), which is mixed witk the liot slaked 
j hme. In each case the .skin is Yuered, first 
j with a bate of dogs’ dung, and then with a bran 
dreneb : and m both eases, but especially in the 
! latter, the w'asbing iukI working on the Mam is 
very thorough, since unless the fat-glands and 
scud are very comjiletely got rid of, it is impos¬ 
sible to dye the skins uniformly and properly. 
The tannage is effected in a (£:um containing 
a mixture of fiour» alurn^ salt, and egg-yolks, 
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with ail addition of olive oil, being in prin- j 
ciplo a oiimbination of mineral tannage witli j 
that of <til and allninien as dc«iTibed under { 
‘ crown leather.’ After tanning, the goods, ' 
whctlier for shoo or glove ]>urpo8es, are dried, ; 
softened by ‘staking’ or drawing over a blunt 
knife, and ‘aged’ by keeping at least a few' ' 
weeks in a cool warehouse to tlx the tun. (JuH-kid ; 
is then dumped uiul shaved on the Uesh, and 
dyed hliieU after gn\nding with a mixture of 
stale urine, or ammonia and polussjum diehro- 
luateVitli logwood, .soinelimi's by bnisliine. and 
soinetnnei* by f'llding gram side out, and jia.ssmg 
through a bath of the dye lupior, and the <iye 
darkened and lived by a wash «)1 ferrous sul- 
])lial<'. The skins an* llicii re egged to reslon' 
the egg. tVf , remu\ed ili washing ainl dyeing, 
jiartially dried, an<l tIuMi grounded with a 
moon-knife (a rmiiul knife w'ith a eential 
liatuDo), nihht'd ovi-r the grain with a mixtiye td 
wax, soap, ami gum, and ir<»m-d to give them • 
gloss, hand laliour bidng .ilmosl. eiitiiely sii]n'r- 
sr(|efl i)y nia< Iiines. 

til glove-ku! tlie d\'emg pro* i'ns i-> mm ii moie 
( Diiiplirah'd, s.iih1 mnst ut the taiimigo is washed 
'Mil with w.inii waU-r, wliieli necessitate^ a 
second feeilni'j m tin- (tium witli <-gg-yolk and 
salt. The loloiiis aie piodmeil by a great 
Variety of lives ami moiiLiut-'. among whieli the 
juiees ot a variety of l)eiJies m,iy be iiietiliomMi 
Amlme dve.s are kik'I', used alniie. hut are 


Titanium and cerium salts have been shown to 
[losscsa tanning priniertics, but are still in the 
CKperiraentai stage. Probably most salts which 
prenluco colloidal preeijutates arc capable of 
producing a sort of semi-iucehanieal tannage. 

Investigations on chrome tannage have 
thrown much light on mineral tannagesingeneral. 
It is now generally admitted that tin* salts are 
decomposed by liydvolysis, and the acid* com¬ 
bining with one or more of the andno-groupB 
to form a gelatine salt, and the less Holuhlo 
j basic ion ailsorbod by the large surfaeo of tho 
jsejjarated fibril.s. This adsorption is ])rol)nhly 
' paitiy physical, but there is a good deal of 
i evidence (hat a salt of ehromyini*i8 linally 
I formed with the gelatine carlioxyl (A. and T. 

! LumuTO and Sevi'witz. Bull. Soe. ehnn lUOIl, 

' in, 2d, 1077), containing p.c. of (.T^Oa 

■ on the gelatine. Wilson also (.f. Aine^icatlier 
('hem.fi.ssoe. 1017,lOK; ami(^h'giiili^jondon) 
i 1017, 10.7) !ii\<‘s strong reason to believe that 
'an actual compouml of about (he same com- 
' [lo.sition IS formed w’llh hide fibre, but there is 
I no doubt that beyond this, considerable (juanti- 
1 ties ol cliioiiu' oM(le oi a basu; eliroiiu' salt may 
belixcil hv adsorjitioii. The gelat ine compound 
‘ is iiiRolnblr even m boiling water, but. is d<'cf)m- 
' piisi'd liy both acids and alkalis ('onsiderablc 
; doubt e.vists wludher ih(' so called basic, solu¬ 
tions of chroiiM', .salts are really delnide salts, 
eolloiilal Solutions of chrome oxide in tho normal 


fi'i'quently eiiijiloyed as a imal w.i.sh to brighten ‘ 
tlie er>|iuii. Alter d\emg, tli(“ skins are wrung j 
out or ■ .sli'cked ’ out wilii a. br.ms or viiieaiufe ; 
sleeker on a beam, diicd. and again sjigiitly 
damjH'd and stretrijeil h\’ di.u\ing o\<“r a hiimt ^ 
knife wliu'h Js lived on a |u).st; an ojieratioii 
wliu-li IS called ‘ st.iking.' i 

Mineral tanned leather. Jt ha.s long heen' 
Known t|i,il not only aluminniin sails, lait ! 
tliosi' oi iron ai^l chromium ot c orreH|ionding j 
type were ea]>al>le of pidducing haitlier. and ' 
as early as 1H.->H, Knapji ilesciilK-d a method 
of eliiome tanning, winch is identuail willi, 
one of tlie modem processes; hut it is only ' 
within rei'cnf years tliat it has heen realiHi'd ; 
that Mich leathers )»(>sHess valuable jnojK'Vties, 
ami e.s|jfcially as regards tlieii lesistanee botii | 
to hot, and c<j1i1 water, winch justify the much i 
greater expense of chronic as conijiared with ' 
aluminium salts, it n> quite possible to jiro- i 
<lueo chrome leathers with ehromc alum and j 
salt, hut practically' Knajip’s suggosimu of ; 
forming a basic salt cither by addition of i 
sodium carbonate to the solution or m some ' 
other way is always employed iii ‘ onc-bath ’ 
tannage; wlule the ‘two-bath’ jiroecss of 
August Schultz, winch curiously came into 
practical use before that of Knapji, aetuaMy 
produced a basic salt in the skin, by treatment 
with cliromie arid and its subsequent reduction 
with acidified sodium thiosulphate, in either 
case the salt m fhc skm afterwards is rmideied 
Btiil more ba^c by ‘neutralisation’ with dilute 
Bolulioiis of borax or some other weak alkaline 


.salt, or salts nf tiomple.v ions Hassdt (J. 0 S. 
I'.t03, ‘)'.I2) shows that suljihurii- acid contained in 
till'Solutionjirodiiced hy reduction of dicliromatea 
with SO. no longer reacts with barium chlorhle. 
Koi practmiil puiposes the basimty jh estiiiiateil 
by hot titratiqii with NaOlJ, ami compounds 
eorre.sjionding to (!r(,'lj(()li) are fouu<l to be 
suitable for sole-leather tannage, whik* for tho 
liner and softer leathers they are a<lvaittageonsly 
.somewhat more basic. Jlydvo.^'-ncids form 
com|)]cx Jims with ('r which do not tan, and a 
solution of .sodium jiotassium tartrate (Bochelle 
salt) \ftll remove the whole oj the (Tfrom chrome 
leatiier, wlule almo.st the whole of the tartaric 
aeiil can be recovered by suitable acidification 
as acid potassium tartrate (ProiTer and Wilson, 
.1. Soc. (’liem. 1ml. lUKi. I.7()). Lamb has also 
paUmted the use of oxalic acid for the hame 
puijmse. 

I'or the ‘ one-bath ’ j»r#eess of tanning, basie 
solutions are invariably employed, tliuiigh soft 
and lightly ehromed leathers can he made v^tli 
iiornial clirouie salts by the addition of sufficient 
common salt, but the absorption of chrome i.s 
limited to the. amount renrlered^basic by the 
absorjition of aenl by tho amiiio-groups of the 
skm itself, and the salt is iieces.sary to prevent 
excessive swelling. Knapji made his basic 
liquor by the a<ldilion of nodium carbonato to 
the normal salt, Martin Dennis by (Kssolving 
chromium hydrojitdc in hy<lrochlorie acid, and 
adding s<*da if neecssary ; and liquors .suggested 
by IToeter have been' largely used in which 
eilhrr eliroine alum solution is rendered basic 


salt, and the leather is afterwards ‘ fat liqiioicd ’ , by sod.i or b^diroinate is reiliicod in jircsence of 
with a thin emulsion ol oil and soaji, dyed, and ! afialeulated quantity*of acid ny sugar or glucose, 
subsequently dried out and softened by ‘ stak- I for which other inventors have substituted 
ing ’ by machine. ! starch and glycerine. Probably tho best basic 

Iron leathers have never attained any com- ! liquor is that recently suggested by Procter, 
mercial importance, although Knapp spent but apjiarently already in use as a trade secret 
time, and money in trying to develop them. ' by certain firms, in which bichromat-e is reduced 



i06 


LEATH|JR. 


directly by ga»eou8 sulphurous acid. If the > as to enable them to absorb the dye. Logwot^ 


reaction is oomplete the equ9,ti<3n is 
Ne2Cr2(),+3H2SO 


and iron is generally used for blacks, and acid 
dyes for colours, as the basic dyes can only be 


, n /u.. sorur i -jMi ru ' provious nmrdanting with tannin. 

—Na.S 044 -tr 2 (S() 4 ) 20 m-d(U 2 <)) j ^ proiK'rly chromed by cither process 

but it is certainly an equilibrium reaction, and , should stand boiling in water without shrinking, 
if yO« is nrescrit in Jurcc excess, Ilassidt’s j ‘.Seiiii-chromc,’ which is vTgetablo tannage 
.^ .,f f..M Jiv .-iJlvnli ftTid re- 


equation 
K2i:ir/),+4H2SO, 


2S()3-}-(!r2(804),-! 411.0 


is probably partly justilied. Practically, iutw- 
ever, as HjiSOg has little swelling action on the i 
skin, the liqu(»r acts as if the first equation were j 
fulfilled, and gives the Kamo results when tif rated j 
with soda. It is thus suitable for sole leather 
without any addition, hut for light leathers 
should perJiajis Ix' made slightly more basic, 
when it has proved verj' successful even for 
chrorao-kid. It tans \cry rapidly, coni]»lct(’ly 
tauniiig*~Li4ick liidc iti still susjtonsjoix within 
48 hours. SodiiTm biclinmiatc is better tliau ! 
the jiotassium salt, since its imicli greater j 
solubility enahh^s eoncculr.itod solutions (Ib-18 ' 
p.c ) to 1)0 nuiilo w’liich « an be dilated as I 
required. I 

Siiig!o-bath tannage can bo oarnol out 
cither in suspension, or more rajndly in tho 
paddle or drum 'I’lie hiilea or skins arc j)ie- 
pured much as has been described for other 
tannages, and arc treated with liquors of 
increasing strength, or often of slightly increasing 
basicity, or very successfully, simply hy using 
fresii packs for exhausting tlie liquors ])reviously 
used for more advanced goods, as 111 tlio case ot 
veg**table tannage. 

In Sohult/’s two-bwtli tannage tin* ptiqiaied 
skins are first treated 111 an acidilicti solution ot 
a bichi'omate, almut 5 p.c of bichromate eitliiT 
of soda or potash and 2A p.c. of hydrocliloric 
acid, or %n equivalent quantity ol sulphuric, 
being used on t()e weight of wet skin. When 
tho skins aiU thorougJily yellow throughout 
they aro transfcrroil to a batli containing 10 j».c. 
or more of aciilified sodium tliiosulphate, iifVhicb 
the skins become bluish-green and the actual 
tannage takes place. 'I'lie chemihtry of the 
reduction is very complex, and .sul})bur is 

■depumted on tho akin. ^ , I (CV.Ii^oTi^l'a.' 

After tannage by either method, and Kub- ,, ,, .. hih 
sequent wa-sbing, tiio skins are ‘neutralised’ in 7^b’ 

or treated with a weak alkaline solution wbicli 
renders the absorlied cliromc salt more basic 
au^ leas soluble, and pre-vents the curdling of 
the subsequent ‘ fat liquor.’ A weak solution 
of borax is generally used, but a oetter method ' yieldsm'^ettmmaarfCj 4 Ht 40 ,-|-Hn 0 = 2 C 8 H. 04 ; 
invented by Stiasii) consists 111 the ukc of a solu- ; whereas hy means of boiiirig acetic acid or 
tion containing 4 p.c. of ammonium sulphate baryta water, orcin and carbon dioxide are 
and 4 p.c. of crystallised sodium carbonate, of ; simultaneously produced: 
which it 18 beet to add only 2 p.c. at first, and' «'/, /k 1 u n- ('< ir n o-P H O 

tho rest if required, AVith this solution, owmg ^JI,i4(>;+H20-C,n804+(-0,+t.,a8U2 
to the weakness of ammonia as an alkali, and I On the other '5iand, methyl alcohol at 86 
tho reprossing effect on its* ionisation of the i gives, in addition to orcin and carbon dioxide, 
excess of ammonium sulphate, it is impossible ' orsellinic aad methyl os/cr : ^ 

to over-neutxalise, which may easily occur even ! *^ 34 - 0 , 11802+002 

with borax. The activity of tho bath can be ; constitution originally assigned to 


restored by the addition of furtK''r quantities ; i^^canoric acid: 


partially stripj>ed of tail hy alkali and re* 
chromed, is not nearly so resistant. 

/ n. R. p. 

LEATHER BROWN-YELLOW, CHRYS- 
ANILINE, V AoRiDiNii: pYESTUiq-H. ' 
LECANORIC ACID {DiomlUnK- acid) 

was first described by JSeliunck under the name 
of ‘ Iceaiiorin,’ and wqs isolated by him from 
variou,s sjiccii's of the Lcriciiorn. and ]'n)wlana 
lichens. It is also jire.sent in some quantity 
in tlic Jiocdhi h\ porU niot'd, if. 

V 1 . 1 WV and Pariindia pcrIaUi (l.c.), and, 
According to Hesso (Aiiiialen, 130. 24), is beat 
isolated by tlie following nictliod, which is a 
modification of timt originally devised by 
(Schunck. 'J'hc finely divided lichen is extracted 
w'ltli ether, tlie extract evaporated, and the 
grcciusli-whitc crystalline residue treated w'ith 
lime w'uter. 'I’he solution, when neutralised 
with acid, gives a ])reci])itale of leciinoric acid, 
which is (uillectcd and crystallised from alcoliol. 
In case the product is not qniti' pure it is trcuti’d 
with ether, winch dissolves the acid, but not 
the impurity. 

' T.ecanoric acid orystulb'cs in colourless 
needles, m.p. ](>(>'’ (llesst'. lier. 27. 4093), the 
solutions of which pos.x‘ss an acid reaction. 
With alcoholic buiic, cldonde it gives a dark 
purjde coloration, and witli dilute calcium 
hypocldorite a blooel rcd liquid, which, according 
to ITcsse, is chanutevistic, and can be used to 
distinguish this substance fionqtbe known lichen 
acids. 

Dihroiitolicmionc and (llcsso, Annalen, 139, 
28) consists of minute prisms, 

m.p. 179, whereas tdiahromolccunwic acid 
(ligH 4 QOjltr 4 , prisma, melts at 157®. 

PoUi-ssnirii IcniHoraic (•i,Hi30,K,H20 ; ba- 
nm heunorute (CiftlIiaO-)2Ba,5H jO ; calcium 
'y ^dver hcanoratc 

norulc 

. (CieHisO^l^Pb-bPbllaOa 
and coj>]>cr Icca.noraie (<lj 8 ‘Hj 30 ,) 2 Cu, 2 H 20 have 
been obtained (J. pr. Chom. lii.J 67, 204). 

When boiled with water, leoanorio acid 


of soda 08 required. 

'I'bc skins are then drummed witli a fat-liquor 
containing a small percentage of soap and 
emulsified oil, and arc dyed, dried out, and 
Uniahed. The dyeing must take place before 
drying, as it is impossible so, to re-wet the skinb 
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in view of the work of Heinrich (Ber. 37, 1400) 
on orBellinic acid, is more ac(;urately expressed 
as follows: 

tH3 

oh/\oh 

CHj 

'I'his btvueture huiw Im'Cu euiifirmed by the 
synthesis of the acid (Visidier and Fischer, Ber. 
1013,• 40, 1138). 'I’heso authors converted 
dnuclhiil-cifthoHalo-orndltnn- acid : 
ixmi 
1 

CM -O. CO.,-CHj 

V ’ 

()—• 

^ • 

into its chloride (m.j). .53 ' oO ('.} by tlic iuliuii 
of phusjOioni.s )»cntii‘'lilond<.' in [moence oi 
acetone, dis;Mti\ed llie }>Mnluct in tlie same 
solvent and j/railuully added a well-conletl bolu 
tlon of orHelimie .xcid in aectono aii<i N lujueous 
sodium hydi.ite, wiieiehs dtiiulliiiI-L'iihouiito- 
orfidliuoyl-oi ticaJ: 

(■(_) -- --- o 

OH,—/V O-CO.-Hf , I 

Oil, A (Ml 

I I 

()-C()j-M<! OOIIH 

needles, ni.|). 185 -187' was funned. When 
hydrolysed by means <d aqueous eaustie soda, 
this slow ly })nsscs mto leeunorn- aeid, eolourloss 
needles, whieli softens at 170'^, and is eonipjeUdy 
melted at 175'', with evolution of gas (c/. liesse). 
The crysluls w ly«n ajr-dne<l contain 1 molecule ( 
of water of crystallisation. i 

'rhe uh'ntity of the produet thus oiitamed j 
with natural leeanorio acid was cstnldislied by 
comparing then melting-points, colour reactions 
with feme chloride, and w'lth bleaching ])owdor 
solution, and finally by convortmi: each mto : 
melfiyl-k(uxnoratc-tnincthyl-ethci, (Ijollg^O-. 

Tljc triniothyl-ether of metliyl-lecanorate 
has been shown by FisehcPfficr. 1913, Hi, 3253) . 
to b(! identical wiUi the product of.thc action 
of diazomethano on evcrnic acid. 

A. (?. 1\ 

LECITHIN is a i»onaminomono])hopphatide 
belonging to tlie grouj> of phosphorus-contaming 
fats known as hjiins.’ The occurrence of these 
comphoated fats was first described by Fourcroy 
m 1793. Lecithin occurs in practically all 
animal tissues, and is intimately associated 
with the cell-protoplasm ; indeed, it is ^cessary 
for this combination to bo bfoken up, oy treat¬ 
ment with alcohol or other means, before the 
whole of the Istithin can be extracted. The 
proportion </r lecithin in the different tissues 
vanes considerably; in dried ox-heart, 10 p.c. 
has been found ; in egg-yolk, 9-5 p.c.; whilst in 
the spinal cord of the rabbit as much as 35 p.c. is 
present (Erlandaon, Zeitseb. physiol. Ohem. 
1907, 51, 71 ; Roaf and Edic, Thompson Yates 
Lab. Report, 1905, 201; Nerking, Biochem. 
Zeitsch, 1908, 10, 193). In human milk from 
0*024 to 0*079 p.c. occurs; in plants, lecithin is 


present chiefly in the seedh. Schulze found tho 
foHi>wing proportions m loguimnous jdauts: 
in beans, 0‘30 p.c.; lupins, 0 37; vetches, 

0'39; peas, 0 01 (Jjunds. Versuchsiat. 18U1, 
2(50). 

Preparation (Maclvean, ,) Bath. Bact. 1014, 
490).—Tho tissue, which should l)o uh fresh as 
liossibic, is mincod and stirred up with severnl 
limes its volume of acetone or alcohol ;• after 
standing, the- solid is separated by filtration 
through a cloth, and pressed out m a labivraiory 
liand-pi'ess. Tbi* cake remaining is dntnl at 
i room temperature under an oleetrii! fan for half 
. an iionr and then ground in a eoilee mill to a 
' tino powder. Tlie dried }M)W'der slmkoii with 
' excess of alcohol for from 2 to 3 hours and 
1 the all ohoiie layer decanted. 'I'lie process is 
' repealed four to six times, the alcoholic extracts 
adilcd together and eoncxmtrated at4^ under 
reduced pressuiv. '(’be residuals tfl#f^up with 
i a small volume of iTIut and excess of aeotono 
added; the resulting piveipitate is .rubbed 
' togclhi'r with a pestle and si'jiurated, rodissolvcd 
in ether, and the jtioeess rejieati'd four or live 
tunes. 'I’lie jireeipitaU^ is then omulsilied with 
i water by rubbing it up in a mortar, and a little 
sodium I hloi'ide and half its volume of acetone 
added ; the })rcciititute w filWrcd oil througli 
I a linely-perforMcd JiltiT-jmjier and re-emulsified 
and i’opr<‘<upitalod three tuucB. After drying 
: by acetone, it is takem uji witli ctlier, and 
1 oi'Jitnluged, tho process being rojieatod until a 
i |irccipiiato com})ltitoly soluble in ether is 
olitamed. The substance is now dissolved in 
alcohol and any residue allowed to settle; the 
decanted ii(|uid is theu4ilten‘d and the alcohol 
oMijioratcd at,40" under reduced pressure: the 
residue is dissolved in other and f»rccipitat/<'(l * 
by acetone, dried by several changes of acetone, 
and finally in nicuo over concentrate<t suljihuric 
acid. • 

'rhe Kuhstanco eoinmercially' known us 
lecitlun IS a mixture of the two jihosjihatides, 
Iccithtn ami kejihalin, m widely varying pro¬ 
portions according to its method of preparation. 
Partial jmnhcation may bo made by extraction 
witli alcohol, lecithin being soluble m this 
solvent, and kephalni, the other lipin present, 
jnsulublo. Ether, unless very carefully purified, 
ttmds to increase tlie amount of alcohol-insoluble 
sub.stance present. • 

In preparing leoifhm from yolk of egg, 
Bi^rgell (Ber lifOO, 2584) extracted tho dfted 
egg with 9(> p.e. alcohol, and precipitated the 
mixture with an alcoholic solution of cadmium 
chloride &t 0^; tho lecithin eadgiium chloride 
salt is suspended in alcohol, extracted with, 
j other, and tlien boiled with eight tim(“B its 
I volume of alcohol (80 p.c.) under a reflux con¬ 
denser. 'I'ho cadmium was^emovod by the addi¬ 
tion of ammonium carbonate solution to the 
boiling alcoholic siiution. 'I'lie filtrate was cooled 
to —19" and the precipitate which separated 
wa'» dissolved in chIoruff>rm, precipitated with 
acetone and dried in racv6 over sulphuric acid. 
'I’ho high peicentage of choline found in certain 
dbmrnorcial product^ is probably duo to this 
method fd preparation, as kepbalin, the lipin 
which usually accompanies lecithin, forms a 
cadmium chloride salt soluble in alcohol and 
therefore not precipitated by the above method 
{cf. Lecithin, Mael/ean, TiOngmana & Co., p. 26). 
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('ortsUltiiion .—LeeiiKin is ropresenlcd by the 
formula: , 

Clla- UIKVn 

I 

1 I'll., 

1 

HO j>....o.. N (’lij 

O ^ 1 

OH 

whore R and are (ally ata<N rosuluos. Tlio 
Kiyoorol forniH an osier with 2 nioloonlos of 
fatty aoid and with |,hos)ih,,no aoul, the lullor 
beinK alKi^oo^hiiioii wif li chofiiu*. < onHidorahlo 
difloussion lias tahon ],laoo with roj^ard lo (I) 
th<^ nature of the liase : ( 2 ) tlie natuic of the 
fatty acids ; ami (^1) llio structiiic of the j'lyciao- 
[ihosph^^o aci<l and the nature of its eomhiiia- 
tion witlTtii’O (‘li'.JiMe. • 

(1) Streekor (Ann. lSli2. .'ir,.'!) identiliod 
(ho haso of Joeitiiin as choitne ; the amount 
present in locitliin obtanu'd fiom diih'renl 
soiireoH varies iaij^ely. I'nless spi'cial imuins (jf 
separation are iisi'd, pri'jsirations of lecjlliiii 
eoiitam vurvin £5 ]iirij,o,tions of a seecnul 
kejibalui. Ja-eitli'ii eontains eholine as Us has<- ; 
in ke)ilialin tlio choline is ie|ilve('d hy ^-aniino 
ethyl alctihol ('I’l'ior, i^intsch \iiiyMol ('hem. 

7n, 4!KI; ]\m, hi;, l; iCppler, ibid. 

HH2, 87, ; .Maelvean, lUoehem Zeitseh. 

lOlIb 57. i:i2 : Biochem. d. 1')15, d.ol). 

(2) Siearie, oh ic, and Imohe aeids 

have all been d('seiibe<l as liydmlytie ]ir<jchi('ls 
of h'cithin. 'rh(‘ I'xpennuoits lm\e, liowevei, 
been earried onl \vi(li tin]nin“ leeilliiii. and U is 
possible that the ke])halni jucsept is Hie .souiee 
of the sleiuic and Jmolic aeids and leeitlnn of the 
pnlmitie. and oleu- aei<lH. The ipieslu.n is not 
liiially settled (Cousni, Coinpt r<nd HMKh liS; 
d. I’harin. (.’hiiiu HK>5. |\i.| 22.“; Seiano and 
J’alazzi, ('licm. Zentr. Hill, [ii] 772; Levene 
and Rolf, d. Biol. ('hem. H)2I, lb. Hid, .'{53; 
Levene and Simms, ihul. 18,185) * 

(3) 'Die ^lyeoroj>hoH]>horie acid. Kitherllu' 
]>rimury or see<indary aleohol giouj) of the 
glycerol mij^hl be estenfied with the ]ihosphone 
aeid, blit only the ester of the secondary alcohol 
iiroup would show optical activity. HaiUy 
(I'ompt. rend. 1015, HiO, ,‘}d.5) claims to have 
isolated lioth forms 4'f glyeeroplios])hone aeul 
from loeithiii. Tlie cliidine js reoarilcd as eimi- 
biffing with tlie j'lyoeroj)hos;>liorii- aeid thiough 
its alcoholic hydroxyl, an estei-hke eonipouiid 
being obtained (Streeker. Lc. ; Hilson, Zeitsch. 
physiol. Cheivi. 1888. 5s5). 

Propcrb'(.->.-i.»eeitliin is a yellowish W'axy 
hygroscopic suhstance; soluble in almost all 
organic, aolvents except acetone and methyl 
acetate. Acetone jveoijiitatVs it frwm alcoholic 
solution, especially in tlio jirescnce of a small 
amount of sodium chloride. ■Sjecithin combines 
with both aeids and ba.ses; it forms well- 
eharact-orised addition coinpounds with cadmium, 
mcreurie, and platiinc chlorides. It forms eom- 
jiounda with ])rotems, and with (carbohydrates, 
though it seems probabli* that tlie latter afb 
uot choniioal entities but adsorption complexes. 
It is dextrorotatory; heated in a sealed tube 
at KX)** for some time it becomes inactive. 
'I'he lEevo-form is loft unaltered on treating the 
racemic form with lipase (Mayer, Biochem. 


[ Zeitsch. lUOb, 1, 81 ; 19U8, 8, 199). l.ccithin 
i is readily oxidised, and on standing in air 
■ becomes insoluble both in alcohol and in ether ; 
the unsaturated fatty acids present are probably 
converted into hydroxylated derivatives, but 
' other changes also take place. It should, 
therefore, be preserved in ?v/ctt(^and in the dark. 
Th(, presence of non salts and the impurities 
present in eomniercial ether both catalyse the 
oxidation. Jtiominc anrt iodine are readily 
ay,snrbed by tlic unoxulised substance (Riedel, 
1>. R. H. 151)110, 1.55029). 

Jhvlui/irid p/o/icrliis .— Lecithin "has been 
dc.Keribeii as })iiiying an important part in the 
phenomena of immiiiuty. It is ]»roba))le, liow- 
ever, that the giiait variety of the results 
obtained is due to thehnij)untie.s acconijianying 
the Jeeithin used iii this work, and it i^ extremely 
doubtful W'helhcr jmre Iceitiiiii ha.s any antmeiiu; 
fuiutioii. .Most of the vvuik eairu'd out on Hie 
•inologieal action of lei itliHi has beam done witli 
im])ur(“ material and is Himeiore of htth' valm*. 
It IS said to act a.s a stimulating agent for 
growHi (l)csgiez, ainl Zaky, ('ompt. rend. 1902, 
IKib, 1.522; llatai, Am. .1. IMiysiok 1904, 57). 
According to (Iveiton (Stiidien nber die Narko.se. 
1901, .Jimu) the lipm eelbmeinbranc ])lays an 
important pail in regulating tlie exebange of 
substances between the cells of Hie ainmal 
oi’gunism and the surionnding medium. Verm n 
(Hioe)ietn. Zeitseh. 1912, 47, 374 ; 1913, 51, 1 ; 
Him. 00, 202) )ms shovvii that lijuns })lay an 
lui^iorlant })art in the aetuni of the cell oxidases. 
Hie latter being rapidly ih'stroyed liy liist 
treating the cells with iirlain eoiieentratioiis 
ot org.ime solvents. Krom the extent and 
nature of tluur distnhtdion it is certain that the 
fmielion of leeithm in Hu* organism is one of 
])rimary Jiii)ioitaiiee, hut at [uesent we do not 
know wliat it IS. 1. y. M. 

LECITHINASE r . Snaki: venom. 
LEpiTANNIC ACID, LEDUM CAMPHOR 
V. Ledi m rxi.u.STKK (lann ). 

, LEDUM PALUSTRE (Lmn.). Marsh Ua; 

Wild losciuary. Is'don (Fr.); Vteffnh, iS'wwip/’- 
I porsi (Her.) ; a shrub (N.(j. Knt aaa ), some 
. 3 feel ill beiglit, iiiliabiting marshes throughout 
the northern liemisphere. 'I'he leaves possess 
acrid narcotic jirojfVtiC'!, and were formerly 
made use ,of in medicine. *.A strong d«‘coction 
is now sometimes applied in veterinary practice 
: to deftioy cutaneous jiarasites, and it is also 
omjiloyod to kill vermin in furniture. The 
plant has also been employed as a substitute 
for hop.s (Sclmndt, J'hnrma'/.. Cheinie, iOll, [ii.j 
2, 1857). 'The volniilv od obtained by distilling 
the leaves with waU-r was examined by Willigk 
(y;i'/.uiigsber. Wien. 9, 305) and Frobdo (J. 
1801, (192). Yield, 0*4-1 p.c.; d»»"0*932-0*963 ; 
rcMldish,* viscid. At contains acrJic, butyric, 
valeric acids, a terjMUc CioHiet boiling at 100®, 
an oriigcTuited oil CjoHijO, yc^rliaps ericinol, 
boiling at 240®-242®, and a eamplftr. 

Ledum camphor was examined in 

‘ 1790 by Rauehfuss (.l.lMiann. 3,1 and 189) and 
later by others, including Hjelt and Collan (Ber. 
i 1882, io, 2501). 'The camphor crystaUises out 
! abundantly when the volatile oil is placed in a 
i freezing mixture, and may be separated and 
I purified by recrystalhsation from alcohol. It 
iBubliines readily in needles, which melt at 104®- 



LECATMIN. 

„ J 1 -1 * oco« osi" Tlip in fiMin alkaline snlntinns kv <liliite ocltla niul by 

or and bml at 282 -2SS . I ln ^ that 

ulphuric aeid la CO I anhydride at i phoaphorus was an essential oleincnt. Sp.pr. 

,Uric acid Heated with acetic an lyi^ I .i .-ni (liiUinur): speeilic rolati.m of 


acm nrtuvu -.r 

50^ a sesquiterpene kdenc (' 15 H 2 , is 
i-hich bmls at 25r) \ and atO ' has a sp.gr. 0-0349 

riielt, IW. 28, 308) (Umphors). 

Marsh tea contains sm.all (pianUties of the 
Oiieosido ,'nroh» (V) (Itoclileiler and 

iehwarz, Silzuiis;sber. Wien. 0. 808 ; 11, ,ill) a 

;„niponnd wliii'h oeeivs Generally in erieneeoiis 

limits (Kawaher, ilml. 0. 20 / ; Ibal, . 1 . 188,1, 
1402)* It IS an mltniselv hitter, velluwish lu-own, 
iticky resni {r. lOiueoi.iN). By the action ot dilute 
H-idrt it hreaka up into ghieoso ami cnenm, 
111 . hitt<‘r eonipound is also a 

m-oduet of the aetmn of dilute acids on j/mipUTin, 
i, trlncohide oeciirring in^tlic needles oi th(‘ hr 
ind other conifers (Kawaher. Sit/ungsher. 
Wien. 11,350, 13,515). Krieinoi is a eolourloss 
oil M'hen lirst ohiained. hut it soon oxiilises and 
turns brown wln-n e.\j»osed to Lin 


i-28r)-l-3i* (l)iUmar); specitic rotation of 
lecumm in 10 p e. NaCl |nl„- 4 I-Otr ((Ishon.e 
and Harris). 

Ritthausen obtained legninm from peas. 
Iiarieots, beans, lentils, vetehes, ttc., by tlie ful- 
h.wing process. 3’he sertls are lineiv pi'wdm-ed, 
macerated with about eight limes their \\eiglit 
„f cold water for li hours, the li<iuid decanted 
ami strained, and the residue again macerated 
with water. In sonn* eas<‘s, notably with beans 
and lupins, Hie solution is acid, ami in siieh 
cases It IS desiiable to add to tlie^waWr use<l m 
extr.n ting Hie seed snUieieiU polassiuiii l.ydvox- 
ido to imuler Hie mivture \ery leebly alUaline, 
otfuTwise muclt less iirotmd will be extraeU'd 
from Hie se<‘d. 'I'bc' strained extrm t i ^ llowed 
1,0 setlfc- foi some time at a L^w^Wffperaturo, 
4", ami wlicn clear, or m-aily so, deiainteil ami 




by Willigk (Sit'/nngsln i. Wien. 9.302), Roebli 
and Sehwar/. [ibid. tt. 307), R.oehlcdei {<bid. 

1 <1.1 I , I I Lll-lO 1 WkC>\ l>...l 


M-hleder 
• 44, 

493). and Tlui! (.1. iHSlt. M02). IVihaps 
identical with Hie tannin o! tlm horse-eliestnul. 

LEEK. AUnftn (laiin.). 3'be Welsli 

national plant. 'I'lie taste .iml odour are due 
if* Hie presence of allyl sulphide ((^fUr,)-^- 
Konig gi\e.s Hu“ following analyses : — 

(Ull.T (M'g'UlH' 

Pro N-iicc('rmle iiil- 

Wider tciii Sim ir sfflisL Dhrc Asli]iTiiir 
Itoot.imUailh H7 a js (i,i n i »> I 5 ‘ ’“'‘a 

j<.-avcs . ‘‘u« ! 1 o I 0 S . I •{ 

'I'lu' following hbows Hie eom)iositioii of the 
asli i 

)’<-r I’cut '>{ o ^ ^ jn ; 

■ish ui dry .7’ o i — ■ 

sinistaiK'c Ai5 'A C' ^ 

Ttootanilhiiie b 3 30 7 14 1 lU I g H 7 (Mil: 

Ia’UVcs . . H -g 40 7 r» 0 gl 7 4 I 0 a 7 * 


liiily pill .sullii'iciit m ill In cnniplclc the precipi- 
taijnii, iiihI kcc)>iiiu the tciiipcniturc Inw. I ho 
pircipitiilc 1' cnllcilcil ml a liltov washed wilii 
5 t) 11 e ak'ohol, wbteh causes it to sbrink and 
separate easily Inmi Hie tiller; Hie precipitate 
is then tm-Hier washed and extracted with dilute 
alcohol, strong alcohol, and with ether ; then 
jiresscd, again washed with ahaihol, and dried m 
a vai mim o\ei od ot \ itnol. 

' It Hu- prodiu t IS still impure it may lie puri¬ 
fied by diissohing it in the cold in a v«-‘rv dilute 
isiiliiiiir i solution of potassium hy<hoxi(le 10 I-0 - 
I 2 mill I „,„ 1 . lifter ileeiiiil.iuK (nun any insnlnbln nialtei, 
o8 0 00 1 ^^ 1 .>,.(.{ with dilu4(‘ acetic acid. 

(' 0111 . 111(111 WIIH ohtanieil in a Binnlai' manner 
from Kweel anil hitter almonil.B anil from lupiiiH. 
11- eontnina lather more nitrogon, in miiro gin- 
tinonK, anil more Bolnhle in ocetic ^enl than 
iegnmni. hcMilea heing comuli't'l.V 
iliinte ealt nolntion. Al«o, ite e.Tni)iounil w'lth 
, upper ii.nie ihliers a little friim the legumin 

; e,o|)Iii*-o.\iile eomponml. 

(Iluteii eaaem was preiiaroil from the ncells 


•sal ■ 
r 3 0 0 


H. J. 


LEGUMIN. l> 7 f/«Wr e„,,em(P;iawo/»i). The | ..-v similar w.av 

ihatniotlropwiteinoftlieBeoilsof l.hoL«,»l»mn.«e, | of ;p«»--«-i< i " m a ^ 

fonnil also in some other sneils ; it closely re- ; Kittliausen .. neil ' 'fi ^ now- 

serahlcs in oomiiositlon and in -some of 'g ; Kv ' ™ 

it:o i i'- Li:dts!';hint;!;»i;,£^ 

confusion has arisen both as regards (lie natuie solution i^ t|’ih m llcet-i'd and waslicd 

and the names of tlie varions proti;ins. , acd, “"fV “.letom for 

Ijegumin was diseiivered liy Einhof in 180.5, 1 witli water till it cc . - » g 

and has been investigated by Proust, Vogel, | sulphates. ,„ves a nmniitate 

Bonllay.Braeonnot.Liidiig, Dumas, and Cahou*'B, 1 l<egumm .A , ),fVluO, and 

and others, and espoeiatly by Ritthausen, and eontaimng from • ' ' l.'v tlie treatment. 

later by T.B.Oshomo and bfcfelliiw-r/orkers. i I''" 1'^''*™’» 

Ritthausen divided jdant casein into legii- ■ (.onglntin • vields a compound cim- 
min, oonglutin^td gluten-casc.n, whiel. differ a i by tlie treatment, .and jiel « a compi 
. smi other in tlieir eiimiio-sition and i taming about I I i | • ■ , , .i/„rcil liv this 

„ .1,1, », 

vhivt sdiu 


little from ei 

in a few of their jiroperties. 
third he considered albuminates 
second a plant gloliulin 


treatmeni : j>ul .- - 

i «*nH-u'h-it soluble mVater, and cimtams abimt 
ona a plant gionmin j stmtwn.u huiuuu 

These three forms .of plant casein are. | 14 p.c. ( id>- w'v<»rftl sources 

tnrdinfr t,a THtthansen. nnk* slmhtlv soluble ill 1 The legumin 
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LEGUMIN. 


the soluble and insoluble portions. The com¬ 
position of logumin and its allies, as given 
Kitthau8en» varies soinowhaf according to their 
source. There is no doubt that the use of 
alkalis in the extraction of the proteins, and slso 
their subsequent pro(!ipitfttion by an acid, led 
to alterations in composition and projicrties in 
the prot^uns which luis led to confusion and some 
erroiieouH results. 

To 'r. n. Osborne.of tlio (Connecticut Agncnl- 
tuml Experiment Station, andliisfcllow-workcrH, 
notably 0. E. (Jampbcll, S. II. ('laj)p. K. 1). ‘ 
(Ji)bert, I. F. Ham.s, F. W. Ileyl. and ('. O. 
VtwheoH, we are indiditcMl for more exact | 
knowledge of the composition and nature tif j 
logumin and other vegetable ])roteinH. (>Kb<>rne’K j 
rtisearches began about the year ISO]. and will be i 
found, for the most part, recorded in the .lonruaJ ' 
of the American (‘lieniical Society and the | 
Americy,^ri;.'' urnal of IMiysiology from thit date i 
onwards. A sunVlnarv of tlu^ results is given m j 
TJie Vegetable Proteins, bv 'riios. It. (.)sbornc, | 
lOOi), in whii'b is a valuable bil»li(»gra|)hy of tlie : 
subject. ' i 

Osborne liax sliown that leguiiiui aiul its 
congeners are true globulins ; lie obtains Ic'gunun | 
(and similar proteins) without the aid of alkalis. 
'L'he finely gnnuul material, peas or vetches, is j 
extracted with ]>ctiuieufu naphtha to remove i 
oil and treated with a strong solution (10 -20 p.c.) ' 
of common salt. Alter liltering the lujuid is ' 
treated with ammonium .sut|)hatc, tiie resulting ; 
prt'cipitate nalissolvi-d m 10 ji.e. Hodiuin i-lilonde 
solution, and the 1 m|Uk 1 dialyseil tr<-(* from i 
elilorules wlien the proleui sejiarales in spheruids. i 
It IS was!ie<l with water and alcohol and dried i 
over Bulplmm- acid. 1 

Legiimin thus jnvjiared is msoluble in water ; ! 
when freshly jirejiared and not dried it is ! 
readily soluble in a 10 ji.c. solution r)f sodium j 
chloride. After washing with alcohol and i 


conglutin by Ritthausen, obtained from almond 
and peach kernels, has been shown by Osborne 
to bo different in some of its characters from 
legumin, and he baa restored to it the name 
amandin, first given to it by Proust in 1802. 

The name conglutin Osborne retains for the 
protein of lupins. 

The percentage composition of some of the 
typical and purest preparations is as follows :— 

! ' 0 oD*tatln from 

- .iSiS, voS:L 

put. US- ,j,aiisen borne 


Ititt- <)B- 
ImiiHcn borne 


Ihauscn borne 


(itlobuliii.s have been fuund in walnuts, luiT^el- 
nuts, candle-nuts {Alniniis triloba [Fitrsl.t), 
nara-nuts {Brrtholhtia). caslor-oi) l«*ans. cherry 
Jcornels, jiliim and ajiricot konu'ls, earth nuts 
{Arachi'i hu/iogna [Linn.]), hemp .seed, cotkn 
seed, coc.oruits, aunfiower seeds, and Rcveral 

otliei Heeds. 

liittlmusi.ui obtained the following jvereent- 
ages of Jcguinin from ditteront seeds:—French 
beans U |i.c., peas 54 tJ-4 j>.., horse beans 
!0'p.c., iVlaZyagiWi bean.s jH-7 j>c., and lentils 
5*2 ji.e. From sweet almonds he obtained 15 ji.c. 
of eonglutm, and {n>m lujiins 20 }>.c. 

'l’he whole of the nitrogenous matter of these 
seeds is not in the form of legunnn ; other 
j>rotems an* j)resen1. Tlius lieJd beans contain 
about 2il and lentils 25 j>.c, of nitrogenous 
matter. * 


rlrying it bootiim^s h's.s soluble. A Sf)lntion in 
10 p.c. sodium cJiloride js not precipitated by 
saturating tlie solution witli magnesium .sui})hato 
or with sodium chloride; nor by s(3diuin sul- 
]>hate at th(‘ ordinary temperature', but is pre¬ 
cipitated at S4°. Saturation with ammonium 
sulphate at common temperatun.s <‘om))letely 
precipitates it. In a salt s(.tlution, legumin is 
procijutati'd by pierie, tannic, hydnxblone, 
nitric, sulphune, or acetic acids, but not by 
mercurie ebloride. ft. is readily soluble m 
dilicto alkalis and alkalini^ carbonates. 

Hanimar.sten (Zeitsch. physiol, (’hem. UH8, 
102, 85) regards the logumin of (Isborne 
(a-legumin) which is solulile in dilute-sAlt solu- 
tions as diffoVent from the insoluble legumin ; 
of Ritthausen (ft-leguinin) which appears to 
be an acid mota-protein. a-Leguniin forms a 
compound with acid which, however, is not 
f>-legurain, because The latk'r swells in water, 
giving a viscid iion-fillerable^olution, whereas 
tlie acid compound of a-logumin does not swell; 
in water, but gives a limpid milky emulsion which , 
filters rapidly, yielding an opalescent filtrate. ! 
'I’liore are otlier differences which indicate that 
fologumm is not formed by the action of aeii, 
alkali or water, but is a distinct protein. 

The monoammo-acids from legumin have 
been studied by Ahderhalden and Harkin 
(Zoitsoh. physiol, ('hem. ifHffi, 47, 354). 

'fhe protein dcMcrilied under the name of 


The products of lie' h_\(]roIysis of legumin 
! witli aijid and alkalis are those of the jwoteinB 
generally, the nitrogen being fouiul a.s ammonia, 
arginine, and other bases, .glycine, alanine, 
leuome, tyrosine, jihenylalanine, aspartic acid, 
glutamic acid, and other amino acids and 
tryjitoplmn. Osborne and Harris found, on 
i decomposing with strong hydrochloric acid, 

, that of the total nitl^gon lh3 p.c. was obtained 
I as ammoniji, 28-4 p.c. as bafic nitrogen, mainly 
in the forms of arginine, lii.stidinc, and lysine, 
and ()F4 p.c. as noii-basie nitrogen. 

In China and Japan a kind of vegetable 
cheese, known in the latter country as tofu, is 
made from the seed of tlie soy bean {(Uyeine 
hispida [Maxim.]). This leguminous seed con¬ 
tains about 37^0 p.c. of nitrogenous matter, 
aijjl about 2d p.c. of fat, lieing a very concen¬ 
trated food. Its globulin (glyeinin) is very like 
legumin ^'rom peaf^ but contains rather more 
sulphur (0'8 p.c.) and rather loss nitrogen 
(17-5 p.c.). 

The cheese is made by soakiu^l^thc beans in 
water, pounding them, and straining through a 
sieve, which removes most of the starch, boiling 
the residue with water, and straining the solution 
I through cotton-cloth and pressing the residue, 
j The strained liquor, containing the nitrogenous 
i matter {legumin, &e.) and fat. is precipitated 
the addition of the biine formed on the deli¬ 
quescence of common sea salt; the precipitate 






LEONITE. HI 

pressed and cut into cakes is onlinary tojv. It Boric acid, to the extent of 6 railligrammes 
contains about 89 p.c. of water, the dry matter per litre, has been detected in lemon juice (Hebe- 
being nearly two-thirds nitrogenous matter and brand, 1902). Lembna are largely used, both in 
ono-t!iird fat. with small quantities of carbo- the fdrm of fruit and also for the prei)aration of 
hydrates and ash. A drier product is obtained i citric acid {q.r.) and essence of lemon {q.v.). 
by freezing those cakes of cheese, and then Lemon juice, botli in its raw and concentrated 
tlmwing by exposure to the sun. On thawing, a i (f) to 7 limes) state, is also an important coin- 
large quantity of water runs oiT, leaving a spongy, , mcrcial prtwluct. According t(i the British 

somewhat horny residue, kmovn as korud})Ju. i Idiarmacojijeia lemon jmee should have a sp.gr. 

Analyses of these products gave the follow’ing ot I'OHO to I *0 !q and 29 milliliiies should require 
results:— ’ 1 for neutralisation not less than 20 and not 

- —•— — — — - — — — - ' more than 2.V7 millilitres of N/1 solution of 

_, : Frr.I, iVmnZz™ »o(liuni hvdroxifle, currcspoiidinp: to a proportion 

tofu iorkorl-dofn of not le^s than 7 and not more than 9 grammes 

I of citric acid m loo millilitres. 'I’ho {esidiie on 

evoporatioii tlned at i 10 ' should ^eld not more 
Wat(T . . SO’O 1. 18'8 — tliaij It ]) c. of ash. H. 1. 

0-.7 1-0 2-0 LEMON-GRASS OIL c. art. Oils, 

Pat . .1 2 2 28-S IhlM Kssential. 

Nitrogenous (' j ,,, LEMON, OIL OF, e. Oils. Ks8s»f?i<9f:* 

' *’ LEMON YELLOW c. lUuidff CHROMATB and 

Carbolivdratos 0-8 2'0 2-r) * OmioMiUM. 

LENICET. 'I 'rado name for basic aluminiuTn 
i KIP-O 10(1-1) iOO-O ai-(‘(ato. 


K. K. 

LEHRBACHITE a. Srr.nNTOM. 

LEIPSIC YELLOW. Wniti'il hail chnmak. 

{r. (!hKOM1I!m). 

LEITHNER'S BLUE. CiMI liar l>io- 

MliN'i'.s). 

LEMNIAN EARTH, 7'.,,a h 'niniii, or Sphrn- 
qifhle. A red, yellow, of grey earthy isubstaiige, 
somewhat resembling fnller’s-earth, and con¬ 
sisting of 11 hydrated alumimum silieate, with 
mure or le.ss iron. Dana places it under the clay 
mineral cimolile ( 2 A 1203 OHiOa'bILD). It takes 
its naiiK* from its occurrence at Lemnos, an 
island m the Lreeian. Archipelago, where, in 
eon.sequei^ce of its rejmted medicinal virtues, it 
was formerly raganled aa sacred. Thi' earth 
was (Ing only once a year, with much ceremony, 
and, after mixture w'lih goat’s blood, wa»mafic 
into small cakes or halls, which were stamped 
with a seal by the j)ri<‘st«, w'hence it was ternn'd 
Irrra aiqillnin.* 

Lemnlan reddle {Ruhr/co Icmvia) was a red 
oehreoiis eartli used as a colouring matwal. 

\j. J. S. 

LEMON. 'The fruit*of (hiru'i niedzca 
(Liun.) fC. Tliere are many varieties. 

Kouig gives as the average of 3.3 analyses - 
Mean weight Tin- fruit coiislstH V 

o( a fruit Skin Flesh Seeds 

ir)3 grammes .38-5 r)!)-2 2 .3 

The fruit cf'ntaiiis — 

Invert (.'itric NUxogenoup 
Water sugar niid matter Ash 

82-0 0-4 5-4 0-7 0 0 * 

Tlie juice contains— ^ • 

Total Invert (lane Citric Nitrogenous 

extract sugar sugar acid matter Ash 

10-44 1-42 ^0-52 5-83 0‘32 0-20 

The rind of Italian lemons contains— j 

Water Nitrogcu Kssential oil Ash | 
70-38 0-23 1-01 0f>2 


The ash of lemons (whole fruit) contains— | 



LENTILS. 'I’hf- seeds of L(’7i.h pscuk'ttXn 
(Moeneli.) {Emm /rw.vl. 'I'hcse arc small in nizo 
and arc hirgfdy used ns human food. They arc 
very niitid imis. but iinh ss thoroughly cooked are 
flifiiciilt of digestion. 

’rii(‘r<‘ tire nmny varieties, din'cvlng e<*nMider- 
ably in size and also in comptfsition. 

llallaiKl (Compt. rcml. 181)7, 125, 119) found 
the following range of variation in eonqioBi- 
iion:— 


Weichtof 
lOo sceda 




N-fr«o 

Crude 


Krutiimcs 

Water 

rrotelD 

extract 

fibre 

AhIl 

2-r) 

11-7 

. 20-3 

0-(> 

5()-l 

3-0 

2-0 

to 0 i; 

13-.5 

21-2 

1-5 

02-4 

3-(i 

2-7 

(3iun 

-1. (F. 

)od Lniins of 

India, 

2.880 

and 


IKOI) gives analyses of husked and whole 
lentils— * •» 

N-freo Crude 

Water I’rotein Fat e.xtract fibre Ash 
Huskefl . IIS 25-1 1-3 58-4 1-2 2*2 

Unluisked .11-7 21-!) 1-5 50-0 3-0 2*3 

Komg quoie.^ as an analysis of the ash— 


I'et feat, of o o 

asii in dry ^ ^ m 

8ul>8t{mr.e 14 

2-07 34-8 13-5 0-3 2-5 


S oT C 

2-0 30 3 4-0 


lieiitds thrive in tem^H-rab; climates, and 
best on a dry calcarcfius soil; their leaves Md 
steins, when cut in the early stages of growth, 
furnish nutritious fo«)d for cattle and yield a 
hay wliichiis excellent for dairy cows. H. 1. 

LENTIN. 1'rade name for %i-j)lienylene- 
diamine liydrochloiide. 

LENTISCUS or LENTISK. The leaves of 
PisiacAa lenU‘<cij7 (lunn.), a small shrub grow¬ 
ing wild m 'I'uuis. (kmtairPfrom 10 to 12 p.c. 
of tannin and are iiseil m admixture with 
sumach, the dn^ leaves of RIizm coriaria 
(lann.), in tanning. For methods of detecting 
and estimating lentiscus in sumach, v. Scarlata 
(J. Snc. (^hcm. Ind. 1900, 779). 

0 LEONITE? Kalih]<«ediio, or Kaliastrakanite. 
A doiihle salt K2S()4'Mg8()4.4H20, crystallised 
in the monoclinic system and corresponding 
with blofulitc (Na 2 S 04 ‘MgB 04 , 4 Hj 0 ). It occurs 
iiHualiy m the ma-sive form, but occasionally as 
tabular crystals, associated with kainite in the 
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Prussian salt deposits at Wilholmshal], Wester- 
ogeln, and JiOopoldshal!. 'I’bo artificial salt, 
known as kaliastrakaiiitc, was known ])reviously 
to the discovery of t!u“ natural imneral in IKftli. 

L. .1. S. 

LEPIDINE r. QiuNoLiNK 

LEPIDOLiTE IjIthium. also Mk a. 

LEPTANDRA. ('Iihrr'.s Root. 'I'lic rhizonu* 
and rootlets of Veionu'it {Lijiiamha) ririfiiiiai 
(Linn.) eiuitain a resin h-ptiindrin. Jt is used 
as a catliartic in bili<tu,sness or eonstijmtion. 

LEPTOCHLORITE Tfinmsoiu:. 

LEPTOSPERMOL. a |>lienoJie substance 
found in tho essential oil obtained iroin the 
k-aves apd terminal lirniieln-s oi Jj (ilii.sin > unini 
JUfiH'srrnu, A eoloiirlesH visci)us !i<|ind, of a 
jileasaiit odour, Bivins' with h'rrie eldoude in 
aleoliolic! solution a brilliant oraniri'-red (okua 
tion and an intimse Idue with eopjitr salN. 
U.p. *fl|>i*;.. ’ K)‘710 luin : 27 o''-27n /7tro nim. 

1 •()7rt, l-r>0. Possibly idcntH al with 

tasmaiiol found in eertain inn ah pt us oils 
(Penf.dd, 3»erf. Kss. Oil. Kee. 1!}2I, 12, 

LEPTYNOL. 'I’rade lunne for tulloidal 
palladous liydroxiile in sesame oil. 

LETHAL .‘rc Spcniiarcli, art. Waxes. 

• LETTUCE. L(irluc(( .ycanoln (Linn.) and 
other species. Seveial varieties ati* known. 
'J'he h'aves are eaten as a salad 

Koiiijf gives a.s the aveiage comjtosit-ioii o1 
the usual speeu's 

N itrotccjuais Is'-tiei' Uriuli' nrj.iniiu- 

Watersiihstanccb loii i xlr.ict, lllirc A<^h snlnluir 
94*3 1-4 (►•:{ 2 2 0 7 I-0 tt-OJ 

'rhe ash I'ontaiiis 

KjO (^iio MkiT P„'V, SOj Sio,, n 

37-() 7 5 14-7 (i-2 o-li' 9-2' IPS S-T 7 (> 

'rin-; juice contains jiolassmin hydrogen 
citrate. " 

All lettuee.s jiossc'-s sliiilit nu'XotK- prolxT- 
ties, and tO’c milky ]iiic(‘ ol certain sjiecKxs, 
esjiccially L. riro.-.d (Jmiii.), when e\a])ora(ed, 
yields a brown, visi itl residue asIiicIi h«R been 
used in inedieine undei the name laetu- 
oanum ” {</.e.). H. 1. 

LETTUCE OPIUM r Lai’TI ' AKII'M 

LEUCACENE {ptn ■ diaeena])lith\ lene - iho- 
dacone), a hydrocarhoii formed when aeenapli- I 
theno is distilled through a red-hot tulx^ Foim.s 
colourless jilatelcts «,u' silky ms'dles, in p 2o0 ; 
cryslalliHc.s from bmizene as 4(7|U f...5(71lfl. 1 
When heated at 175 under reduced jiressure it 
deeonipoaes into ae<Tiaplitliylene and ihodacene. 
Becomes j*iiik on ex}K)Suie to au', and yudd.s , 
naphthoic acid on oxidation with clft-oinn acid 
(Dziewoiiski. Ber. 1929, 511 [B], 2175). 

LEUCANILINE r. ’rKU’HENYLMETtlANK OO- 

LOUUINO MATl'ERS. 

LEUCINE. 'I'hj; mime hiin/u, suitably jire- 
fixed, is given to the four following moiioainino- 
caproic acids:— 

1. l-Lencine {a-dinifto-y-nirfhifh'nknc uad) 

(CH3)arH-ai3-(^H(NiL)('O..H. 

2. d-iso-Li'Ucinr {a'diui m-^-nn On/h oU nrand) 

CHa-Cir3-('H((Ul3)FH(NH;jC(>3lL 

3. n-ljcucme {a-(imim-n-hcxoiC and) 

4. {i-nmino-n-licroic ncid) 
li3NCH3[PH3l,COaH, 


j With the exception of the last they all occur 
among the degradation products of a great 
many of the proteins. 

/-Leucine, a-futn'jio-y-incthjflrnlrric acid 

(‘lL,‘(’!l{NH2)a>.K 

' is, next to arginme, tlie most wklesprend uf tlie 
, ammo acids that oceui m proteiii.s. H was dis- 
! covered by Proust (Ann. ('him. 18IS, [li.] 10, 
i 40) in decaying ^■llc(‘se and I'alled “ oxide- 
oasciix ; Uiacoiinot {ildd. 1820 [ii.], 13, 19) 
isolated it from the prodm-ts of Ihc acid ,liydro- 
‘ iysis of nient, and named it Jcu<•ln(^ (Afv^tls) 
lieeausi' of the glistening white erystifls it forms. 

; Mulder (.1. pr. (’hem. iSIPh 10, 200) ostablished 
tlie identity of the two suhsfancc.s and also 
; obtained it by lioiling meat with alkali and by 
I till' pnti'cf.actioii of casi'in. 

j Leucine occuis in tiic fr<'c state in many of 
1 the organs of the animal body, in the li.ssiies of 
, thci'uiig (Ploetta. Annalcn, iHol, 02, 280), in tlie 
Ovhynioid and tliyroid glands and the pancreas 
, ((loiup-hesamz, AiiimJen. 18.70,08,7 ; Badzicw- 
; sky, /eilsi'h. ('hem. ISOO, 4Mi)» Iht* bnun 
; (Muller. Annaleii. 18.77. KKL 131); it is found 
ill tlie li\cj and urine under certain pathological 
I conditions (Krciich and Stadelci, .L 1854, 078; 
■1850, 7o2 : 1858, 550; Salkow.skv, J. 'I'liier- 
ciieiu. 1880, 457; V.ilentim'r. .1. 1854, 075; 

' Sotiiitrti hwsk'i. Zedsch. physiiil t'heni. 1870, 3 
3!M); 111 the blood (XOdeihaldi'ii. Zmlseh. 

; phvsiol. I'lumi. lOL), KS, 178; Jiippich, ibid. 

' JOIL 00. 121). Leucine otciijs m the pupie of 
; lA.ltciliii^ (Scliuary.cnbaeh, .1. 1857. 538), in 
spidcis and in ctaylisii, niai also m the typhus 
h.U'illiis.'raimira (Zeitsch. )iliysjol ( hem. 1014, 
KO. 280). In the vegetable kmgilom louciiio 
I lias ]>c<‘n found in the jiiiee of etiolated vetcli 
I seedlings ((lorup-Lcsancz, Bit. 1874, 7, 14t>; 

I ('os.sa. (Ja/.7. cliim. itaJ. ]87ti, 0, 314), also in tlie 
I young gr(‘(Mi plants (Sclmlzi', Laiulw# VeiMiclis. 

1 iStat 1805, 4(>, 383); in polaioes (Scliiiize .and 
Barium, ihid. 21, 107); in young ]mmpkin 
;])l)iii(4 (Seliulzc and Barbicn, Ber. 1878, 11, 
1233); in fungi (Wmterstem, Zeilseb iihystol. 

' Ciu-m. I80!>, 2l', 438); in the podol the broail 
I liean { Boiuipieiot and Heiissey, J.ddiarm. ('him, 
1808, jvi. j 8, 385); and in beet jmee (l<>Iieh, 
Zeit. Vei. dent. Zuckeriml. 1003, 571, 800). 

/•Leueine cryst^th.sc.s in glistening- w'bito 
liuives, melts at 28(P wlien rapidly heated ('J'rans. 
(iuinness lies. Lab. 1003, f. 57), and has Hp.gr. 
1’293, in absolute alcohol at 18^ (Engel and 
\’ilmain, lUill. Soc. eliim. 1874, [n.I 22, 279). It 
dissolves in 40 ])arls ol water at IS"* (Schulze, 
Ziutsch. pliysiol. (3iem, 1884, 0, 254) ; in 1040 
jiarts of cold alcohol (00 ji.e.) or in 8IX) parts of 
iiot alcohol (08 p.c.) (ZolhkolTer, Annalen, 1852, 
82, 170); in lO’O parts of glacial acetic acid at 
L)'" or 20*32 parts at 117"' (Habermaiin and 
Ehrenfuld, Zeitsi^h. physiol. Phem. 1902, 37, 
18). The molecular heat of combustion is 
854*0 C'al., and tho heat of fornintion 158*4 
Cal, (Bertholot and Andr6, rend. 1890, 

110, 884). Natural leucine or /-leueino is Ijevo- 
' rotatory in aqueous and dextrorotatory in acid 
or alkali solution (Lewkowitscli, Ber. 1884, 17, 
1439), and has lalp+15*(>'’ in liydrochloric aci(l 
■ solution (Ehrlich and Wendel, Biochem. Zcitscli. 
‘ 1908, 8, 399); it remains unchanged on boiling 
' with concentrated hydi*(>chloric acid {Abder- 
liaiden and Wnrm (Zeitseh, physiol, (.'hem 1912, 
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J2, 1H7); when hraktl with barium hydroxide 
iilution at for three days it is race- 

nised, and the inacti\e leucine <‘an be resolved , 
)y the aelioii of Fniv-iUiunt tjhinram, yielding 
Mcucine, the rotation of which is equal in 
naguitu(le and opjiosite in direction to that of 
he lajvo isoineride (Schulze and B(»sshard, 
’Icitacli. |>hysii>l. Chcni. 188(>, U), 140). tSVe 
■ichncidci’ ami Hurli'i ((‘licin. /cnlr 1014. 1, 
k)l) for its gorniicidal ciTects, especially against 
;he typhus bacillus. 

Th^ constitutmu of leucine as u-amino-y- 
nethylvalcric acul was ^ir^t ot.iblishcd by 
^chuizc and Likicrnik (Hei. IKOI, 24. 000), who 
ihowi-d thatthe synthetic a-<»ninu)j.sobutylacctic 
uud (a-aiiiino-y-inelliylvalenc .ici«l) ])rcparcd by 
iufiuT (.J. iir. (lu'ui 1870*1 II. I I, (i) by llu* action 
)f ammonia ami li\dr<>gen cyaimh' on C'.o- 
.ilcr.ildcliyde, was idontual with tli<' inactive 
emmic obtained by lieatum natural / lemiue 
vith barium liydroMde. Tl.( t\M> c.unjinuTids, 
lave tlie same solubdilv in watei. I part in 10.") 
it 13" ; yield tin s.uiie <! lem me wdieii used as a 
jultiin* tnediuiii for l^'nicillirnn ifhiiKiim, and 
'IVO tljc s.une leu^ ii' a<‘id (livdro\\ capruic a( id), 
u.j). nil ticalnicnl with nitrous acid. 

J''urtli<’r syiitliescs of /-leucine aie <l<'snil)ed 
i»V (I) I'lrleiinu yir and Ivnnlm (Ann.den, I'JtM. 
Uti. 1 |.“)), w’lio obtained tlie anhvdnde 
X 

(ciij.t'ii cj) ( erh 
I I 

t'O - 0 • 

if a-benzoylamino-/X'''opr(ipyla( rvlic acid liy , 
“(jmlcn,>i'it; bipjmnc .u td and ;-'ol>ut_\r.ildehyd(‘j 
n tiu- pie^c'iici- ()| iiM'tic .mliydiide: t4ie cmie- 
ipoiiding acid (t'H ,) 2 <'ll•('H-CtMl ('0|‘h)('(Lll 
A'hen lieatcd with (“xcc.ss of ammi'ma .solutnm at 
l.~)lt" 170" IS h^dl•ol\^c(l. vielding r lciuine, /vn- 
caleiM', an*l henzme acids, (2) Hou\eaull, and 
liOequin (Kull Soc. ehun. 15)04, [iiij 31, 1]80)| 
Tom ethyl a oximiiim.snhcxoate ^ I 

d/tamed by liio action of mtro.^yI .sulphate nii 
'thyl Aobiitylifcetoacctale ; tins on reduction 
pcldi'd ttliyi a-anuno(‘^^olK‘-Voate 

(('iI,)/dI-(.'l!,*('H(NH,)(!Od':t 

Toui. which by liy<iroly.si.s /-llflieino was obtained. 
3) Fischer and Schgntz (Bcr. 1(KM),*.30, 3.71)! 
ivho obtained r-leueine from ethyl ist/bulyl- ' 
inalonatc {CJl 3 );j(!H-Clll;.-C'Jl(t't>^Kt )3 by Von 
v'crting into the bromo (lerivativo 

((,'43).t'II-('H2-(dirf05O2Kt), 
liydrolyaiiig tins ester, and eonvertinc: tlie iso- 
butylbroinomalomc acid thu.s obtained mto 
isobutylbromoacelic acid , 

(('Jl3)„<'H-('H2*CllBr^C()^H , 

by di.slillation under reihued jiiessure ; this on 
treatment wdth ammonia Yielded r-loucine 

r-Lcuciiic has been resolved into d* and I- 
leucine by the fractional crystallisation of 
certain alkaloitl salts of the benzoyl and 
formyl derivatives (</.c.) (Fischer, Rer. IIKH), 
J3, 2370; Fischer and Warburg, thid. 190.7, 38, 
3997). 

Derivatives. Salt^.—Mercury sail 
(C.Ui'iOjNijHg 

VoL. IV.—T. 


formed by dissolving mercuric oxide in a Holvitioii 
of leucine ((idssmaivi. Annaleii, 18.74, 91, 134); 
lead salt (t'gH, 20 .>N)..Fb,H.^(> crystallises in 
leaves (Sireeker, Annaien, 1840, 72.'fK)); mppr 
salt {t'jHjjO^NjaFu, .small light blue erystuls, 
soluble in 304.7 parts of eohl or 1400 ])aris of 
hoUiug w'ater (Hofmeistcr. Anmden. 1877. IHt), 
10). The .'<nlls with acids are readily soluble: 
the two hifdrochhiidis ('-H.nOjN.lK'l ami 
(('alI, 2 <).,N)^,H('l are de-seiihed (l.,aureul nml 
(hThiirdf, Atm. (duin. IMiys. [ni.| 3i, 321; 
Seliwanert, Annaien, 18.77, 102, 222); the iiittate 
('gll 1 4l^N.UNt), (Laurent and (lerhunlt); the 
platiiiichloiKh (t'gH, 2 th.,N) 2 ,lKrt(’la forms a 
yi'llow crystalline ]irccij)itaie ; dl-^i/rwu' picru- 
ioualc t\oM„Or,N,'(.'Jlj,, 02 N crystallises in long, 
nairow\ greciiihh-yellow ]»nsni.s winch bt'coiue 
yellow wlion <liy; they soften at 130'' and molt 
at about 1.70" (<leconiji.), Ahdcrhaldeiu and 
W(‘i) (Putsch. ])hyhiol. ('hem. L70. 

, Levene nml van 8lyi\c. .1. Hiol. riiem. 1912, 12, 
127, ola.miied ro.seltes of six-sidi‘d crystals); 
nalural Imicme )>icro]onale iTy-stalhses into a 
UM\1ur<“ ol long, slcndi'r ami rhomboid crystals, 
Lcseiic and \.ui Slyki' {lx.). 

Av/ii/dndi {(\l\ \u.\K 272 ’, obtained 

; together w’ltli its (IiIm diTivative 

111 .]) 80". l)y the jLclion of benzoyl chloride on 
Iciicmo at 100 (heNirem, (7un])t. reml. 1878, 
80, 484; cf. (Oavi's, Marshall and Kckwmler, 
.1. Aincr ('hem. S<k*. 1917, 39, 112). The 
pulais.siKin sail of liimil/iyllciinne iodide 

li>'grnH(‘opic .sIcikUt iK'cdh's ubiaineil by the 
action ol iiK'thyl lodule and potassiuin liydroxide 
on Imu iiic ; tlu* i orrespomling citloro c;oinj)ound 
forms . 1 , yellow aiin< hloridc • 

(',M„()^NMe;,('i-Auf33. . 

ni.J). 103", nml an oiaiigc-yeiJow plahuirJilvndr 
(('(iHj,<ijNiMe.,('l) 2 l*l('lj (Koener and Mcnozzi 
(hizz. chmi. dal. 1883, 13, 3.71). 

Li ii< iinnndc ffl O-(h/,sol)uty!-2:7-diketo[)ipera- 

ziiii'jMI iii.I'-27r(corr.), 

yu'iils h 10 i/l-lcmiV'C 

Nn,-('l!{(',}!„)C0-NH-('fl((!4Hp)('(Ul 

on liydroiysis, this erystaliis<‘s with J j(), and 
melts slightly above 270'' (Cohn, 2eitse)T. 
jihvMol. Chem. 1900, 29, 283; Fischer, Rcr. 
1900, 33, 2370; 1902, 30, 1097; Salaskin, 

Zeitsch. ])hjHiol.Chem. 1901,32,.792^. l-Lnicnte 
.imlliijl vst'T has l»p 70'’-79‘’T>/12 mm., 1)^^ 
0 9.733 and [aj],^+IO-.73'' (Abderhaldcn and 
Sj)inner, Zeitsi-h. physiol, (.’hem. 1919, 107, 1) 
Ethyl I'ifer of r-lnttnu' has S.}/. 83T)''/12 mm., 

, sp.gr. 0'929 nt 17''’: the pmule has ni.p. 130° 

: (corr.), and the d tarfartc, m.p. 14.7° (eorr.) ; the 
: ethyl ester of l-lrueine has H 13 1°, and is 
: m)t raccmisi'd on hydrolysis ; it forms a picraie, 
m.]). 129-5° (corr.) (Fischer, Rcr. 1901, 34, 433 ; 

, c/. dlohniaim, ihid. I81fi, 30, 1978). When the 
ethyl ester of r-leucinc is left in contact with 
water and crude jiancreatin, it undergoes 
asymmetric hydrolysis, that is, the Lester is 
hydrolysed, whilst the d-estcr is not (Warburg, 
Rer. 1900, 38, 167). n-Fropyl ester of kucine 
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has b.p. »6®^9C712 mm. (Warburg, Zeikch. 
phvBiol. f!hem. 48, 20r)). 

r-Leucinainidc C'nHi/^Ng, ni.p. 10(>®"107® 
(oorr.), is preparod l).y the actioJi of li^iuid 
ammonia on the ethyl esU^r ; the ^-vaphthakne 
sulphonyl derivative has m.p. 17(»‘^-17H'^ (corr.); 
and carbcihoxy-dl-Uui'iruitnidv m.p. 

108®, readily yields |8-?>ol)utylhy(iantoin by 
shaking with sodium hydioxido (Koi-nigs and 
Mylo, Ber. 1008, 41, 4427). 

The ethyl eHcr of l-lcucineeurbunidv 
CO : N*CH(COaEt)ClJ,*('IIMe, 
b.]). 12(^-130^/18 mm. is formed logeiher with 
diethyl leucinvcnrln midc 

(JUlNll-CJl((H)J<:()CIl.-CllMcJ 
b.p. 180"-11M)‘7I8 iiijii. by the aelioii ttf carbonyl 
chloride on tno ethyl ester of leucine; i.so- 
hnty}\^J"(>\oi( avid 

m.p. 200®- 210" (with (hH omposition) is obtained 
by dissolving h'lmiiie, in e.'ccesH of ciiibaniide at 
130®-13.T', and yields ii/obHtylhi/danloiv 

>dl(‘ll-Cll,Pr^^ 

co: I 

■^Nlld'O j 

m.p. 200''- 210°. wbeu healed at 1.^0° ; llie tlhyl \ 
I'filcr of isiihiilylhyduiiloiv itcid is iddaiiied bv j 
the action of amnionia on tlu' i-thyl ester "1 /• i 
loiicineearbunido. and this on )iydi'tl\.sis yields 1 
tlio free iicid identieal with the snhslanee oh- ! 
tamed by the action ol carlianiKlc on leuemc , 
when uinliiic is substituti'd for aiiiMiotua tJic [ 
acid NHVh-C! 0 -NU Cll(CHJ>r^*)(‘O.IT is oh-' 
tained, m.p. 115° (UugouiK'iiq and Morel, Coinjit. 
road. 1005, 140, 150, 505, 850). Unruu 
' /Nl'h-C 

pliCHi/Uhiohiiddiitoiit S(' I . ni.p. 

■ - iNHCllCdl„ 

178®, i.s formed hy the interaction of leucine and 
]ihenyl mustard oil in the jiresc'iice ot jiblassiuin 
hydroxide, and its formation affoTd.s a emuenient 
method of iKolating leueine frmn (he crude 
material obtained by hydrolysing jiniteids 
(Hbhinan, Ber. 1808, 31, 2188). 

Phlhalylaminurajiroic and (. 74 lli 5 C 4 N, ]»re- 
paioil by fusing a mixture of ]ihtbalie anhydride 
and leucine, has a. ]i. 115"-I10°; it is la-yo- 
potatory, and is coiuorted into the iav;emie iso- 
mcrido oiulrvdistillation : the pl<((odianimoniin)i 
saU l>t(NH,,-Nlln('„H„ON)., of the active acid 
contains 311.0, tlmt uf the inacti.e acid 3111^0. 
Leucinephthuloic acid 

0OJl-CeU4COv\iI-CH(CC.jH)tdla-CllMc2 
is obtained by the partial hydrolysis of tlie 
.preceding compovnd, the aetivc acid melts and 
decomposes at 130°-137", fommg phthalyb 
amitioeaproic acid; the ^Kiassium sail 

KjCjiHjjOgN 

is crystalline and readily soluble ; the sodium salt 
is amorphous ; the bariuiu salt is crystalline and 
sparingly soluble ; th0‘ platodtammonium salt 
forms soluble rhoiubie plates; the amorplious 
copper salt is soluble in alcohol; the inactive 
Itiiciwphthaloic acid has m.p. I52®~163°, and 
ioruis a crystalline potas^sium and an amorphous 
silver salt (Reese, Annalcn, 1887, 242, 1 ; Ber. 


1888, 21.277). The benzene svlphonic derivative 
SOjBh-HN-CjHjo-COuH 

of r*leueine sinteifi at 140®. melts at 14C® (con*.), 
and forms Roluhic crystalline alkali salts, and 
sparingly soluble lead and silver salts; the 
corresponding derivative of d-lcucine crystal* 
lises in needles, m.p. 110°~120° (corr.), and has 
[^-]20_:}l)O(pvcher, Her 1900, 33, 2370; 1901, 
34, 449). 

licnzoyl-rdfuane 

(t'Ha).(^II*C:il2*ClI(NllCOPb)COa>l 
m.p. 137°-141® (c-tirr.). can be i*esolvC*d by means 
of its uikalojcl salts, the cinchonine salt of the 
d-.and the quinidme salt of the Msoraoride 
being .--ijiaringly soluble. Ik uzoyl-dltucine melts 
at 105‘'-107" (corr.).'disvulvs in 120 jiarts of 
boiling water and lui'^ [a(>*3!b in sodium 
hy(lroxide solution lUnzoyld hiamc molts at 
105°-I07° (corr.), 1ms (Fischer, Her. 

1900, 33, 2370). 

Furinyl-r-li ncine 

(Ulfa)2CU-( 'H, (‘H(Nil •( 'H())(_3 Ijl 1 
forms octahedra, m.]). llb^-llO" (eon*.); sc(^ 
(hilcotti (Hiochem. Zcitsih. 1913, 53, 485) for 
the condensation of r-lciicine with formald(“- 
liydo : formyl hvcylehhndr 
j ' (‘4ll.-(‘lT(NIJ*('iI())nX'I , 

[ Ks a crystalline powder. The bruci/ic salt of 
I loniiyl-d-leucmc is .s])urjiigl\ soluble, and yiekl.s 
! ^in iJccoinposition foimyl-d Icuciioo, crystalhsing 
i m long lliin [iriMiis, m ]> ]-tI°~l-14‘' (corr.). 

hl8 8'7]n 10 p.c. alcoholic solution. Formyl-l- 
\ Av/riMc ohtamed from tlic nioio soluble icueme 
! salt has the same melting-point as the d- com- 
! jiuiind and 8 T)". p-Toluvnesvlphonyl- 

\-ln(.vi')i<, m.p. 121 . [a]jf 4-'’'50° i*i aicoholic 
j .solution, yiclcl.s p-toluirii ■Kulphowfl-l '^-v} thyl- 
I hm..,'- (!ilMc2*(9F-(ni(NiMo*8()i;-li7)('()0’j-J, 
j m.p 91-92". -2 1 12°, and thus on hydrolysis 

■givc8/-i\-m<//<y?-b«n»'', [aj^/ i 20*7(i' iaaqueous 
solution, it sublimes ia needles when carefully 
heated and yields a crystalline nitrate and 
hydiochlorido and ^^he co 2 )j)er salt 

I forms i^iur or si.v-sidoil plates. Fischer and 
I Lipjchilz (Her. 1915,-IS, 300). Lcucinc heated 
with dijihenylmethane at 170°-180° yields cyclo- 
loucylleucjiKs (Iraziani (Atti. lb Accad. Lincei, 
1915 |5|, 24, 1, 822); Maillard, Aim. Chim. 
1915 [9], 3, 48). For a dcbojiptioa of the 
; numerous polypeptides containing the leucyl 
I radicle, see Fi.scher and Bargcll, Ber. 1903, 30, 
;‘2592 ; Fischer and Brunner, Amialeii, 1905, 340, 
142 ; C'lscher and Warburg, ibid. 152 ; Fischer 
and Koelker, tbid. 172 ; Fischer, Ber. 1905, 38, 
2914 ; llK)f>, 39,2893 ; Fischi^r and Stehigroever, 
Annalen, 1909, 3(56,107 ; Fiselfcr and Gerngross, 
Ber. 1909, 42, 1485; Fischer and Gluud, 
Annalen, 1909, 369, 247 ; Fischer and Fielder, 
ibtd. 1910, 375, 181 ; Alxlerhalden and Hirs- 
zowski, Her. 1908, 41, 2840; Abderhalden, ibid. 
i 1009, 42, 2331 ; Abderhalden, Hirsch, and 
1 Schuler, ibid. 1909, 42, 3394: 1910, 43, 907; 
i Abderhalden and^'eber,'t6v2. 1910, 43, 2420 ; 
I Hans Fisoher, »6ta. 1909, 42, 4320 ; Krause, 
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Monatsh. 1008, 20, 1119; Hopwood and 
Weizmann, Chem. Soc. Trans. 1911, 99, 674, 
1579; Abdorlmld'n and Fodor, ibid. 1910, 49, 
501 ; Zeitsch. phyeioU Chem. 1912, 81, 1 ; Ber. 
1910, 40, 501; Welrmann and Uopwood, Proc. 
Roy. Soc. 1913, A. 88; 455. 

For tho preparation and properties of tho 
corresponding anuno-alcohol and ohoUno from 
leucine, ( Kan-cr, Kan'er, Thoinann, lloilachcr 
and .Mader (tfciv. ('him. Acta, 1921, 4. 70). 

KxperunenU eonducted on 
dogs d^iuw tliat Icucmc, like other aniirm acida, 
can rcplac® aTnniouium salts in the fornmtion of 
urea (Salaskin, Zcitscli. physiol. (Miem. 189S, 
25. J28). Ivcueinii as well as tyrosine is assimi¬ 
lated by certain jilaiits such as Alga: (Loew ftnd 
Hokorny.J. pr. ('liein. IS8«, in j 30,279; Schul/.c, 
haiidw. Versuehs. Stat. 190J, 50, 97). Cucimns \ 
s]ieeies A'^iM'rgilhts .1. rrpoM. I’cxtcilhum ' 

gbiwum (Lutz, ('oinpt renri. 1905, 140, :^0 : ' 
I'ctrov, Hull. Ayr. Intelligoiice, 1914. 5. 210)., 
Veast poor mi nitrogen develops rapidly in a ! 
sugar solution containing leucine ; wlien raeiniiic ! 
leucine is employed the fermentation ))r<Kecd3 
at tlio u.Kpense botli o))tieal isomendes, but 
tho natural /-leueiiK' i.-> (i«\>troyed imich more 
rapitUy than tin* (Meiicine, which can thus bo 
recovered to the e\teut of 70 p.e. of the theoreti¬ 
cal quantity at the end of the reaction (Khrlieb, 
Zeit. Vei. dmit. Zuckeiiml, 1000, 008, 840). 
Tho degradation of ouniio acids in tlie plant 
and animal ecomnny apjieais to bi“ deamulisa- 
tion and osalation of tlie terminal carbon atopi 
(Sachs, HKieliem. Zeilsch. 1010, 27. 27), tliis 
would lead in the cas<' of leucine to tbi' forma¬ 
tion »if aiumoma and amyl ab-oliol ; aiul Khilub 
(Her. lOOli, 40, 1027) i.s of opuuon that Ibc 
occurrence of fu.sci oil during alcoholic fermenta¬ 
tion IS due to the hydroivsis ol /-lencmc and d- 
I'foleueiiie^n uording to the equations : 

ciiMc.'('u„('H(:?ir 2 )('o,n i ir.o 

(‘HMfEl C'il(NIJi)(U)..ir-| H.,6 

...CrufcEO'Hj-Olt I ( (ij+NII,, 

On oxidatifii with hydrogen jioro.xido Icueinc 
yiekis is .valeraldcbyde, n'.ovaloric acid, ammonia 
.ind earhon ilioxidc ; on further oxidation ai^ctone 
is formed from lyovalcrii; acid, the reaction 
closely *resembling sever.il Wochemical I’l'aelions 
ill which leucine tidms part (Dakin. J. Hiol. 
(.‘hem. 1908, 4. 03). 




Hy file actum of nitrous acid leucine if#coii- 
verted into leucu acid (a-bvdroxvi.?o)iexoic acid) 
(Strecker, Annalen, 1848, 08,'55); and on 
reduction witli liydriodic acid yields caproic 
acid and ammonia (Uufiicr. Zeitsch. ('hem. 

301). /-Lciicic aeid sinters at 78“^ and 
melts at 81°-82^ laj|^~27-8'' in allvalinp 
solution; d-lt*ueic aeid melts at 80“ has 
alkaJino solution {Seheimer and 
Wheeler, Ber. 1911,44, 2084). 

Separaliofi detection .—A mixture of 

loucine and tyrosine is readily separated by 
tfie aid of boiling glacial acetic acid in which the 
loueme is fairly {29-23 at 117“) and the tyrosine 
very ^lannglv soluble (0-18 at 117“ (Habarmann 
and i;,hreideld, Zeitsch. physiol. Chem. 1902, 
37, 18). lo separate tvTosine, loucine, and 
valine, Levene and Jacobs (Bioebem. Zeitsch. 
1908, 9, 231) recommend the following method. 
The mixture is treated with bromine, and the 


broiuo derivative of tho tyrosine removed by 
means of amyl alctdiol; tho valine and leucine 
are crystallised from the mother liquor, redis- 
solved, and the leucine precipitated by leail 
acetate and ammonia. On decomposing the 
lead proci])it!ito with sulphuretWd hydrogen, 
iQUcine and iVileneme arc obtained oiul eiui bo 
separated by extracting the copper salts with 
methyl al(H)h()l in which the eopjicr derivative 
of i.voleucine is soluble. (Jlutumie acid and 
leueino can b(“ .sei>ni‘rtte(l by saturating the 
solution with byilrogen eliloride when the 
in.solulilo bydioebloride of glutamic acid is |ire- 
cipitated (Dlaril. ('om])t. rend. 1901, 133, 1231). 

Leucine heated witli dilut<‘ silpimric acid 
and potassium bicliroiinit.e gives a cliaracter- 
istie smell not gneu by otlier monoamino acids 
(Moiinu', Zeitsch. physiol, (‘lii'in, 1913. 88, 152). 

lake other a-ammo carboxylic acids ^i ciiie 
gi\'es a*bluo colour il carefully WfTited with 
trikclobydrindcneliydrato in iilkalims solution 
(.•VlalerhaldoM and Schmidt, ibid. 1011, 72, 
37-43, and ihid. 1913, 85, 14(1). 

In order to test for small iruei'S of leucine the 
uramiiii- reaction may be used and typical 
crystals of <>.olmtyI bydantoic acid obtained 
(ldp[>icb, Zei1s<*li. physiol. Chciii. 1911,90,148;- 
sre also Her. 1900, 39, 2953). 

(i-i.''f)Lcucin 0 , a-<!/nu}fi-8-rn(thylmhric acid 
('MvCIK*('ll((*H,d('lI(Nll 2 )(.'D,U was dis- 
covcicd by Fibrbch (Zeit. Ver. dent. Zucki'riml. 
1903, .571, 809; Her. 1904, 37, 1809) in tho 
niotlier liquor of the bei'l siig^ar inanufuctiire to 
wliieh tlie strontia desaccliariiieatioii process had 
lieen iijiplied ; it is separated from the r- and I- 
leucine that occur with it the aid of its cojiper 
salt wliieh dissolves freely in methyl alcoliol, 
tlu' i-orres]iundiiig salt ui' leucine being only 
sparingly soluble. i.‘'oLcucjno has also l)ecn 
isolateil from the jiroducts <>f hydrolysistibtained 
by digesting blood fibrin with jiaiicrcatic juice, 
from the liyiliolytie products ol ovdibunun, 
fioiti the cnuli' icueinc obtaiiUMl by tho jmtre- 
factjoit*of beef (Lhrheb, l.c.); and from the 
prodiuds ot hydrolysis of casein (Weitzenbbek, 
Monatsh. 190(!, 27, 831). It is probable indeed 
that fi-iseleueine occurs mvarinbly along with 
/•leucine as a primary product of proteid hydroly¬ 
sis (Ehrlich, ; JOhrlicli and Wendell, Biochem. 
Zeitsch. 1908, 8, 399). 

(/-iwLeucinc cryHtalliso^ in shining rods or 
leaftet.s, whicli melt and decompose at 280® 
when heated in a closed tube; it has 9'7?'' 

in aqueous, -f-3(l 80' ip 20 p.e. hydrochhu-ie acid, 
or -t-n’l°4n alkaline solution, and dis.solves ill 
25-8t ))ai ts of waUw at 15’5“, the soMioii having 
a bitter taste. It is completely racomlHcd and 
partially converted into allviHolincinc after 
beating for 20 hours at 180° with barium 
liydroxido solution (Ehrlich, ^er. 1094,37,1809). 

Loequin (Bull. I^ic. ehini. 1907, jiv.) 1, 095, 
(>()1) liiids slightly different physical constants 
for the synthetic d- and /-r.<!uleucnie ; both com- 
poun<ln crystallise from water in brilliant 
spangles, and have m.p. 280''‘-290°; /-wioleueino 
j has 10T)5 ui al^ueous, - 31*37“ in dilute 

j or - 40*80° in concentrated hydrochloric acid 
solution, and J-isoleucino has [a]j®+ll*29" in 
j aqueous or -f 40*61* in concentrated hydrochloric 
1 acid solution, 

'i When d-woleucine is subjected to dry distilla- 



HO 


LEUCINE. 


tioii it yielilH }>arlia)ly raooiuiHod d-ainylaininf! 

together with iao- 
leuciiiiinidi': and it is doeorniiosod hy yeast 
growing in a sugar solution to form d-ainyinleoliol 
CiJ3-(‘U2-CH((’M,)(!H{Nll2)('O.H4H..O 

-(:iU,-('Jl2-('Jl(Cil,)(!il2‘01H NJI.,H CO. 

It follows, tln!refore, that /.vol<-tieinc is a-ainino, 
/^-methylvaierii- ai id, and this mi'w ot its con- 
stilutioii is eonhrriied hy vaiious syrithetK' 
preparations. (1) Boineault and liO( (|iiin (('ompt. 
rend. lyOo. Ml, j I.'}) preji.iii'il an niaetne iimcine 
fi'oin ethyl .vi / huta laeetoaectate 

CU.\ieEtCHAe-(’()J-:t 

this yields •thy! a-<ixirnino-syrlmlyiaeetute (a- 
oxinmio-/?-methyl valmate) 

CHMeEf( '(NOII)-(UCl-:t 

by the aelion of ndios\JsuI]»hate. winch on 
redin^r.^j',i;,eonvcj'ted into llu- inaelivc Jciicine 
Cl!MeI0t'('ll(N4io)('O,lI. On losoJving this 
oomfioiind by the fractional ei vstalJjsalion ol 
tlic brui me salt of its lorinyl deri\a1i\e. d-.-.o- 
leumnc was obtaiiKMi. identic,d wdh i'dirln-irs 
naliual }>todu<-t (l^ocqum, liull. Sue. (Inin. 
1007, fiv.) J, 50.^, (Mil). (2) Ehilich (Mei. 1007, 
-10, 2.7:18) .synthesised iNoleueme fnnn dhmyl- 
aleohol ('II.MoEtd'llj-Ojl, by the following 
senes of ri'iietioiis, llii' d-.imyl alcohol was 
oxidised to d-\aleialdeiiyile ('llMeJ'vt CllO, 
which was cometled by lli(‘ action ol aininoniu 
and hydrogen cyanidi^ into aiiiinovaliionilnli; 

and ()u.'<, on holrolysis. 
gave a mixture ot d-/Mdeuem<“ and hi ni< 

Cll!\lolljt'('Jl(NH.)(‘()jH. AJloi'Joleiume is a 
aterooisomule of j.solcjiicme, Mbich eontaiiis two 
asyminetiic eaiboii atoms; it (lo.sely nssiinbles 
nsok'Uemo in its e\(.einal .ipjiearance. .ind m the 
jU’ojierties of its d(‘nvali\'(‘s ; il has, howevcu’, 
a sweet/ taste, i.s hc\'oro(atoi_\, (a|“** - 11 I m 
aqueous and idi'tir) ’ in hydroelilot ie at id solu¬ 
tion ; and it dissoKes in 21 2 pails of un(ei at 
20'. (3) Using Fischers inetliod (Iter. lOOl). ItO, 
371), Elirlieh (dm/. J!H)8, 41, 1473) }uis‘.'ynthe- 
Msed racemic I'nleiieim* iioiii .s(‘eond.iiy bnl\J 
iodide iiiitl ethyl maionate , on hydiolvsmg tlio 
eoudensation product of these two eompouiids, 
Itomburgh's .sxcbutylmalonie acid is obtained ; 
this ou broDimatioii yields bromo-.svtbulyb 
malonio aeid t'HMeEt-Cltr(('<)^U)^, mIiuIi de- 
eomnosos whim dist^Med \mdei redueeil \iiessme 
yieJdmg a-bromo-^-inetliylvalerie acid 
^ CIlMi'Kt'f 

on treating tins eoinjiound with ainmoimim 
hydroxide it iseon\(‘r1ed into r.urrn!,'- i.soleiicme, 
m.p. 277" nf a closed tuhe. Tiie same .syntJie.Ms 
was made by Hiateh and hViedmann (Heitr. 
t'Jiem f'hysioJ. J'atli. 1008, 11, 370). 

Derivative*;. S(iU.s.—<i-\sohiicu\<-}iijdiochlo^ 

ride forms btelinfe needli^s; the copptr -su// 
0 j 2 HsaO 4 N 2 t'u is deep liluc and erystallme, 
dissolves in 278 parts of \Vater at 17 ’, m 47t) 
parts of 00 ]).c. ulcohoi, ami in 57 j>arts of 
methyl alcohol at 17'’; the foher Malt is white 
Jlocculent and erystallme ; the lead salt is 
Ktroiigly licvorotatory; d *sod( art//<• jnnolana(c, 
forms long, slender, six-sided crystals groupecl in 
Btai-M, m.p. about 170°, |-32'8°(Uvcucuud 
van 81yke, J. Biol. Chem. 1912, 12, 127). 

Acifl dertmtives of {!) r-n«oleucinc, the 
formyl derivative has m.p. 121‘'-122®; the 


//( itzoyl derivative lias m.p. 79'’, and b.j). 211 
mm. • the k nzcndsulphonyl derivative has m.p 
lOO"; and the p-toliunrsf/lphonyl derivative 
has m.p. 130' . (2) d-isoLvuenw, formyl deriva¬ 
tive forin.s finii traiislueeqt crystals from water, 
m.p. 170" I77^[f^l"^'1-28■20'‘; hp?t~oy/derivaU\e, 
iii.p. lib -117'-’, 20'.3I!'' Hi alkaline solu¬ 

tion; hriir.i Hi.iiilji/mii/1 derivative, m.p. 149" - 
1.50“, lalf" 12'04“ in alkaline snliitioii ; tlic 
m.p. 119-120", ta]^,^-M4'92“ 
in alkaline solution ; tlie jiltcvylhi/dnntom has 
in.p. 78 -70 ; li ii< utiinidi (/.so-2 : 7-rfi/.eft)-3 ; 0- 
diisohiilyljiijH nir.iiii ) 

Cll.MeE(Cll.4\’l4('><-'ll'('llMeEt 

{onus slender needles, 280' 281°, and is 

sln^hl ly (h'xti (U’otatory in alcoholic sidiition. 
(3) /-/5(/Lcucme, (li‘n\ali\e inis in.]». 

!5Crt 177’^, and ha.s 27*70° m aleoholie 

solution : the hriizcyl derivative lias m.]). 118° 
and lal"’C. 20 03' in A', 2 sodium hydroxide. Eor 
tlie deserifilion of jioly/ieplidcs eoiitainmg the 
/.•^oleiicinc r.idiele, m< A b(h‘i lin Ideii, Uirscli. and 
iSdiulei, Her. 1000. 42, .3:104 ; itiJO. 43, 007. 

a-LeUCine, a(.ui 

(‘11^(41,1j( ’li(Kllo)CO,!l 
ha.s n<)t been isoluled from the jiroducts of 
hvdrolysi.s oj piotein.s, hut, /ovaleric acid is 
formeii wlicn eusem !>' o\id]-.ed by luoimne 
(Skr.uip and Wilt. Moiiut.sh. liHit>. 27, 01)3), and 
Ihis .suggests the piesenei' (/I a-leueinein casein. 
Furthei evidence in favour ot this suggcsiion 
w'as obtained by lli'ekol (iMonatsli. 1008. 2!b 17), 
wlio found that by oxidising with {lota.ssmm 
j)(“rnmngamite that fi7i<tion of tlie Icucme <‘steis 
iroiii casein least soliihle in hydioclilMic acid, a 
mixture ol acids was o])tuinod about one half 
ot wlpeii was y/-valrrie acid. Samee IMonatsh. 
11K.>8, 20, 77) also obtained a similar re.siiit, using 
tJi(‘ leucine obtained fiom the neck l)aiul of the 
ox. Kiuhelka (Monutsh. 1008, 25^. 371) has pre¬ 
pared a-leucmo l)y Fiselier's melliod (Ber. IIKIO, 
:i3, 2:J20) from both natural and synthetic 
hexoic acid, using Knhibaum's ])reparation ; 
ItH) pait.s of the former gave 37 })arts of «- 
leuemi*, whilst 100 })arts ol the latter gave only 
0 part.s. Jtaeonne /i-Jeuein’’ inelt.s at 200'’ (eorr.) 
ill a*i(losed tube. 'J'lie ro//pcf salt forms [lalo 
bliK' leatlets, tlic -//icltl salt is greenish-blue, the 
(oliall salt erystallises in J*<'d leatlets; the 
methylated base yields a yellow onriclilondc 
Ui,Hi,02N,I1Au( 3,; m.p. 142". 

'I’lie resolution of raecmie n-leueinc has been 
effected by Fi.scher and JJagenbacli (Ber. 1001, 
k4, 3754) by the fractional crystallisation of the 
ciuchoft'inc salt (<f the benzoyl derivative. Tlie 
hen'oyl derivative of racemic v*-leucino has m.p. 
134'^ (corr.); l-hciizonl-w-l^cinr crystallises 
with has m.p. 73 °(coit.)^k 1 [a]^^ “21*9'' , 

in aqueous solution ; Iwvo n-leurinc prepared 
from thishas[a]i) —22*4'°; d-bcnzoyl-n-huctnchfiB 
!a]i, T 21*4",anddextron-/e«fmfhas[a]„+21*3°. 
\-i\‘L€V.cinc piCTolonatr softens at 145" and molts 
at 150", it has [aJ^^+lO’O" (Leveno and van 
Slyke, J. Biol. Chem. 1912, J2,127). 

Marko (Annalen, 1908,362,333) has similarly 
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separatetl d- and I- «-leucine from racemic ; 
compound by crystallisinj? the brucine salt of the 
formyl derivative of the racemic conij)ound. 
T-Formyl-whuciiie has m.p. 113‘'-il5"’ (corr.); 
/•/orm?//*n-fc«ci'//chasm.p (corr.), and 

17'5fi“; Imvo i\-lcuct‘i}c hos 22-09“ 

d-Jormifl-wdeucim has 17-03% and yields 

dKxiro n-lcuciui' [01^^+23-14^ 

^•Leucine has been obtained from the oxime 
of tri*iethyJ|>ynivie acid by 

reduction with zinc dust and r)0 pc. aedic acid 
or with alitmuiium amalgam in r»U p.e. alcoliol; 
it forms iiard laminar crystals that begin to 
sublime at 250', 'I'ho nap/ifhal- nosMl/iZ/ow?//deri¬ 
vative lias m.p. 2(HJ -liKi' -^thv nc!ii/^pho/iyl 

derivative lias m.ji. 22ti“; ami tlio nitmfr lias 
m.p. 151“ (Knooj) and Latulermann, /eitsrh. j 
jdivMol. (’hem. 1914. 89, 157). jM. A. W. 1 

LEUCITE. A voicanic mineral con.sistin* of j 
potasMiim aluminium silicate KAKSiO.,),, fouiur 
ns grey crystals with tlio external form of tbe 
cubic loositetrahedrou (211). ()])tical examina¬ 
tion of the crystals in thin sections shows them 
to lie birefringent and to consist of a conifilex I 
inU rgrowtli ot twin-lainellie. At a lom}ifrature j 
<jf 714" the mat.erial is ojitically isotrojuc ami ' 
truly cubic, and in the n'd-liol lavas it, no lioubt, 
grew as a culhc crystal. Sji.gi. 2 17; \l. 5.1. 
'I’hc mineral occurs alnindantlv as embedded 
crv.stals 111 the alkali iieh lavas of certain 
district r.// Vesuvius, K-oiiie, the Kifel, and 
the Leued-c Kills in Wyoming. Other localities 
are in Montana, Arluiiisa.s, Kra-zil, Sardinia, 
Ibihemia, 'rrebizond in Asia Minor, Kiliman)aro 
ill Africa, CajK* V'erde Islands, ,lava. Konioo, 
('elebe.s. New South Wales, Silieria. It is 
decomposed by hydrochlorie arid, and is readily 
atT('e.ted by weathering proeosse.s, (huituiniiig 
a consider*bl<‘ an^unt of potash (K^O, 21-5 p.c.), 
attempts lia\e been made to emjiloy tins mineral 
as a source of potassium salts ami ns a fertiliser. 
'I’he leucite-beanng rocks ot Wyoming coniani 
K.jO 7-99-11-OJ (average 10-74) p e.. wliieli is 
present partly in other minerals Itesides the 
leiieite, siieli as mica and orthoeluse (r. A. H. 
Schultz and W. (h-oss, Kotasli-beanng rocks of 
the Leueite Kills, Wyoming, Jiuil. I’.S. Oeol. 
Survey-, 1912, No. 512). .^review, with a full 
bibliography, of the many attempts that have 
been mndo toexlraet^iolaslifrom tlie lei!l( ite lavas 
of Italy IS given by If. S. Waslnngton, ISV‘tall 
Ohem. Kngin. ,fau. 15, I91H. L J. S. 

JiEUCOLINE. Svn. fur Quinoline. 

leucomaKnes J’tomaines. 
LEUCOPYRITE r. J.ollenoite, 

LEVANT SAPOTOXIN r. OLUeosiDK-s. 

LEVIGATION. Levigation is the mechanice.l 
process by which hard substances are reduced to 
u very fine powder by gnndinfflliem witn water. 
I'ho process is used primupally in the pre^tara- 
tion of ]ugmcn|,s/ On a small scale the sub- 
Rtaiieo IS grou/icl with a ‘ mullcr.' 1'hc muller 
is a piece of hard stone, convenient in shape 
an<l size to hold in the hand, and carefully flat¬ 
tened and jiolished on one side. 'I'lie pigment 
to be ground is mi.xod with water on a large 
square slab of .stone, jirefcrably marble, and 
then ground with the mullcr. I’he finest artists’ 
colours are ground in this way. On the large 
scale the pigment is first thoroughly mixed with 
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water in a pug-mill. It is then ground between 
millstones similar ,to those used for flour, 
or under edge runners. Sometimes tlie mill¬ 
stones arc replaced bv three horizontal granite 
rollers, between which the pigment is ground. 
A mill with stones 2 feet in diameter will grind 
15 cwt. of paint in 11 hours. 

LEVULIN r. l)ANI)KT,IOhi ttOOT. 

LEVULOSE, L^VULOSE?'. ('akhoiivdratks. 
For the specific rotation of hevulose, \’o.s- 
burgli, J. Ainer. (‘hem. Soe. 192U, 12, Ki9(;, 

LEVURARGYRE. 'J’rade iiniiie for a mercury 
compound of mielcoproteiii. 

LEVURETIN, LEVURINOSE r. Synth m<’ 

Diiuas. • • 

LIBAVIUS. FUMING LIQUOR OF, Slannic 
chloride Sn(’% (c. 'I’in). 

LICHENIN r. Ici^land mo.ss. art. (Jfm.s. 

LICHENS. .Many sjiecies have b('i^ em¬ 
ployed from tlie earliest tiim^^^lP^mmicine, 
dyeing, ami as fooilstutls (Menioire.s siir Tutillto 
ileshcheii.s, py KoJIniann, Amoreuxet Willemet, 
J Lyon, J7.S7). From about the year 1300 certain 
j sjiccies liave bcmi emjiloycd for the jiroduction 
of Ihe jmrpio dyixstutf ‘ arehir or ‘orchil,’ as 
they contain colourless }irinei]des, derivatives 
of on in, u'hic)i under th<^ mllm-nco of ammonia 
and atinospli(‘ric oxygen ymld the piirjile colour¬ 
ing matters known as (»i'eeiii (r. Arcuii.). Under 
tin- iinmc of Cnilllc or ('roktl, with various 
idesen|itive jirelixes, several species have been, 
ami .still are to a very Jmuted extent, directly 
ajiphed m tlyeing buif and brown colours on 
lionies|inn yarn in the Kighlamls of Scotland, 
Wales, ttc. 'I'lie dyestuti ajipcars to be ready 
formed iii the ])lanl and m obtained by sinijilo 
extraction, 'i’lie la'st known uro Parmehu 
Sa.KtUh.s or Hhck Crollle, ami P. oniphalodxK, 
while others are J\ aijicrdUi, or Sf<mc ('roUlr, 
i P. ceniidjtlii/lln or (k'ottl(\ 1‘. pan'cTina, ami 
I a few species ol Stirla, (Lspi-ciall^ »S'. pvhiioiiaria 
or llu'tl CiofKr. Tliese lichens *un(h'rgo no 
pn'paratnni, being gathered in July or August, 
when tfiey are ricliesl in eohmniig matter, and 
.simply dried in llie siin. 'I'liey dye without 
addition to tin* bath and do not form lakes. 
Fine sliades of brown arc obtained, fast to flcids 
and alkalis, but- le.ss fast, to liglit. than a mixture 
of .VIelaehiome lirown ll, and Melaelirome 
Orange 3Jt (Edge, J. Soc. I>yers and Col, 1914, 
30, 180). 'J’liose lichens,^ c.y. Iceland moss 
{Vetrana ishtudica, Ach.), whu^i serve as food- 
stulTs, contain a stareb-hke substance termed ff- 
die III a, which is capable of con version into glucose. 

Our earlier chemical knowledge of the con¬ 
stituents olf many of these lichei^ is nminly 
due to the work of Knop, Ilochleder, HeJdt, 
Schunek, *Sehmidt, Stenhouse, Stenhousc and 
droves, and IVeppen, whereas for the later very 
numerous investigutions we (jre chiefly indebted 
j to tbe chemists Oswald Hesse and Wilhelm 
Zopf. As a result,m very large nurnher of new 
eonqioumls have b<*en isolated and dcscrilied, 
the constitutions of which in most cases, 
however, are as yet undecided. On the other 
hand, considisyahle advance has Wn made a? 
re^^ards the exact structure of some of tlie more 
I common constituents, viz. atranorin (atranoric 
acid), barbati 9 acid, evernio acid, erythrin 
(erytiiri^. acid), Iccanoric acid, and ramalic acid, 
and the choiflistry of these substances is dealt 
! with under their special headings. 
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As the work <>f Hesse (H.) is mainly to be 
found in the d(*nrnal fur T;>raktische Ohemie, 
and that of Zopf (Z.) in the Annalen, to avoid 
fre(jtietit repetition the year only of the papers 
published in the journals is noted below. For 
lurther details, m' Hesse, .1. ])r. Chem. 1011, 
lii.j 83, 22. 

Tnirhylia figilhns (Fr.) {Acohum tigilhrr : 
Ouliciam iiqdlnrr, ('yphphum ftgAlurr), rhizo- 
earpio acid (II.), m.p. and 

acoli«‘ uchi (11. l(iod). 

Acoroipora c/dornp/ioj/f#, rhizo^arpio ncid.ple- 
o.sidic acid ('j-iLsO,, ni.|) (Z. 1!H>3). 

Alxhnxt 7////<A K.'. \yl. (./. zcoriii, 

(«alnziriM“ 5c)dr(Z ISDN), j usiuc acul 

and Imrbalic acid (Z 1800). J. 
mrmcHUmi, usiiic acal (Z. ]0(»(»). ■{ julxih/, var. 

implom, Hala'oriic acid, aIcc|orn' iici<l 
m.p. d. (iiliciihiUi, r/-uK'nc acid, uMianc 

acid ,’U ]i. 210 ’ 200 ’. A. (a/inrr/ //w,s, 

d-usnicarnl. usnaric acid {fl. (002). A miph rc, 
atraiioriii (H. looi!) 

Ampfi/rlii'i cthnn'i^ atranoi-ic acid (atiu- j 
noriu). /(. ,\ih'i'iosa, afranoriii, /conn 
(Z. 180.1-1807). 

.1 f(ilrnrcii. eiylhric acid, o\ali(? acid, 

aspiciliu, m.p. 17H..V' (|j. 1000). A. cikarea, 
var fiirinovt, eiythrin, erytlnilol (11 101.1), 

A. qihhoto, nsjiictlic acid in p I.IO'^ (II 1001) 

J{ai<nni/ii^‘ niuiis, .ui a''ul. in.]). ISO" (H. 
1808) 

Hiftlnrn lun<hi, rhi/ocarj)ic acid 
atranoi’in (Z. 1807; 11 1007); no nsnu' acul (< p. 
Knop, 1813). /(. flirtusic acid (Z. 1005). 

fi. LigJilffit>liiJ-\innu‘ acnl (Z 1000). li.fjrandu- 
loso, tryropjiotic ac i.l (Z. IWK,). 

Bktdcnia iDiitnrm {f 'nIlojti.'^iiKf i rqf/iroan 
phytosterol, lilustcrin, m p. 170'’ dl IS!«8) 
a. aremiria, atrnnoiiii, iiyrojihoric acid (‘,^1 lj.,(), 
(H. 1808). B.-fi(nifcn»(i7inur,])i\rH'i\]]l'A lOOd) 

(Utbp'iHUi rrysfit'i plitihi'in, vulpic jo iil (11. 
1808; Z. 1805). (\ {'hlomnun or chlorcUmn, 
vnljiic qj:-id (Z. 180.5); pulvie acid and traces of 
leprarin (Kassner, Arch. Pharhi. 230, 

44; 11. JOOO). <\jl'inthi, chrysocetrnric acid 
(Ih 1000). (' Sirnhiiinniari, calvcin 

(\,Hi,(),(Z. isor,). 

('filhpt.mia Jl<n'0i'irr.<-cn>.s, chry.soplmnie acid, 
physcion (11. 1002). rllcUivjim, 

calyein (Z. 180.5); calloi'ismic acid and mannitol 
(Z. J807). < 

^ Uhizoanpou oil-ih'i, A. Zaldlir. {('olocarpn.<i 
orf^iir,<), rluzocarpic acid peorounc 

(parellic) add (Z. H*05)' 


Kohonostearic acid C30H34O5, diliohoifofiteario 
acid CajHjiftOjo, and cetraric acid ('3,^20^12 
(H. 1898) contains no cetraric acid as such, it 
being formed during extraction, t’arbohydrates 
arc lichenin, d-hchenidin and lichenoin (H. 1016). 

(J. nivnhs, usnic acid (Z. 1904); f-usnic acid, 
iiivalic acid {'.fllJjnHe; lichenin and Michenidm 
(’^Jlo.jOjj (H lOfo). (’..v/appmprololiehesteric 
acid (Z. 1001), ])roto-a-hchestcric acid, di- 
hclicBtcrtc acid, cornicularm and sluppeaic 
add (\i,H.3e04 (H. 1911). C. acukuia or 
dornkiiUirKf acukata, protoliche.steric acid (Z. 
1004); iichi'nin and iicbemc (fumaric) acid, 

' acaiilhcHm 13,05. ni.j). 188° (H. 1911). C. 
puiiiA/t, jiiiiastric acid 11,^0., (Z. 180.5) (\ 

ifhuivii (ld<ilifsni<i (ihurinn), liidieniii (Kerzdius). 

('.j/5//vaa.cliiysocctraricaci<l CjpHj^Oj, nsnic 
and \iilpic acid.s (II. 1808). ('. pniaAn, chry.so- 

octraric. ii.snii' and vidpic acids {H. 1808; 
Z. ISOO) /’c/A/inn as/,', ictraiir acid (Z. 1808). 

' (lunn cn/wn/o/, caliojiisniic acid or etliyJ- 

])nl\ic acid ('20^^18*^;.' dipulvic acid ('.jHov’Oj, 
(Z.); calycin. and stictaurin ('isHiaHi, (H. : 

Z l.SOO). Accortling to Hc8.se, 1808, dipulvic 
acid j.s a ini.\turc oi calyidn and jmlvic anhy¬ 
dride. d. Tiklhiia, stictiuirin (Z. 1800), calyuu 
and imlvic aidiydndo (Z. 1800). 

dlathm •v/Z/v/Z/m, iisnic aci<l and cetraric acid 
(Z. 1808). ( \ ulpi dus, n.Hiiic acid (Z. 1808). d. 

S rauqtJcrDiii, cctiaiic acid and atranorjii (Z 1808) 
'and usiiic a<id (li. Ih08). d p/zui'/n/n, parella- 
acid {If. 1808). (J. cocr/faa, coc(“lli<: acid (122^N 
(F. JK08). awc/nZ/s, d-usnic and tluinmolic 
acid.8 (Z. 1002). 

('hidonia auuiuruaiua, usnic mid (Z. 1808). 

('. alcirorni.s, unidc acid (H. 1002). (/. dc/ermi.s', 

usnic acid (Z. 1000). ajauipcs, ubnic acid 
(Z 1000). Flacr/cca/irt, cocellic and lhamnohe 
acid.s (H. 1000). <\ rafi-jifonnh, atranorni, 

rangiformic acid C2o*43nH5'6Me (11. ,>808). 
KucnuUd (no n.sinc acid, .sec' Knop, Annalen, 
1844, 49, 120); but uncinatic acid t'23ll280j 
(Tl. ISOO). (/ dedncUi {0. unHaltH), usnic acid 
and .stare.h (Knop, Annalen, 40, JIO); f-usnic 
acid (Salkowski, Annalen, 1001, 319, 391); 
/-usnic acid, clade.stiu (m.p. 242*‘-245°), squa- 
matic acid, destntie acid, dcstrictasic acid, and 
cladcstic acid (IJ. 1911). C. iiicrassaia, 

/•usnic acid (.S.). C glaum, squaniatic acid (Z. 
1902). C\ is(/p;M//k4, Ibanmolic acid and stropailLn 
(Z. 1003).‘C.///aw7mZi5,thare.nolicacidC2oHi80jj, 
and strepsilin. dcAricln, /-usnic acid (Z. 

1 003); /-usnic and squamatic acids and cladcstin 
(11. 1004). 7nacilruin, usnic acid and starch 


ddmria curtillata (Plaft/.wia qnndhturn), [Knap, l.c.); rhizonic acid (Z. 1903); coccellio 


protohehesUrie acid ('igHgoO^ (Z 1002). (’. 
chlorphylla, protoliihc.stcric acid and atranoiin 
(Z. 10t>2). (/. complkata, protocetraric acid 
/-usnic acid, and atranorin. 

6'c7mr/f/ ishuuiica contains starch not de- •s‘/?//^/ra'^fuinaroprotooetraric acid and fimbriatic 
posited in pranuloH, but uniformly distributed acid (Z. 1907). C^Jimbriata, var cornuto-radiata, 
among the colls (lichenin). *’The lichenin, which fumaroprotocctraric acid (Z. 1907); 


acid, tliamiiolic acid, rhodocladonic acid (H. 
1915). -nqiannosa, var. ventricosa, squamatic 
acid (Z. 1004). C. ■•i(pia7nosa, var. deniicolhs, 
{^juamatic acid (Z. 1907). C\ fimbriata, var. 
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cladonin C,oH„0, (H. 1916). C. eoDdfertt-, VMkaria ptidulata (Hoflm.) (Gyrophora 
coccUic acid OjjH.jO, (H. 189.’>). C.incramala, pwhdata), gyrophijrio acid C,,H„0„ (Stcn- 
i*uanic acid (Z. 190.6). (7. usiiio acid nousc, Annaien, 70, 218) (K). a. 

(Rocliloder and Heldt, Annalen, 48, 2); liohenin hirstUa, gyxophorio aoid (Z. 1808). 0. dnyifa, 
(Sclimidt, tf/id. 51, 29) clatlonic acid (^-usnic gyrophono acid (Z. 1898). (/. poli/phyWi, 

acid) (SteuhoUHC, if>id. 155, 58); umbUicario, acid (Z. 1898); umbih- 

acid (no /-usiiic) and silvatio aciil ^ cario a^dd and gyroplioric acid (H. 1898, 1901). 
COuMo-OinHa^OjCOOH (H. 1907); alranoriii ' ^7. lujprrhorm, umbilicaric acid (Z. 1898). ^i'. 
and"fumaropr<>tocetraricaci<l {Z. HHX)). d.ratHji- dciuituy uinbihcuric acid (Z. 1898). 0. irlleu, 

Ji'iim;\nv, v/d<pui.'^, alianorin and prutocetrarn! 1 gyroplionc' acid and gyroplinnn. in.p. 189 
aci.i (II. 1898). ran'pjfrinuy var. 8ihotica.\ (Z. J899). G, ^podovhnM, var. dcprvfim, gyro- 
d-\i^n\f- acid (Z. 1900); Uhinc ajid prcitocetrarie ! phone acid (Z. 1900). 0. pohjrrlnzn, umbilicaric 
acidw (U. ||898). C, U nansy fumarprotocctranc ! aedd, Icoanoriu acid, gyrophono acid (Z. 1905), 
acid and d-uanic acid (H 1915). ('. purulata, ', Haimalontm<i. vciito.fum^ divavu-aUc acid 

licbcmn (Schmidl, Annalen, 51, 29); omiilHin , 1898); ^d-iumic acid, 

(Henssey, .T. I’hann. Cliini. 1898,1 vi. [ 7. 577). ' ilivaricatic acid, and an acid Resembling alcctonc 

Conitculiina ant/uz/a,* ran'gilorniio acid (11. add (II. 1900). II. rorcincum, vox. kiphitiuwii, 
1902). (-'. (ic'dvufti, var. .siuppen, ceriiiculann j leijdizcnnn, m.]). atranorm, Z(‘onn (/. 

(;.dli 4 d^ (H. 1015) C a iduda.vAi. arrtnf/icUa,^ IW2). II. etxriiinun, var. nhorUvum, coocni 
diV.iaimitu! (II. 1915). ^ ; acaU 

ChiodccUm santjuiiK um {C. j'ihroi‘iii(fitni)„\ lia'iiiatt-oimn nr Tn.p. 1*1*1°- 

cliiodcclouic acj(K',,,H,JIT, and hsematomnudin, m.p. Jy4°-19b° 
('f/p/itliiu/i (m'ltxtlt, var {'uuddura, c;ilycin ' (Z. 1902); no/-(“orin (H, 1907). JJ. (‘occincuvit 
(Z. 1900). var. (.'), Iccanonc acid (Jl. 1907). H. rovcinr.uin, 

Darhidnrdlit grardluiia, pardlK- acid (II. var. (?) (Iioin Wildbad), coccic acid, atranonn^, 
1S9S). /cinin, bydrobadiiatoinmin m.p. 101° 

Jh/idograpltn huioiijifii^ ])roto<'ftraric acid (H. 1900). IL an Liiicunt; i-nainc acid, zcorin, 
(H. IK 9 S) ; oivtlinn and «>rcinf)l (Uuncciay, , atrnnonn, ihh pbyiilliir acid, hymcmudiodm, and 
Ball. Soc. dniii.’ 190-1. [m ] 21, 1097). Ieipli;i’tinn (Z. 1900). II. Uipliannum., atranorm, 

J)nn<huii(i ontnx, zcoini jind iisiiic and zcmin, Iciplncniiii, lciphu?nii<! acid 
(Z. J897) m p. 114 -115' (Z. 1902). //. poiphi/rmm, 

Idploicia aiiir.-^rnis i(\itolirktn amc.sccn^), atranoun, zeoiin, poijihyrilic a<dil, lophieinin, 
iliplotcm, m.p. 225’, i-.Uolcchni, m ]). 2l4°-2l.i^ li^menorhodin (Z 190{>). 

and alviinnrin (Z. 1904). ^ Pa-hisana dmlbuta. Nyi- f- corallinu, (Iromb. 

JJiploschi.'.lt.'i .vfraposv/, dijdoscliistcssu' acn\ . {I^idinin coralliniiiii) (‘wliiie croUlo’), calcium 
(Z. I90()). ! oxalate (Braconiiot, Ann.»(Jhim. Phys. [ii.J 28, 

hndaarpvH mintidum. (a) indtjarc., phyto- , 219). 
sloml and an acid (II. 1898). i Uaniwa aim, alranorio acid (atranorin) 

(livnncatic acid (11. 19o0) | Cu,lli.,0^, and a yellow cry.stallino substance 
('„jK 2 ,, 0 -^ind usiucacid(Z. J897); no usiiic acid (Paleriid and Ogbiilaro, (lazz. chim. iftil. 1877, 
(H.19II). y#/Mracce, lisniii acul (Jtochlcdor ' 7). Kessi! (Her. JO, 1224)* con.sidcTs the 
and Heldt, Annalen, 4S, 9); no usiiic acid, atranorio acid to he fiydmcavhonusliio acid, and 
hut orytlnic acid (Z. 1897), or rather oliiictoric ! the yellow suhsluncc to Ize eJadonic acid, 
itcid t'jjlIifiOs (Z. 1900), pliysodic mad, phyho- ' Ohlaiiiftd from certain districts it contains 
dylic ucid ;uhJ fiircvcrninic acid ‘ locanorol (Z. 1897) {(j 7 HaoOj„llaO. L. vana, 

(il. BKH); a^aiionn, e.vcrnunc acid Co^jHoiOs. ! psoromic aci<l and ^-u,sni(? acid (Z. 1905). L. 
and fuiovermc acid, hut no iTythric or olive- \tjrumo8<t, attainnin and IiM'anorol (Z. 1897). L. 
toric acids (H. 1900)); fsinulsin (H»'iiissey, J. jceaiAca, atranorm and roccellic acid 
Pharm, (’him. 1898, [v.J 7, 577). E. pinwLdii, I {vp. Scliunck and Hesse, lioccdla iinclorta). L. 
evernie acid, alranoiin (Z.^897); e.vernic acid, i z>’orc/i(/o, atranorin, zeoric acid (Z. 1897). L, 
iiHnio acid, and atainorin, and chrysocctranc j sordtda, var. qlanaynm, ay'anfirm and parellio 
acid (H. Annalen, 1895) CioHj/lfl: atranorin aeid (11. 1898). L. soidida, var. Swartzii, 
and evernic acid when grown on birch, fimes, | atranorin, thiojihanie aeul m.^. 

beocli, sandstone; nsnic acid in addition when [242°, roci'cllic acid, Iccastoric acid C 10 H 2 OO 4 , 
on oak (IT. 1915). E. th(mn/)de8, divaricatic ; m.p. 110°, and leeasterido m.p. 105° 

acid, usnic acid (Z. 1897; H. 190(t). 1C. vvlpim, \ {i\. 1898).* L. cumpestm, atranorin (Z. 1897). 
vulpic acid and atranorin (H.). E. dlyma (J)al- - L. badta, stereocaulic acid (Z. 1897). E. ejJuHU, 
matia), divaricatic acid and atranorm (Z. 1904). I atianonn and usiiic acid (Z. 1897). E. aubfusca, 
E. ochroleuca, usnic acid (Knop, Annalen, 49, [atranorin (Z. 1897 ; H. 1900). E. epanora, 
122). i zeunn and lepanonn, m.p. 1||JH°-122° (Z. 1900). 

Everniopfiiti Trulla, salaziiftc acid afid atra- { E. (jlancoma {L. sordtaa a-glanroina.) (from Tyrop, 
norin (Z. 1897). j atiWinn, thiophamc add, roccellic acid (Z. 

C/flwparn/mi {Phyacia mc<^t«?i-^) ; 1902). E. svlphmra, iisnio acid (Z. 1903). 
oalycin, rhizocarpic acid (II. . 1898); pulvic I E. ptmlla (‘ light crottk* ’), parclli<; acid, lecanorio 
lactone (H. 1902). Q. sytnpagm, parictm (Z. i acid (Schunck, Annalen, 54, 257, 274; 41,161). 
1906). (/. clegam {Vhyficxa dcqmis), physciun [ X pirtarca {\Ai.\w.) {Vatdlmia tartarea, Farmdia 

(H. 1898). a. murorum, physcion (H. 1898). taflarm), erythric aenf; synonymous with Nees. 

phy.Hcioii (H. 1898). G. c%rrhochroa, v. p^scnbeck’s ‘remarkable resm ’ (Brandee’ 
chrysophanio acid (Z. 1897). Archiv. Ajioth. 1«. 135), witli Heeren’s orythrin, 

wnpfa. salazinic acid (B. 1900). and witli Kane’s erythrilin (Schweigger’s, J., 
GyalokcJrid awella, cnlycm (Z. 189.5), callo- Ch. Thys. 59, 313). Schunck found crustacoous 
pismic acid (Z. 1897), stictaurm (Z. 1899). lichens belonging to Eecanora, &c., collected 
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on the basalt rocks of the Vogelsl)erg in Upper 
Hossia to contain lecanoric^and crythric acids 
(Annalen, 41,157). In a specimen from Norway, 
Stenhouso {ibid. 70, 218) found gyrophoric acid. 
L. venloMa, usnic acid (Knops, ibid. 4U, 122). 

Bhizocnrpon fjc/H/rapkiam, 1)], {hcidm (jeo- 
graphica) u.snio acid (Knop, /.<•.). Lcridea Candida 
{Psora Candida), calcium oxalate (Hraconnot, 
Ann. Oiim. Phys. [ii.] 2S, ;U0). L. cimroatra, 
leoidic ncid m.j>. 147"’, and 

Iccidol, m.p. IKl" (H. L, siuktlva, sala- 

zinic arid (Z. 1H1M»). L. ronjlunis, (Hintluctin, 
m.p. 147*^-148'^ (Z. JHIM)). L. gnsdla, ;:yr()j)}i()rif 
acid (li. J!M)0). L. agla-oh i/f {L nnncnuad.vuv. 
lutescen-s), ro<yelJjc and ccfraiic acids (Z l!K>4). 

Leprana (alcbmrnm, JejiDirin, in ]> I V>'’, 
rocccllic acid (Z. IH!)7), and alranonn (Z ; 

(/-usnic, liydrorocccllii, Icpniiic, and talrhr.iu 
acids20H ) and atr.inonn ((I. JlMKl). L. 
jiavai^kiyxr,.*. ’wnastiic acid, calyciariri (Z. J'lO.')) 
Jj. xaiitfmui (Onm V’orailhcrc), ]>Ji\',«cion (11. 
10(H)). L, laldmirinn ( Hadim-iladcn). alranonn, 
Icprarmic acid, oxyrocccllic iind, and i)col*raic 
acid (II. lOO(I). ]j. c<ni(li(nn-<, cal\<'in (Z. I'HHi). 
Jj. chl<))iu/i, calycni (Z. ISO.')). 

Lrpm caridclnns [Liprariu flava), c ilvcin 

m.p. 24(l“-242'’ ( 11 . I8!)8). ' 

Lcimnuhu iwpo/iV« ( Itl/imnn priiiiiosii), Icca- j 
none acid, leprantlun <'I ,o‘^o• '"d‘- 
Jeprantliaii; acid (Zoll,„b., m i) [|i |ij' 
(Z. I<M) 4 ). * ' ' 

Mt/cobhisfn.’t .'idtigiiiiifuins, caperatic aeid and 
atrariorin (Z. 180!>). 

Mcnrijazzui pcrlnsi: {Paii/i(li<i /•olii-'in), alia- 
norin and Jarinuei<‘ aind (eaj>ranc and ]>VM)dic 
acids absent) (II. 1!K)7). 

Nephroma arclicum, /.coim. nejihnn, and 
d-usnio i^eid (Z. 1!>00). .\. antarr/irum, zeorin 

and rf-UHiuoaeid/Z. JOOO). N. panic, zeonnanil 
mannitol (Z". 1{M)0). N. jc-'^iipiiialum, mannitol 
(Z. lOOO). N. la'vii/afum, mannitol (Z. 1000). 
Nvphromuim Ucrigahim. n.snic aeid and 
nophriii m.]). lOS^ (li. lsi)8). N. 

lomnirntnsum, usme aeid and ncjitiiiii (H. 1808). 
N. lusilnvtcam, iie})lirin and m‘plnoin)n(),»ll,,.(t„ 
m.p. 100^ (H. 1808). “ 

OchroUchui andrcxjifim [Lcninora suhinrUircn), 
gyroplionc aeid and ealyeiann (Z. 1005). (>, 
IMllc-icvin, var. parcUa (from Auvergne), parellie 
acid and oeliroWliiasie acid ’I'd*- 282"’ 

(K. loot)): but no lecanonc acid (.vi- Schuiick, 
Annalen, 1845, .54, 274) (Z. 1808). (K tartarca, 
gyrophoric acid (Z. 1808). 

Pnnnana^ lanngiMnn, liydrox^ToCi eilie acid 
(Ijbl.iaUs, m.]). 128"', and ])annaii<: acid ('ulf.O., 
m.p. 224"(H. JlHIl). ‘ 

Parmcha nlrnrttics, niranorm (Z. 1807). P. 
filwcea, atranorin apd })armelialic acid, m.j), 105'" 
(Z. 1807}: the latter is m reality lecanonc acid 
(H. 1808 and HMK)). J\ pcxhiiu, atranorin and 
liatmatommie aeid (Z. 1807); Uhiiie acid, lecn-i 
noric aeid, and ])crlatm (H. 10(M>); imhnearie j 
acid (Z. 1902): no lecanora- acid (H. 100U);| 
atranorin and perlalic acid C’ 3 ;lU-Ot,-()jMc, 2 Jl ,0 ; 
(H. 1904). P. pirlafa from ceil am sources: 
{a) atranorin, (b) atranorin, u.snie, and vulpic 
acids, (r) atranorin and lecanonc acid, ((/) 
atranorin and jiorlatin CijH,/) 5 (OMe), (U. 
1898). P, saxfUilis, sU^iDocauhe acid and’ sala- 
zinic acid. Latter cliief dyeing constituent 


I (Ryan and O'Riordan, Proe. Roy. Irish Acad 
{ 1917, 33, 911). P. saxalUis, var. sulcata, atra* 
j norin and stcreocaulic acid (Z. 1897); protoce* 
} traric aeid only (IP J900), not protocetraric but 
, pannatic acid (H. 1904); usnio acid (Schmidt, 
i Annalen, 51, 20). P. sa^ntiUs, var. pannijormis, 
' atranorin, protocetraric acid, and iisnetic acid 
(not (’gHub,), m.}). 192"' (H. 1000). 

, P. saxatilis rcimuja, atranorin, protocetraric 
aeid, and .saxatic acid in.j). 115"“ 

: (H. 1003), ))armatic ae’tl and not protocetraric 
aeid (If 101(1). P. phyxfxks (or P. ccralophylln, 
I var. li/iy.sodi 8) i.s knoiMi <‘is ‘ dark crotbe,’ ami is 
I onijiloyed for dyeing a lirown colour on home- 
s|iun woollen yarn. Contains ])Iiysodin and 
; 1 wo colomle.ss MiOslances {(lerding, Prandes, 
Arch. J*haim jif.] 87, I), ceratojiliyllm (11. 
Annalen, ilO, 3i>5), iitninoun, pliysodalie ueid, 

; ami pliysodalin (Z. ISO" and J8!tS): evernnne 
, acj(i, pliysodylic acid, cajuaiie a<’id, and atra* 

■ norm (II. J!l07). J*. pnr>diiia, elirysojihanio 
I acid (Koehleder and Heldt, 48, 12); identical 
; Willi '(’homson’s (Ldin. Neiv. Hid Jour. 37, 187), 
panetm. also (H. 180.5) jihv.sejori CbHisOe, 
jjiiisu.uim f'jyllj.Oj, ni.p. 143’, and jdivsojol 
^ !'• 107". A variety of V. juirirtina 

growing on .'^.uul.sfnne rock and not on tree.s 
like that of Itochleiler and Jleldl, contained 
\ tiljnc m id (elirvsopiciiii) Stem (J. jir. (3iem. [i.) 
03. .300). 7’. iaymaia crnttlc'), cnin]''m 

(H<■rl.^sey, .1. Pliaim. jvi. I 7, 577); ca]iraiic aeid 
J)y(('()()H)_,. ni.)4. 240nsim; iieid, 

ciiiioraLic acid (3)t)Me,(;,ylf ^ ,lni.]). 
i:{2 . ami enpenn m.p. 243“" (H. 

1K08), d-usnjc acid (K. lOOO), specimens from 
oaks eoiitam (..ijiiain and cajieiidin m addition 
(II 1015|. /’. (npnatu hoin ('a.sianca vc^ca, 
iismc, (ajiMiic ami <aporutie acals (II. 1004). 
7‘. coiiKpo-sa, usiiir- acal, /conn, ami atranorin 
(Z. 1808), Uhtiic aci<l ami ^alazmic acid (If. 
1808); J-usme acid and • ituisjarsaic ucul, 
m.p. 252' (II. 1003). P antahirjfim, atni- 

mniii «{Z. 1808); ali’anoiin and salazimc acid 
(II. 1001), 7’. cjY/c.s(Ta,s, /.conn and atranorin 

(Z. 1808). 7^ pcrlalti, vai. nK8cais, atranorin 

(Z. 18!>H}. 7*. Nilyltcrrcnsi.c, atranorin (Z. 1808). 

7’. pnjorata, zcorm ami atr.inorm (Z. J80S); 
lecanonc acid (11. 10(K)). P. ohrcforiim, atra- 
liorm (Z. 1808); li'canoric acid, hut no erythne 
acid (H. loot)); oli^etorn- acid < 127 I 1340 h. m.p. 
I4l"’-142 , (Z. 1002); aVan‘>fin, olivetorin, 

m ]). 143®, and olivcturie acid (.bHggO. (H. 
1003). J\ pvrlu-8a, pliy.sodalic acii (Z. 1808). 
P. fitlif/uhtni, atranorin and lecanoric acid (H. 
1808). 7’. fuliijuiosii, var. Jm-ngivasccns, leca- 

iioru; acid (Z. 1800). P. pulmrulcnia, unknown 
acid (H. JH!>8). ]\ nlian-s, overmnic acid and 
atranorin (?) (H. 1808) P. omphalodes {P. 
nyrahlis, var. ompludades). Under tho name of 
‘ black crottlo ’ this lichen is employed for 
dyeing brown Colour in tho outer Hebrides 
(Lewis and Harris): contains filcroocaulic acid 
(Z. 18510), atranorin, u.snetios^acid, parmatic 
acid and (Knop’s) lobanc aci^(?) (H. 1910).' 
P. tiliacea, var. scorka, lecanoric acid (Z. 1899). 
P. vcrnicuhfera, lecanoric acid (Z. 18119). P. 
glomdhfcrn, gloinellifcrm, m.p. i43''-]44® (Z. 
1899 and 1002). P. nicurva, usnic acid (Z. 
lOtKl). P. liorreri, lecanoric acid (Z. 1900). 
P. sorediuta, diffusm (Z. IIHX)); lecanoric acid 
(H. 1900). P. linetorujn, atranorin (II. 1900). 
P. hnclorum (E. Africa), atranorin and lecanoric 
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acid {H. lOOC). P. tinciorum (Madras cinchona , 
bark), atranorin and lecanoric aoid (H. 1904). j 
P. glabra, lecanoric acid (H. 1902). P. hear- \ 
mnnin, imbricaric acid (Z. 1002). P, sinuosa, ‘ 
d*usnio and usnaric acidy (Z. 1902). | 

Parmelia atrala (Java cinchona bark), \ 
cctrataic acid m.p. ITH'-ISO® (II. • 

1903). P. oUiwm, olivcacein ('j.TljgOg'HjO, ■ 
rap 160'^, and olivcaceic acid 
in p. 138" (H. 1903). P. nvolnta, atraiutrin and 
gyrophoric acid (Z. 1W5). J\ pilu.'-rllti, iitia* i 
noriif and pihisellic acid, ni.p. 2‘15'' (Z. lOOfi). 

P rf-usnicacid (H. 1900). 

Pillirjcrii ])cltigcrin {<'1' 

('t^lfj^Oj), m.p. 170' 180^", and iiuininlul (Z. . 
1909). P. ninldfea, iieltigcrm, /conn, and 
mannitol (Z. 1909). i.-:<)nhfh<, })«‘lligcviii, 

zeorin, and mannitul (Z. 1909). P. pdifdiK hfla, ' 
pcltigci’in mannitol, ]H'l}<la<'tylin, in.]). 17H - 
JSO ’, and jielt.idactylm. m p. 237‘ -2-10 J\ 
(’cao^a, peltigoriu. P. .sfiihiosa, ]tcliigorn* i*. 
liroiKOinUJaa, pcUiL'cnn and /conn. i\ l<]n(h)- 
phnra, ]icltigi‘nn. ]\ }>rarirjhif<i, manmtnl. }\ 
riifr^ir.ns, mannitol. P. niunnitul. P. 

vamuK, canimn (Z. 1909): cmiilsin (Il('•^lss(y, 
Pharm. Chnn. |\i 17. 577) 

Pcrtusaiia hclicns on hciH.h contam pirio- 
lichenin ami .sahr/Ciinc juid. on oak (ontains 
no picrolRliciiiri (It. 1910). /V/O/vom rnmnn 
( P. coninnnu.'i j^-ranohisa, ]'<ii lohnid iniidia), 
emnlHin (Hori'^sev, l.r.) . cctraric acid, jjciUi.suiH- 
acid m.p. loir, iicitusarm 

m.]). 23.7'. jicrtu.^aicnc ('oHioo’ P- 
])crtu.savidin (II. 1898); sniazmu; acid and picro- 
lichenin (Z. i 1 H) 0 ); oibicnlatic acid ('o.^ll •; (H • 
1901). P. Idi'tra, ]cc,anoin' amd and \anolaijc 
acid, m.j). 285 {Z. 1902) P. ladrd (^tcnle 
AuviTgne), Iccanoric ai irl and ochri'h'cliiasic acid 
(11. 1900). J\ con-dliiid (/‘. orclldta B-cordllnic). 
oci'llatic acid m P- -1’^' (*L 

1901). V (]'. romini(7ii-s ft-anohitd), 

arcolalin OMc, m.ji. 270", aroolin, m.]). 

213', and gyrophonc acul ('iollj,t >7 (Ik 19(t3). 
P. qhnif.nitd (Wiidliad), ])onn 
m.p. Itur, and pormic acid 2 |(,H ,., 04 |,H 
m.p. 218" (Ik 1903) P. W diP',,.,, {I\ Huljnrvd, 
P. f-i'lphunlld, P. fdlld.i), (hio])liamc acid (Z. 
loot). P. (hio])liaiiic acid (Z. 190-1).; 

P. oi Jldta iidjiolo'a. atranorin ajnl giyoplionc 
acidOgjirajOj^dl. I9I0)* 

Pldcodtum </i/ 2 ^acnon, s([naniark acid and 
usnic acid (Z. 1898); parcllic acid, but no usnic 
acid (ll. ltK)l). J\ chrg'^olcilcdtn, u.siMc acid' 
(Z. 1898), /'. sa.riroluni, var. inhjdrc, usnic 

acid ami zeorin (Patornb, Atti. R. Accad. 
Liiicci, 1870, [ 11 .| 3); zeorin, but 110 atranorin 
(ir 1898), d-usnu: acid (11. I9(j0). P. .<axi- 
colum, var. coinpnrfuw, atranorin (H. 1901). 
P. 7ndiiniisj)i.<, atranorin (Z. 1898). P. Lag(i6C(i, 
pHoromic and u-jnic acids (Z. 1897).. 

Placodium crn‘tsu7}i, atkanorm l^racc), I- 
iiHnic acid (H. ltK)J), P. ctrcuiatum {a)radioisim, 
salazinic acidj^, 1902). 

Physcia cfharis, eniiilsin (H<^ri 8 .sey, J Pharm. 
(Uiim. [yi.] 7, ,577). P. ni/lococctna, zeorin and 
atranorin (Z. 1895), rhodophysein and cndococcin 
(Z. 1005). P. aiesid, zeorin and atranorin (Z. 
1895); atranorin and zcoriii (H. 1902). P. 
stellfiris, f. ad^o'ndeii^, atranorin (Z. 1895). P. 
parutiwi, atranorin and placodin, m.]) 245° 
(H. 1899). P. parienia, physcione (frangula- 
emodin mono methyl ether (Ryan and O’Hior- 


dan, le.). P. wcdmiw, vulpio acid and calycin 
(Z. 1895), calycin lyid callopismic acid (Z. 1897) 

P. pulverulenta, var. ^-pityrea, atranorin (Z. 1895) 

Phyacia Undla, atranorin (Z. 1895). J\ 
a{]>oha, atranorin (Z 1895). 

Cdraria glnuca {Plalymu {iJditcuni) atranorin 
^nd eapcratic acid (Z. 1899). ('drarin rMcaUata 
{P. cvcfdlolum), lichenostearic acid and ukiiic 
acid (Z. 1899). P. df/y<isHm, diffusin, ni.]>. 
135 ' 130", and usnic neid (Z. 1899). 

Plfojisidivm clihirophdnnm, rln/oearpie aci<l 
(Z. 1895). 

Psi luh i'trnid criedormn, atranorin, ]ih\so- 
dalin (Z. 1905) ]\ (jliiriornui {Kv* rjud furjur- 

dcia, \ar. divclorhia), atramain^nd olivctoric 
acid (II, 1911); olivoric acid 
ai>o-o!iv(.ric acnl (U. 1910). 

P,-,oi(i <K\tf(dl(i. lecanoric acid (Z. 1899). 

Pnlvurand r/ilointd, <^11)^111, vnlpic amd, and 
Icjirarit acid, m.p 228 '(H. ]HUjjl^d^-:l(ilivrdruiti, 
atuinonn, ])aiclhc acu I, iatenndc, m.p. 12H°, 

1 and pulvenn. m ]>. 202' (11. 1H9H). J*. j'anao.'^fi, 

oxvroeccllic acul, and ])ulvcrarie acid, m.p. 234" 
(11. 1898). 

]^i/cno//i<Ud {(’Jadoiua) papilJnrid, var. rmdan- 
formtx, atranorin, chulomn and proto-a-hche- 
steal le acid {II. 15)15). 

Pdiihw^fxiid Ildi<)rnr\<‘t7/s, rliizocuipie aeid 
(Z 1K95). 

Hdniiihiid cdhairi.-^', \ar. f<tf>ligidid, contaiiiB 
larg(‘ {plantdies of stiircli (lielieimi) ami a small 
‘ (piaiitity ot .sa< <di:ine aeid (Beizelms, Seherer’s 
Ann.ilcn, 3, 97). iisnic acid (Hochleilcr and 
lleUlt, ihid. 48, 9). P. cdltai)i.'<, viiv. jraxiucd, 
' Ik ln'iiin aiul ubiik- acid (K. and H. he .); {(-usnic 
) acid (Hesse, Annalen. kl7, 297). li. ecnithi-s, 
usnic acid and nsiiaiic acid (H- 1898). Ih 
driuoiicd, atranniiii, aimorieaic acid, m.]>. 240'-- 
200'^'. armoricacidCjjjljj^Oy.lRO, m.p. 220 • 228° 
(H 1907). P cdsjufpild, cusjmkiiio aeid 
I ni.]>. 218' (11. iyOO), d-UKiiic uenl 

(Ryan and O’Rmrilan. l.c,). ^h Piriiiaren, 
d-usnie acul and riiiiialic acul 
240''-C-t5'" (11, 1903). P. ifihjdrindi'td, d-usme 
aeid and salazniie arid (Z. 1907). Jh ntnifiscnPi, 
{7-nsnic aeul (Z. 15)07). P. Knllni'da, d-umic 
acid, knIlenHJsu? acul 1^07). Jh 

ohtii.'idfd, rf-nsnic acid, ramaliiH’lIic aeul, 111 .ji. 
105)", and tdjiusalio acid (Z. 15)07). Ih jAiiuiro- 
ewi.N', d-usnic acul and landrocnsm (Z. 1907). 
it. ‘j)oUi7wiio, ramiihc a^jid (’nH, 30 .,UAfo and 
evcTiiic acul (Z. 1897); usnic arid, atranorin, 
cvermc aeid, and ramalic acid (H. 1898). *11. 
fd.HlKjiiita, emulsin (Hcrissoy, J. Pharm. (Ihim. 
1898, fvi.j 5, 577) Jh frartiLca, emulsin (IR-ris- 
soy, ifnd.). Ji. jiolymorpha, usiiie^eid (Z. 1897). 
P. .scdpulottiyfi (iee Thonifeon, Annalen, 53, 252), 
d-usnie acid, Hcopuloric aci{l ('mllj^Og, m,]). 200° 
(Z. 15K)7). Ji. thmo-sld, usnic acul (Z. 15)00). 
Jt. yemeji'iiH, d-usnic acid (^I. 1902). 

JtfinheUo Inrdhiio, ro<ccl]ic ami o\yr{)CC(*llio 
acids (H. 185)8). • 

Phizoenrj/on ijcogjuphir/mi f. contigw/m, 
j jiarcllic acid, rhizome acid m.p. 185°, 

rlnzocarfiic acid <‘ 28 H 2 -H 7 (H. B<‘r 1898, 31, 
i 003), rhiziinj;: acid is OMc ('j-lij 402 {OH) 2 CO{)H 
fll ). H. gro'/urphiPum f. /ccaworrawm, rbizo- 
carpic acid (Z. 1895); parelfic a{nd, rhizocarpinio 
acid, m.}>. 150°, rhizocarjuc aci{l 

CO()fl-(l24HuOs-('OOEt 
rn.p. 177°-17H°. Parcllic acid 

COOMe(j„H,iOj(<JOOH)* 
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m.p. 202®-265®, is the same as Zopfs psoromio 
acid, and the squamario aoid,and zeoric acid of I 


other writers (H.)* M. geographicum f. geronti- j 39); physcioii (11.). 


Sqmmaria degans {Owparrinia elegans)^ 

ohrysophanic acid (Thomson, Phil. Mag. [iii. J 25, 


cum, parellic and rhizocarpio acids, but not 
rbizocarpinic acid (H. 1900). I 

Jthhoplaca opaai {Ijccanora chryfiohvca, 
fi-vpaody Pnrmelni ruhina B-opa^a, Squamarig I 
chr/fwleiira ft-o{Xica), usnic acid, placiodilic 
acid (provjdUMly termed placiodihn), and rhizo- j 
placic acid m.p. !)4”-0.5' (Z. 1005),: 

nsnic and placiodilic acid < >o*p* 

15()’-I57'^(/. 1000). I 

Hitrre/hi fin'ifw{li. liiicforidy var. fiict- 
ftfrniis). 'I'luH well-known ‘ orcliella w4-c«.l ’ is 
irnj>or1<‘d 4froi*» Aiigida, Zanzibar, MadagjiM-ar, 

Ct'vlon, iimJ Lima lor tlici pnipoai' of mann- 
factnnng arciiil and ciidboar. It eontams 
eryt/inc ackl (Heoren's mvlJirin. Kanrs erylli- 
ri(in) .- ^id rocccllic acid (Scliunck, Idiann. d. jni.J 
30. IdTT AlVf il<pi, Ol, 0-1 ; Jvane, Tiviiitk Itoy. 
iSoc. 1810, 27.3: Hian'en ami iScliwmggc'rs, d. 

J’liaim.tOum 50..‘U(i) Stcnlioiisc(AnnaN'ii, 1)0, 

2SK) (‘xammed .i. Lima weed in ISls, ntid found it 
to contain livanurn and. but llii.s wa^ jirobably 
A'. tiiKtona and init idontica! with the A*. 
fiirifoi inn cxamiiK'd by film in 1800. anil in wdiich 
lie jounderyllincacid. (’oinpai'O IIcsho (Annaieii, 

117, 32!h and LiO, 22) who found Lima \cc('d to 
eontain eiythiic iiiiil, but not leiaiioiK’ aiid 
Htenliouse consideis the /A i iiom 

Angola, in wliicli lu* found (“rvllnic acid to be 
identical witli A*, fiiirlorid, ^a^. fin ij'<n}ins, c\- 
ainincil bySohunck. A stiinti'd \arictv ot 7,'. 
f iinfwiii.i'', v,\iiu\n\v{\ b\ Mmiscliuikin and iiam- 
parter, eontained /i-ervtiirin. ilia lietler grow¬ 
ing Hjiecimon crythnn wa.s obtained (Lampartcr. 

Annalcn, 134, 2-13). A vaind v «'l H.JiiciJ'innn. 
jirobabiy from the west coast ot Alnea. con¬ 
tained crytliricacid and a. hitter substance picro- 
roc'Cellin tritoidiousi' ami (L‘o\es, ihid. 185, 14). 

More roceutlv HiK-ise (18!)S) has found the weed 
to eontain eiythne. aiad and o\yr(ncellu! add. 

Udcvdla Mimloijiii), (‘i vihri'* ,icid and oxy- 
rocceihe acid (H. 1808), orciiud (RoiAeray, 

Bull. Soe. i him. 100-1, in. 1007). It. Jrniico.sa, 
erythnc acid (orythrm) {II. Ihu. 1004, 37, 4(»0.3). 

A‘. (t'rete), erytliim, oxyroccellic acid, 

oxalic acid, and er\thntoI (M. lOOtl). It. ixrn- 
f’/wA' {R. fnicU'Ciosa and R. au-ficohi), erytbnn, 
oxyroccellic, and roci'elhc acids (H. ISOS), 
erythriri, erytbiitol. i^iid itvahc acid (il. 1000). 

R. jHyrtvrUofia, locanoric acid (M. 1808). A. 
dcJipA’Us, lecanoric acid (11. ISOK). R. bijmm.'i, 
leuanoric acid (II. 1808). 

Roccdla tincionn. Tins liclion used largely 
for the manuf’actme of orchd and eudlwai. i.s 
imported from the (.lape of Good Jfopc, the 
Capo Verde Islands, and Chile {ValJ>nrals<^^^'ee(l). 

Formerly it seems to liave bison imported also 
from Lima (Stenliouse). It contains lecanonis 
acid (ytenhouse’s a- and ^-orsellic acid) and 
rocec'liinin. 'J’he lattei i.s, lioCvever, piobalily a 
decomposition product of the former (Stenhouse, . C’hem. 8oc. 1, 71). 


Solorina croceu, soloric acid, m.p. 199*^-201® 
(Z. 1895); solorinic acid, hydrosolormol and 
mannitol (H, 1915). 

Sjiha-rophorus fragilifiy sphserophorin, m.p. 
138'"--130", and fragilin (Z. 1898), splnerophorin 
(Fi4H,e<)4)«. -r ep]imro])horjc acid, 

; in.}). 200''-207'''’, and fragilin (Z. 1005). 

Sphyruiiiim pliivophylluvi, atranorin (Z. 1898). 
i Skrm'indon, alpinnm atranorin, and sloreo- 
caulic acid, m.p. 200"-2(H" (Z. 1605). A. 
('oihUohU''*, atranorin and psoroinic acid (Z. 
1805), usnetic acid, aliaiioim. and an acid not 
|)S()romii! acid. Zopt’s sleicocaulic acid from 
.S’, alpivnm j.s UHiietJC awd (II. iOOO), ,S'. inenis- 
idliini, atranoj’Mi and psoroniic acid (Z. 180.5). 
-S' rriKiiKinnw, psoroinic acid (Z. 1895). A’. 

fl< iiti^ldliini. var. yciuivmnii ntranonn (Z. 1805). 
.V. lumniUisiiw, atranorin {'A. 1805). A', ptlmluin, 
aliamiriii and Ktereocaiihr acid (Z. 1805 and 
1800) 8 . atranorin (Z. 1805). A' 

hub, utranoim (Z. )8f)5). A’, rirgnlum f. 
jimnnrift, atranorin (Z. J805) A', raiiiiiloinniiy 

aliaiiorui (Z. I 8 !),‘>). A’, salazrnnm. salazinic 

acul, whii b blackens at 20tL’-202'^ (H. lOOO). 
Stercoc.iulic acid aiqieiirs (o bi* identical with 
sticlau acid ( Bargeilini and Moiiocnda, ()az/(‘tta, 
1021. 51. 11 . 173) 

Stiil'i- fiih'fiito.'Kt, trimcthylainmc (Z. 1807). 
A’, (lurnld. .sticlaiiiin a (liTivativc of })ulvic acid 
{Z.« ISOO). Slictauriii has tlic foimnla 
(il lOOO) A' i-.ilvin and othyl- 

juilvic acul (H lOOO). S pnfinoiMnn. stictaic 
a< id F],jlliiG|)* ’u.}). 2l»l', stielinic acid {Kuo}) 
and 8 (;liiicdci munn. J. ])r. (’licin. 1810, 30, 
305), and not protoccimne uci<l (II 1000). 
'riiiH Indicn is known as ‘ hazel crottlc.’ 

Shclnta stictmin, m ]>. JOO’^HiF'' (Z. 

1005). 

'Iluiiiimliti, rrrniK'nJdt A, lhamnohe acid, 
m.p. 2«‘2''-204' (Z., Chem. Zentr. 1803, ii. .54). 
According to llcssc thi.s lias the formula 
(1808 and 1000 ). 

TIitiUmh nnt anuliduin, ]irobal51y locanoric 
acid ( 11 . 1808). 

Thtdlo.'ichisivH jlavicans, parietin (Z. 1905) 
(Brittany); jdiyscion and acromeliii (H. 1P07). 

Tnrnn^nin <hryi^>phlh(ihiui, jihyscion (H. 
lf)07). T.%j\(U'icmny var. CMyaa, x^iyscion (H. 
1007). T. jlavicans, var. acromtla {Physem 
dcromdi(i), iicromehn 242"', and 

ucromelidin m.^i. H»2“ (il. 1907). T. 

var. cincrasctnj^y jiiiyscion and aero- 
melin (11. 1907) 

I'vdnbairia pmhdata {Oyropima piiiflidaia)^ 
gyrojdioru; acid (^' 1 ( 5111^07 (?) (Stenhouse, 
Annalen, 70, 2J8; Z. J80H: H. 1898). 

Ih^'iolaini licliens, collected from the basalt 
rnek of ifre VogclsBerg in Upper Hessia, contain 
leeanonc and erythric acids (Schunck, Mem. 


Annalen, 08, 55 ; J4}h288: J’liil. Mag. [ui. | 32, 
300). According to Hesse (1808) it contains 
erythriu, oxyroccellic acid, roceellr acid, and 
leoauorie acid, wliereas Ronceray (KuU. Sort 
chim. 1904, |iii.j 31, 1097} detected* in this lichen 
the presence of locanoric acid and orcinol (cp. 
Hesse, Bcr, 1904, 37, 4093). 

Bor^cdlaria intneafay zeorin and roccellaric 
acid, m.p. lUr(H. 1898). 


Urceolaria scruposa, var. rulgariSy atranorin 
and locanoric acid (H. 1898, 1904, 1907); 
putellaric acid (Z. 1902). U. cretacea {U. 
scruposa, var. gypsacca), locanoric acid, and 
lialcttani^ acid (H. 1898, 1911; cp. Zopf, 1897). 

Usiua larbula {Ltclien harhatus, Parmdta 
barhala)t usnic acid (Roohleder and Heldt, 
Annalen, 48, 8; Stenhouse, ibid. 155, 51) and 
hchenin (Berzelius, Scherer’s Annalen, 3, 205; 
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Heflse, Annalen, 137 , 241 ; Ber. 10 , 1324 ), usnio 
and barbatio acids (U. 189b); emulsin (H^risscy, 
J. Phann. Clum. [vi.] 7 , 577). 17. barbala t dastf- 
poffOf uanic acid and uanaric acid 
m.p. 240®~260'^ (H. 1898), d-usnio, usnaric, and 
alecloric acids (H. 1000); barbatic, usnio, and 
usnaric acids, l)ut no alectoric acid (Z. 1902); 
alectorlc acid (H. 1003). U. barbaia, var. 
ceraliruit usnio acjd CiJfigC),, m.}». J0r>®-]90°, 
and liarbatin (H, Annalen, 181)5, 284, 157). V. 
barha^ a-Jlorida, d-usnie, usnaric, and parellic 
acids, and usnarin (If. 1002). II, araUna, usnic 
acid, barbntic aeid and bar}>alm (K. 1808). IJ. 
ccraliiia (Black l'’orcst}, harhaiui and usnio acids 
(Z. 1002), d-usnio ncid, barbatio iieid, and 
barlmtin (H. 1003) (.la\a tnncliona bark), d- 
usme, usnaric, and partlho acids and cinaUn 
(H. J00.‘{). IL vrmitnu ^-hirta, Bolivian, d- 
usiuc, UHiiario, plicatic. and Imrbatio ackIh 
(11. 1003). (J. baihdta (ft-) hirUi, d-ijjsnic, 

uanaric, and bnrbatic acids, and usnarin (H. 
1902), atranorin (11. 1000). U. barhata (ft-) inrhi, 
(St. 'I'lioinas), d-nsiiu; and usnani: aciiis, and 
saiitlioime acid ni.p. 100'" {II. J002). 

V. hiria, nanio mad (Knop. Annalen, 40, 103), 
usnic acid, alcoloric aiad, liirlic aiid, ni.ji. 08*^, 
and lurtollic acid (ni.j). 215*^ dccojn]).) (Z. 1003;. 
V. ccrnnia, d-usiuo and iisnuric acids (Z. I0(i2). 

/finfiuwni.it, barltaiic and visiik' mads (Z. 
1807; II. 1808). U. Umyis^nna (Iroin Aniani), 
rainalic acid, t/-usiilc a' ld, and dirhizonic acid 
(••• ^OOO). U. 

jlonda, usnic acid (Knop, Aninilon, 4!), ; 

nsiiic acid and liirtcllic acid (Z. 1004). 
fichraderi, d-u.siiic acid and nsnanc acid (Z. 1005). 

inicrocaipa, d-usnic acid un«l usnnuc and 
(Z. li*0.5). (!. atlicalata, vnr. ntl<'s(nitl<irnn.i 

(Indian cinchona bark), fl!-uaiiic acid, b.ubatic 
acid, and arliculalic acid I'lnllju^bo (•) (H. 
1007). pluata, d-usnic acid, usnaric acid, 
Usnarin, and ^ihcatio acid 1 -mu1I.,5C),((OMc), 
m.p. 133® (H, 1000). (/. .'^criipo.ia, alraiionii 

and Iccanoric m id (Z. 15)02). • 

Pcrtnmrni dmlbala, Nyl. (f Virioh^nVt dialhata, 
Lichen d('albalti~'<)y vanolarin (llobiqucf , Annalen, 
42, 2‘1(>; 58,*320). Schunck lound crusfaocous 
Varioluna cijloctod on tlic basalt rocks of tJic 
Vogolsbcrg in Uppi'r Jlessia, to contain Iccanoric 
ami orythne ands. 

Xanihoria panefiim *(/Vim'im parnihia, 
Phyncia pon>0‘«a),«atraiu*riii and pkyscion (H. 
1898, X. lychnm, physcion (H. *1808). X. 
Mude.lnria (X. conlrovcrsa, X. bje.hnc^y var. 
pygmosUf X. parietim, var. lyrJnuu), jiarictin, 
m.p. 202® (Z. 1904). ' A. G. P. 

UCKNER’S BLUE. A Hilicalc of cobalt and 
potassium. A variety of smalt ; v. Cobai.t. 

LIDDITE V. Explo.sivics. 

LIEBERMANN and KOSTANECKPS RULE 
V. Colour and CuEMicAii constitotion. 
UEBERMANN’S REACfTION v,^ Phknol 

AND ITS IIOMOLOOUES. 

LIEBIGITf, Hydrated carbonate of ura¬ 
nium and calciuin occurring as a thin green 
coating on pitchblende (of which it is an altera¬ 
tion product) from Adrianoplo in Turkey, 
Joachimsthal in Bohemia, and .Tohanngcorgen 
stadt am! Sohneoberg in Kaxony. A determina¬ 
tion of the optical oharactei's of the minute 
crystals (E. 8. Larsen, 1917) suggests the 
identity of liebigito with uranothallite of which 
the formula is Ca.jU(C08)4'10H,0. L, J. S. 


LtEOB BLACK. Blw. black v. Ptqmknts 
LIEN, LIENADEN v. Synthetic drugs. 

LIEVRITE V. Ilvaite- 

LIGHT CARBURETTED HYDROGEN. 

Marsh gas v. Methyl. 

LIGNIN (LIGNOSE) or 

(Paschke) (C 4 (,U 4 aOir, Beckmann) may be pre¬ 
pared from straw by tri'atment with alkali 
carbonate, precipitation from the cxiraei with 
acid, and puriliod by repeated sohuion in 
alkali and reprccijutation with acid (Paschke, 
ZeitHcb. angc.w. Oicm. 1921, 34, 495). A eon> 
Htituent of woody substancp, juic, aerogens, &.c. 
7’hc colour rcai'tion produced winm wood is 
treated wuh phlorogliicmoi, ';Mn 4 ‘oa»ilinc, iif., 
is nut <luc to hgmn, Init to aldehydes, mainly 
conifcrabh'liydc, accioniianying the lignin 
(Crocker, J. Iiid. Ibig. Chciu. 1921, 13, 925), 

Lignm healed witli ton or twelve (ii^es its 
weight *01 ]iolassiuin liydn»xid(,i,i^/ 40 nunnb's 
ut 280'-' gives a 20 p.c. yield of oxalic acid. 

LIGNIN DYNAMITE Explosives. 

LIGNITE c. J'b’KL. 

LIGNOCERIC ACID C,.,II,,( ’0011. A white 
(Tystalhnc solid, m.p. 80‘5®, lonml in the solid 
jtarallin obtained fioin bccchwood tar (Hell and 
Hermanns, JkT. 1880, 1713) and in earth nut 
oil (Krcibng, ibnL 1888, 880). Pound among 
the jiiodiicis of tbe tiry dislitlation of oak- 
bark. Soliibli' ill tticoliol. PoriiiK a lithium 
salt sparingly soluble in methyl alcohol by 
means of which it may Impuiified. 

LIGNUM COLUBRINUM 7’. KUX VOMIOA. 

LIMA WOOD. A variety of Brazil wood ((f.v .). 

LIME V. ( ‘at.i’IUM; uIsoOkmenth. 

LIME, BISULPHITE-OF. 7; ( ’.uxiitm. 

LIME BURNING 7>. Caloti m. 

LIME, HYDRAULIC, 7l Oem^nth. 

LIME JUICE. Analyse*^ of limo juice made 
by Huerre (-1. I’barm. (diiui. 1913, 20, 6) 
yielded: sp.gr. J •052-1 •0()4 ;• citric acid, 7*0- 
7’5; malic acid, 0-50-0-90 ; tarJario acid, 0; 
sucrose, 0-40-0-50; invert sugar, 1 •8-2*0; 
pcctiilh. See.., 0*40; ash, l'9-l*8 per 100 c.c., 
V. tTmic AoiD. 

LIME-OIL V. Oils. Essential. 

LIME, SUPERPHOSPHATE OF, 7l (.!at.oiumj 
also Eeutilisers. 

LIMESTONE (Kalksleui, Gcr.; Oalcairr, Fr.). 
A rock composed essentially id calcium carbonate 
(CatJOfl) m tlie form o^ the mineral calcite. 
Owing, Jiowcvc.r, to the frequent presence of 
mechanically admixed impurities and to vafia- 
tions in texture, the rocks of this class exhibit 
wide dilTorence.s in cliaracler (7;. Marble, OirAi.K, 
LmiooHAPnic stone. Marl, Travertine). - A 
snow-white crystalline hmtwtone—t.c. a statuary 
marble—is quite compact, and is pure calcium 
carbonate, consisting, in fact, of a granular 
aggregate of calcitc crystaW. With the admix¬ 
ture of clayey material tlicre may be a gradual 
passage through* argillaceous limestone to 
calcareous mndslone or to an incoherent marl. 
Other limestones, containing mechanically ad¬ 
mixed impurities of various kinds, are described 
as siliceous,* sandy, carbonaceous, bituminous, 
frouginouR, and imosphatio limestones. In 
dolomitic or magnesian limestones, dolomite is 
pre^'cnt in addition to calcito. Sp.gr. 2‘6-2'8 
for the denser non-porous varieties; crushing 
strengtli, 200-800 tons per square foot. Tlie 
following analyses are of: I, Bluish-grey, compact 
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crystalline limestcne of Carboniferous age from 
Horton quarries, .Settle, York sbire; a Iso J\0 r,, 0 ■ 17, 
MnO trace. 11, Carbonifenms Limestone (* Jfop- 
ton Wood stone’) from llo|iton Wood quarries, 
Middleton, DiTbysliirc. Ill, l)urk (leani, eoarse- 
grained, granular Jirncsfone (‘Mill-gut weatber- 
stofio Jnfcnor Oobtc. from Jycc/vljnnijdon 
quarries, ('beltenbain, (doureslr jsjiiic ; al.so 
EeO 0-20, K,() 1-N.i,() 0-2U. IV, Cieam- 

coloured, l.•oar^e-glallUMl, giuiiuliir linu'stone, 
tlreat Oolite, from Lox Oiound ({uarnes, iialb. 
Wdtsinrc'. V. Light dov«--eoloiire(l, line-grained, 
granular hmestoiK' Irom Loitland, Dorsetshire. 
VJ, Yollowisli-hrown hilieisms jim<‘st-one, Cppcr 
Oolite,frou'i (.'Iplinark ijiiari les.'l’i^bui \ ,\Villsijii‘e, 
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The majority of limestones aie ln-dded to.ks <i| 
scdiimmtaiy oiigin, and are composed ol the 
calcareous remains ol inai‘in<‘ uigaiiisms. As a 
general nil(‘ tlie eompactm'ss of a limestone is a 
measure id' its geological ag<“; the hardei and 
more eonipa<-t vaueties belonging to tiie Silunaii 
and ('arlnnufr-roiis Nsn'eiijs, whilst lliose ol the 
•lurassie. Cjetneeous, and Kocene Systmiis are 
less eoherenl. Limestom-s nniN also he loim<‘d 
by the direct preeipitatmn of caiciinn (‘uihoiiate 
from ealenreoiis \\at(’r.s or sj.nngs, i .q. Iiiuntine 
( 7 .e.) and stalaennlic mail.le (r. M muuj:!. ' 
AltliOiigh linti'stones often resemble some other | 
kinds ot rooks m llnm a])]teaiaiur, they ean j 
always readily he reeogniM-d by tlie fa(% lliat ' 
tliey easily yiehl to tin* knife and et]<-i\esee| 
with cold dilute and (llios.> e(.ntainuig miieli I 
magnesnitn cdTeivesce onl> with Jml aenJ). 
In ndcUtion to tiieir e\lensjM5 ap[>li(ation as 
building stones, roadmetal, ^Ke. linieslones are 
imieh useil for making lime and in the manu¬ 
facture of mortars and eenients of vaiioiis kinds 
(a. Ckmknts); in the manufacture of soda, 
enwbon dioxide*, ite. ; as llnxcs in smeUing ; as 
a polishing nuUerial; and as fertilisers, i-itlier 
in the powdered form or burnt as lime. Lime¬ 
stone rocks are also of inqxtrtanel' as the* 
dcpositorii's ot ores of various kinds. Iron-orc's 
and zino-ores, as well as jiliosphates. frequently 
occur us motasomutie rejiiaoi'inents of limestone ; 
and veins of lead-or^ and Itimr-sjiar are usually 
riclier where they intersect limestones. 

AV/f/TWfis.—(i, 1\ ]\U‘riill,^lon(*s tor Hnilding 
and Decoration, llrd ed.. New York, A. 

Darker, Petrology for .Studotits, oth <‘d., 
fi»r British Lunevstones v. .L A. llowe, (Jeoiog;\ of 
Building .Slones, JfHO. On eeonoi.jue qiic'stions 
much lias been written in^he gt'ologieul suiwcy 
publications of the Oiutod States. I. J. S. 

LIMESTONE, MAGNESIAN, i-. C'Ai.diM, 

MA«?fK.sirM. ami Dolomitk 

LlMNlTEk A hydrated foirie oxide 
or FefOHfj 


' containing Fe/)., 74*7, Fe 52-3 p.c,, and corre¬ 
sponding witli gibbsito AIjOs’llHjO. Whilst, 
however, gibbsile (</.?'.) occurs as a definitely 
crystallised mineral, tlic I'xistenee of Jimnite is 
I somewliat ilouhiful. \’ery few analyses sliow 
the jiresenee of a vsunioenf quantity of water 
(2r)'3 i>.c.) tos/itisfy tileahoieformula. Further, 
sinee iimnite does not diHer from some kinds of 
limnnitc in it.s external eharaeters (earthy or 
oelireous, with hrownisli yellow streak), tin* 
malenal has Ixcn reganled us Ix'ing colloidal 
limonite with extra adsorbed water. The'name 
Umnite, from Ai/n-t/. a hog, lias ])rae4ieally tlie 
.^ame nieamnu, so fai as K'gards its derivation, 
as the name liiiionite (q.r.) ; and it JiK'ludes also 
some hog non oh*s. 'J'Jic mineial was onirinally 
desiidx'd )jy K Jleiiiiann in IS'12 under Ihi* 
name Qiidhrz tiom hogs in govt. Nizimi- 
Noxu’oiod. L. J. S. 

LIMOGES ENAMELS e. l‘:NAMm,s. 
LIMONITE Ol Brown Iron-Ore. A liy- 
draled lei iic oxide 2Fe d»,.311 _,D of imiioitanee 
as an ore ol non (Pr'.l).,, S;’)-.'!) ; (I’c, o'.l-!) j) e ). 
It IS not toiind as (jyslals,' hut often oeeuis as 
r<niu<lc<l. .slakn title, or imimillnled lorms witli 
an mlernal ladially lihioiis (er\stulhne) si i iielure. 
TJiisiihrous material wlien ('xamined in jiolarised 
liglit IS found to ]K)s.s(*ss quile definite optical 
ehaiaeteis. Tiie smlaee of such masses is soim*- 
times black and lu'-tTous witli a,^})ite)i\ ajipcar- 
ama; ((lerman, ‘(tlas).opf’), but lier<“, as in all 
other instaiu'os, llu* streak of the mineial is of 
a^xci'V characleristic hiowiiisli yellow colour. 
Doner, tionary (pisolit.ic) and caitliy oi oelireous 
masses are also of. ommoii o.;eiirrenee. Material 
of tins kind is rolioidul jn ehaiaeliT and con¬ 
tains a vaiiahle amount of watiw, grading on 
oni* side into xat)tliosi<lente (Fe,,()j,2Hjt)) and 
liminto (Fe;Dj*3l|/.)) (./t.), A. Laevoix 
ami F. (lornn have suggeNted that tlie 

term * stilpnosideiite ‘ h.'applied to tlie colloidal 
forms and limmnte i-estrieted to tlie erystalline. 
The spgr. vatU's ftom !{ ('• to ^ <1, jcacliing tJu* 
liighei value in tlie comjiaet, lihrous mat(*rud. 
Fjimoniti* IS of ahimdant o<*eurrenei* in nature 
as the tinal ]>ro(luet ol weathering of ail iron- 
heaiing minerais. J'seutlomorjihs of Innmnle 
after crystals of iron-pyutes and other nimeruls 
are w.*!! known ; and the ‘ iron hat ’ or ‘ gqssan ’ 
ot iniiK'iai-lodes e.ii^ists mainly of limonite. 

I As an eaithy .x ln'i'ous dejx»>*st it separates from 
' the waters of chalybeate .springs, and m jieat- 
, hogs Mid at the bottom ot pools and lakes, 

' Snell di'posits ui<* known as hog-iron-ore {q.v.)^ 

. lake-ore, Ac., and the name limonite (from 
a nu'adow) iiicuns, in fact, meadow-ore. 
The [ihosjihat.'.s tiny eontnm are of orfjanic 
: origin. The brown iron-ores <‘xtensivi‘ly mined 
1 in Northaiiiptonslurt*, the north of .Sjiain, 
j Tjuxembourg and Lorraine (here uii oolitic ore 
i known ‘mincttt*’), and many other places, 

‘ .icenr as licds in .sedimentary rocks Oelireous 
I Jimomte is u.sed for making pa^^L for colouring 
; and glazing tile.s, and in the mknufacture of 
i linoleum, brown paix'r, Ac. Bog-iioii-oie has 
; been used in ga.s jmriliers, and for extracting the 
sidjihur from waslesulphuroiisgases. L. •). H. 

LINADIN V. Synthktic dhi'cs. 

: LINAMARIN r. GLi rosniKs. 

i LINARIN. A glueoside found in the fiowera 

i ^ The only hyilroxUle of iron that occurs ns definite 
crystals Is goetlUtc, l*’e«(>..,'H2<> (</.i’.). 
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and loav* of Unarm ndgaris (Mill.) (Klobb, 
Compt. rend. 1907, 145,1). ^ 

UNNiEITE. A sulphide of cobalt, ( or 
('oO'ilOjS,, crystaUised in tl»e cubic systein and 
analogous to spinel, 'rbe cobalt (11-45 p.c.) 
is usually largely replaced by nickel (0-42 p.c.) 


alkalino potassium permanganaW, it yields as 
its main oxidation,produet. tetraliydroxysteanc 
acid (sativic acid). According to Bedford there 
are two isomeric linolib acnls, which he tenun 
a- and jS-linohc acid, the former yielding the 
solid tctnibromido (ni.p. 1I4°-115°), and the 


iron (2-5 px.j: "Inrcopi^r"(V"4 p.c.)? Thb | latter a liquid bromide. Taiinc acid telfuiiic 
nickellrioh L' ty . known as Iron, j ae, ... cbaosloano ...a.I (lung o.,) a„,^.so- 


iili-gcin .7. Wostilinilia. It .s (iftcn fonnd as 
bright octahodra of a steel-grey colour lannshing 
to copper-red ; also as compact grunular masses, 
and ns grains. Brittle; 11. 5\ ; s]).gr. 4S--.> 9 ; 
soluble m#nilrie acid with se[)aiation ol sulphur. 
It is found with otficr im-lallih'ious ores at 
B.istnas m Sweden, Muscii neai Sicg<‘n »» 
phalia, Madison Co. in Missoiin, Mineral ilill in 
Maryland, at Santa l^e.mino in the .state of 
('liiapasin Mexico. At tlie la^t -named locality thu 
mineral oariics O'oll l>.c. of g«jld. h. d. S. 


merides of Imolic acid. C. A. M. 

LINOXYN. 'I'he tough elastic product of 
the oxidisalnm of linseed oil. 

LINSEED. H'ho hco.Ih of himun n^italis- 
.niiinm (Linn.), 'rli.'..' nro two .•liiof vai'intii-w, 
with wliifo anil bli.o IIowith rc.'ipi'otivi-ly. Tlni 
plant KMiiiiro.s nioi»t boat, l.ut n^iiot suit.'il to 
gl'i'at l.i'at anil droligl.t or to Iro.ily oonditloliK. 
It tlioi-oforo (loi-a best on tl.o waooast or i.laiils 
and liill.s wliorc tl.o lainfall is aliiin.liint or dews 
and fogs irotpioiit, and ni .tamp soils jathor 


no of gold. L. .1. K. anil logs iroiiuo.ii, aiii. m i.....'.' 

„ .1 ic ir (1 1 tl.an ii^drY Oiio.s, it is grown iiij(i»i.,y |■omlt^l(■s, 

UNOLENIC ACID. Liiiolomo .ind ( tw 2 ,, 1 ,^ „ouroos of tl.o linsood of oonimcroo 

IS a obaractcrisiio ooiisdlliont of diyiiig Imha. 

notably lin.sood oil, and also laa ui.s 111 oorlan. j ■ ouii.)iosition, as given by Konig, 

aii.iiiul fata, s.ioh as lioiso la . I is <1 ^ ,p,, „f ,jj tt„a|j.s,.s, is- 

oily bqnid wIikU rajinliy absoilis uwgeii liom „.n*r... r'm.in 

llioairandtiHiislironn S|igi.atl.V,n-lk-b! ^ulXiiros lllao Ash 

(Hchner ami Mileltell); h ]>. umlei jiressuie ol i ^ ^.2 

0 Him., 157"-15H^ (Bcfifoid) It comliincs wil.i i • ““ , • i ki 

bromine to tmin a wliil-- licxabioinide (n\ ]k \ All iIkmm.iisUI iicuils are liable to ci.nsidem 
17‘r-18(r), whicli when ndnced with nascent [ ^anatJon, c f/. protein 1(5-31 l>.c., fat -"49 
livdrogen yields linoletm' acid. 'When oxidi.scd p.c. The. ‘ iiroteiii ’ of jiiiHced ib a most wholly 
with alkaline polassium ijciinanganalc it fields, albuminoid in nature, not more than -.-4 p.c 
as the prinmpal pioduct, hcxahydro.xysti'anc 
acid (linnsic acid), m p. 204‘^-20.)‘’. 
existence ol an isoineiide of linoleiiic aeid, j 
isohfiolrnic <ici((, was inh'rretl by Ha/.ura from . 
tlic fact that the liquid fatty acids of linseed oil 
alsfi yielded an oxidation jnodnet {iso//a»6<c 
m-id), m.p 173°-175^ but BedtordV expeii- 
nients teml to show' that Ha'/.ura’H losobmisie 
acid IS sjluic acui. the main oxidation product 
of linolic. at id, wtiich has llie same melting-])oint. 

Bedford coiicludes that when the insoluble 
hoxabromide obtained by brominal mg •linseed 
oil fatty acids is reduced by means of zinc and 
alcoliolio hyilrocliloric acid it yields a iiiixlurc 
of two isoniA'ic aeitls, a- and /^-Iniolinnc acids, 
the former again yielding the hexabroinide fui 
bromination, wliilst the Jattcr absorhs four atoms 
of bromine and yichls a IkiukI tetrabromide 
mistaken I* Hazura for i.«»ohno- 
lenic hexabromide.* • 

Linolenic acid may be quantitatively reduced 
to stearic acid by hydrogenation in presPnee of 
a metallic catalyst. 'J’hc ethyl ester ol hnolenic 
aeid boils at 132“-133° at a pressure of 0*001 mm., 
iijf=l*4r)753. A. M. 

LlNOLiC ACID. Linolic acid is 

present as a glycorido in many vegetable oils, 
and can bo separated in large amount from iioii- 
drying oiLs such as maize aid eotton#Hced oils. 

It is a pah* yellow liquid which remains fluid 
at -18°. Sp.gr. at 14°, 0*(»20«. It differs 


of it being in oth<‘r forms (a small portion as 
a glucusidc). Linseed eontains a charm'teriRtio 
mucilage (aliout (5 ji.e. ol its w'eight), whicli exists 
mainly in (lie nicnilmincs of the outer colls and 
cause's (hi* seeds when nfticerat(*d with water to 
swell nj) so mucli as to burst the cell-walls. 
Wlien liiise<‘<! is boiled wd h water, the mixture 
thickens owing fo the solution of this nmeilagc. 

Linseed is very largi'ly consumed, oeing used 
as a food for young calves fas impartial sub- 
stitulc foi milk), and in enonnons quantities 
in the jiiejiaratioii of linseed oil, so important 
in nil' preparation of variuHlics, paintK, and 
linolfiini, till' liy-jirnitucl jin.irod caki} or liliafcd 
nical, also lorii'iing an important, cattle food, 
valiniljlc not only for ila nutritive value, but 
alho on Rec ount of its rielineBS in tile inamirial 
sulisliuiees, nitrogen, |ilinsplione aeid, and pola«Ii. 

Tlio ash of linseed eontains— 

K.O N.i.,tl bull Mb<> tVil's I'stls St's Stt’a O 
;i0'2 2-1 8 1 Id'lt 1-1 40-.5 2';{ 1-2 d)'2 

Of ])iire linseed eaUes tliere arc two types, viz. 
tlio.se iroiii wliieb Itie oil lia.s Imeii erprmcd, and 
those froni wliicli tlic oil lias bciji atraded by 
the use of voliil lie solvents ; the former are richer 
in fat and nioio digestible, the latter richer in 
albuminoids and ash. Tlic following average 
compositions are given by J^ellner 

A’-fice Cnido 

Wniicr Protein Pat cxtnict llbro Ash 

Uii/ —io . u.ir , V/-.- ; j,^>,pi-(>HHed cake ll‘(( 3.5'i> 8‘(i .11 7 8 7 Co 

from olei(t atiU iu not yielding a solid com- | p;j^|fa< tcfl ,. 19'- 37’4 3*8 32*7 9*1 C'8 

rwMitn-l Whon with nitrous acid (elaidin i 


It was shown by dorissen (Bull. Acad. Roy. 

. mt r. nrJW fkol liKLioixl om^tuina n 


IIUIU OIUll- acut 111 IIUD 

pound When treated with nitrous aeid (elaidin 

reaction). It absorbs oxygen rapidly from the j it- ' 7^)7 tiiat’linsi'ed eontains'a 

air, and eombines vatb bronimo «' J"™ j* i Lnogenet’ie giueosiile. This glucoside, named 
^S'?7”™.?,niV,‘*i.’;.i;, ini'. wITi anil/iimmui-i'i '-y Jonsson, has been shown to be 


which IS readily soluble in ether, alcohol, and 
benzene, but sparingly soluble in petroleum ^ 
spirit. M'hen reduced with nascent hydrogen it i 
yields linolic acid, whilst w'hcn oxidised with i 


eyanogi-iicii' o- . 

hnatrtarin by donssen, has been shown to be 
identical with pImeolunaUn (a-dextrose ether 
of acetone cyanohydrin) which occurs in tho 
beans of Phaseolus lunaiu« (Linn.) (Dunstan, 
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Auld and Henry, Pr<)C. Roy. Soc. 1000, B. 78, 

145). This Hubetauco is pr^jst'iit in young im* 
seed plants, in lionec^d, and al.^o in linseed cako. 

In the latter, to the extent of yielding 0 03 to 
0*04 p.c. of hydroeyarnc acid, liut tlie enzyme 
which hydrolyKCH tlie glu(!Osid(‘, and wliieli 
is present in the s(‘ed, is deslroyed by the 
high tcinjM^rature eniplovcd in cxjiiessing llie 
oil, and is ihon’foic^ abseni Iroiii tlio cako 
(Dmistati and Anld, .Soc. Cin'in. Jnd. JOOiS, 

428). Pure linseed cake is tJiercfure not 

to act as a poison, hut inifjht do so if priparcci (LS Russia 3!)-lI 
by cold pressure, or jl fial along ivilli any food- : 7N. Russia 3() 0;! 
stuff cont4uning tlie onzvnn' necessaiy for tlie ■ 
hydrolysis of^^ilie glucosidc. Linsis'd grown in I 
liot, dry climates conl.ijiis more liydiocyanic 
acid and more aetue hydiol\sing <‘ii/.yme iJian 
when giowii under eool, damp eondilions 
(Collins and Rhur, Cliem. Nevvs, 1015, 19). 

. ii. I. 

LINSEED (Ji)M t;. Gum. 

LINSEED OIL, flax seed oil, is obtained 
from tlie seeds of the Hax jilant, Ltninn w.vi/u- 
{ifi'iinuim (lann ), a nntum ot (Viilial Asm. The 
]»rincipal eountrics whore it is yiown m eon- 
siderable ipiantities to yield oil sei'd are the 
Argentine, India, th(^ United States, Caiuida, 
and Russia. Notable (quantities of seed are 
also jirodiieed in Morocco. Tin' secal is also 
cultivated in Australia and in S. Africa. 

'I’wo (jualitii^s of Russian sei-d an* recognised 
in the trad<‘, Known, aeeoidmg to their soinec', 
as Baltic and Black Sea si'cd , lienee flic terno. 

‘ Baltic liiisi'ed oil’ and ‘ Black Sea liiisi^ed oil.' 

The oil exj)ie«s(d from Indian siaai is knoun as 
‘East liicUa oil.’ 'I’ln. Bailie liiisr<-(} yields the 
best drying oil; Uii.s is explaiiud liy l!u‘ fail 
that the Baltic seed is the puresl, whenas in 
Black Rea seed 5 ji.c. (and more) of hemp 
seed and-(oi) nivison seial lire ii.sually prc'^mit 
Indian seed is fi^-'quentlv imved ivitli mustaiil, 
rape, and camelmesoed, uwiiig l<i ilm pl.inlsyield¬ 
ing the latter being grown along willi Ihc flax 
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lour of T.<a Plata oil is attributable 
'le.iguious ■'nijnirilie.s. 

I I >11 uold-j»res.siiig, a golden yellow coloured 
oil iH olilauied, having a jileasaiit ta.ste, so that 
; it can ])(; used as an edible oil. Considerable 
. (|uanhlie.s are being exquv.ssed for this qairpose 
in Kii.ssia, llungajy. Geiiiuiny, and India. Jn 
' some pails of (,’ejnuiny the oil is used either as 
.such, or (as ‘ J.einoelselunalz') 111 udmixtuu* 
witii tallow oi (and) l.iul Jor edible j)ur[H>ses 
By lar the largest (|iiantilK\s of oil are, howevei*, 
enijiloyed m the nits. In that eas(‘ the seed 
IS crushed .between rollers and then heated 
to about, KlU l'’. HI (he mixing kettle; subse- 
(jiMUitlv the seeil is expvi-H.sed while still warm. 
'I'he <nl Ml uhlaiiK'il luis a yelJowish-laown hue, 
and IK Koinewhut luibid. ow'iig to traces of 
nioisluro and mueil.iginous mutter Tlie jire.ss 
cakes retain about iO p.c. ol «iil, tliey are used 
as one of tln' most valuable and wholesome cattle ’ 
loods. 

Oil stoiiiig the oil, the nioi.sture and tlio 
imieilagiiious matter giadimlly setth out, and 
tfie oil heieliy atqune.s a liigiii'i' xulue, es})Ocially 
for some teohniiul uses, ns in the niaking nf 
varnish. Rueh oil. soinelimeHt.J\ep 1 for jear.s, 

Js Known as ‘tanked oil.’ The biulahility for 
\ arnisLvmakmg quiiposes is aM-ertanu'd by lumt- 


plant, g ha<i been ])r.nc-ij ti,;d wlicri llic .'luliaii : jiig rapidly tiir linsccil uil in a tchl tulic. Oil 
lin'?eed is carefully seji.uated from the foieign ' fioni which gelatinous matter seqiaiules is con- 
seeds and tlnm expiessed, the oil poss(‘Hses as sulered unsmtable. Seed jire.^sed Ki a coinpara- 


good drying proqierties as does bc'st Kiis-^iaii oil 
During latter years, more attention having 
been jiaid in India to thus grow mg industry, tin; 
quality of seed has improied. Argtmtme seed, 
yielding the (River) JMate oil (La Plata oil), 
being badly harvestocl, cuiitams much chaff and 
adfiuxed fibres; if more cine weri' (‘x'Ucised, 


lively fresh ('green “) state yields oil cuiUaining 
larger quantities of ‘ imieilagr* ’ than seed three 
to SIX months old. The gelatinous mutter 
(‘muciJage ’ or ‘spain' or ‘break’) contains 
l>!iospliate!iand traces of .sulphates. 

'riic liulk of linseed oil is at jiresent produced 
by exvression. 'Phe mam reason for this is 


weri' (‘\'*reis 

La Plata oil also would moie regularly aiiproacli 'that the hot-piv.ssed eukc js valuable as cattle 
Baltic oil in drying pnqiertics. 't’iie United food, whilst linseed moaJ obtained by extraction 
States, w’luclij until a f<wv yeais ago,'lmd beiui , with solvents could only be used as manure, at 
importing Ea.st Indian seed, liave so considerably any rate in this coimtrv. Oeeasioiially liiiseod 
increased the home qiroduction that tliey lank .has been extracted with solvents, as it was 
occasionally (Le. wlicii the harvest is iilentiful) j thought that the oil so obtained, being richer 
amongst til© exporting countries, tfanada also , m unsaturated acids, and eoiituining less of the 
is exporting considerable quantities of linseed. ] mueilugiflous matter, would be more suitable for 
1 he proiiortion (>f imseiid 01! in the bct'd I the paint and varnish trades. 'J’his has, however, 
vanes with the origin of the seed and also with ; not Iieeii borne out in iiractiee, e.xtraeted oil 


the seasons, it may bo accepted that linseed 
contains from 32 to 42 p.c. of oil, according to 
the origin. On a large scale thc^ quantity of 
linseed oil obtained fronpgood seed does n^t 
exceed 35 p.o. 

The variations in the oil expressed from 
linseed of different origin are shown in the 
following results obtained by Sheppard (J. Ind. 
En^ Chcni. 1012, 4, 14)* 


having been found unsuitafilc aS a paint oil. 
Moreover, tlie oil obtained by extracting with 
carbon disulphide, petroleum’ spirit, &c., pos¬ 
sesses an inferior colour and a more unpleasant 
smell than exjin^ssed oil. Therefore it would 
only lie profitable to extract damaged seed, 
which would be unsuitable for cattle food. 

A rapid method for removing the impurities 
in the crude oil is to refine it, which is done on 
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a largo soale by td'eating crude linsoed oil with 
1-2 p.c. of a Bomewliat concentrated sulpburio 
acid. The charred mass carries down with it 
the bulk of impurities contained in the crude oil. 
For the nuinuiaclure of the best and lincst kinds 
of linseed oil (‘artists’ oil’), the refined oil is 
suhjci'ted to ‘ sun-bleaching,’ by exposure ni 
^shallow 7Anc trays under glass to the action of 
sunlight, powdered lead placed in the trays 
acicIcraU's ilic blcHcliing j^roccss. A inolliod of 
bleaching Imseed oil by exposure to the C’oojicr- 
ilcwttt mercury lamp has alsti been introduced. 
Dark linseed oils intended lor soft soap are 
usually l>Teaelic<] m the soa]) works by trcat iuent 
with a Hinall amount of laiustic [lotasli. The 
soaj) w’iiich is htnjied carries down Avith it the 
colouring matters. ^ * 

'riic rliemical <M)mp<»si{ioii of linseed oil is 
not yet fully known It may, Imwever, be 
staled broadly that linseed oil contains about 
10 pc. ot solul iatly acids, annmgst ttbicli 
])a]nii1ic acid, steaiK? aiud, and aiaeliidic acid 
imve been ideritihed. In addition thereto, the 
oil contains a iugh proportion of liiiolenie acid 
and inudic acid. 'The proportion of okie acid, 
which llaxuia ga\c as niuoiintmg to about o p e., 
may ]H»ssibly. according to liiLei slatemeiits, 
h.i\e to lie laised to In ]> e. 'I’lie ‘/■.oUnolenie 
iKud,’ wliieli Mazuiu statcil to oi-eur in linseed 
oil lia.siiot been delinite.iy ])ro\ed to be a clieimoal 
individual. llolleU (Zeilscii. piiy.Mol (iicm. 
1000, 72, 422) doubts the e.Mstenee ot a d-lmo- 
lenic acid, whieli l<>dmaim and Bedford state 
is obtainable from liiiolenic acid (Her. UltO, 
41, 11124; Zeitsch. physiol Oliein. 1010, 70, 70} 
On the wliole, the balance of cvidenci' su])])ort8 
the view of Knlmaim and Bedford. 

Several mixed glyceiides have been identified 
m linseed oil. 'riius Schicht (Seifeiifabr. 1014, 
34, 073) separated hnolo])almili>stearin by 
chnimg*a HokfUoii of linseed od m petroleum 
spirit, alooliol and ether, whilst the motlicr 
liquorcoutained other i omjKmndswhiehgudging 
by their chemical characters, were probably 
dioteostcariii aiul bnolodiKteanu. 'I'he msoluble 
bromide yii'Wcd by linseed od is also probably 
produced by a mixed glyceridij in the oil. 

Linseed oil has a higher .-.peeitie gravity limit 
any fatty od that would be usial to adulterate 
it, with tlie exccjilion u4 tung oil. lienee, m 
the trade a sjieed^c gravity lower Ijiau 0*03 is 
considered to indicate adulteration* with otiicr 
fatty oils or mineral oils. • 

The higher the specific gravity of a linseed 
oil, the more suitable it is for i!ie puijioses of 
the paint and varniah mtniiifucturer. The value 
of the oil for this purposi^ is also expressed in a 
general way by tb© magnitude ot the iodine 
value. Linseed oil has, with the exception of 
perifla oil, the highest value of all known tatty 
oils. Ilenco the iodine test iaiof value lor identi¬ 
fying a sample. The iodine value of linseed oil 
should not fall below 170 (La Plata and North 
American oik), although much higher iodine 
values reacliing as high a figure,as 205 have 
been recorded. Thus Indian oils usually absorb 
from 183 to 102 p.e., and Baltic oil from 100 
to 200 p.c. 

Linseed oil is characterised by giving a high 
proportion of a bromide insoluble in ether, ap¬ 
parently the bromide of a mixed glyceride 
(Hehner and Mitchell, Analyst, 1898, 23, 315) 


, A more accurate moditicatioii of the test has 
■ been devised by Davidson (J. Ind. Kng. Cheui, 
1921, 13, 801). According to DeminelllAnnlyst, 

! 1914, 39, 297) there is a definite relationship 
• between the iodiiievalue of an oil and the amount 
; of insoluble bromide wliioh it yields. 

The American Society for Testing Materials 
haa issued the following specifications for raw 
linseed oil from N. American seed: 8fi.gr. at 
I5'.5^ 0-930 to 0-932; at 25'‘. 0-931 to 0-927; 
acid value, 0-0 (nnix.); saponification value, 
195 to 189; iinsaponiliabli' matter, 1*50 p.c. 
(max.); refractive index at 25“, 1-1805 to 
1-1790; and iodine value (Haiiu.s), 178 (mm.). 
All tests must bo ajiiiUed to the ^il filB-i-ed 
llirough ])aper, at 15-5“ to 20*7* immediately 
before weighing. ((’/. DavidHon, J, Ind. Kng. 
(3iom. 1921, J3, 801 ; m ubstr., .1. Hoc. Oheiiu 
Ind. 1921, 817 A.) 

Wiinn tlie price of linseed (ulisTigh ai'Riltcia- 
tiou IS juactised to a vi-ry eoiTSiucraiilo cxt<“nt. 
i'’or the metliods dovisi-d for detecting these 
Adulterants the reader is referred to Lewk<i- 
witsch’s (iienneal 'reclinology. 

Lmseed oil (jtrovided its price is not exces¬ 
sively high) IS \ery cxU-nsucdy used as stock 
iiiaLej-ial for soft soajis; foi- this ]>m-poHO tlios© 
oils ari! especially employed whieli have a eom- 
pnratively l<iw luiline value, 'i'iie presciuc of 
nuii'iiage is not ubjeetioimblc in the ease of oils 
for s<ia])-niakiiig 

A further important application of Imsoed 
od is lound in tlie manufacture of boded oil for 
paints, varnishes, lilhogruphic vuraishos, and for 
the manufacture of linoleum. No other drying 
oil approaches the propiiitu-s ot linseed oil, the 
diying oil pai cxvdlntce. Hence Imsccd oil is 
also tlio best oil for making putty. Linseed oil 
IS further largely used in the })reparalion of 
plastic ma‘’ses. • 

Boikd oil is obtained by heating Jinseod oil 
with driers to a tonipi'raturo of*aT)out 150“(1. 
Tlie process is carried out by introducing the 
oil i%to a cylindrical vessel provided with a 
lieating coil and agitating gear, so as to produce 
an intimate iiiti-rmixluic betw'iien od and drier 
wliih^ they are heated to the desired temperature. 

According to the quality and the amount of 
drier added, and the length of time during which 
the oil IS heated (‘ boded ’), pale or dark oils are 
produced. The former are known in commerce 
as ‘ pale boiled oils,’ flic latter as ‘ double 
boded oils.’ The temperatun; ot ‘ boding’«an 
be reiluced even to 120°C. wlien ‘ liquid driers ’ 
(solutions ol lead luioleate, Ac,, in linseed oil) 
are used.* TIU7 are merely dissolved in the oil 
and the ojieration is assisted, if Acquired, by a 
curnmt of air. 

This last ju-oeesH yields somewhat inferior 
drying oils to those obtained by boiling at ISOX. 
with lead oxide, &c. It* lias, however, been 
inferred therelroq^ that in order to obtain a 
quickly drying od it suffices to prepare a solution 
of metallic salts in oil. I’lns view has even led to 
the preparation of ‘ boiled oils ’ in the cold, by 
merely adding to linseed oil a solution of lead 
iinolcatc or*mangai*so Imoleate, and carefully 
mixing it with the oik ^An oil having the 
rojierties of a ‘ boiled ’ oil can also be prepared 
y carefully grinding linseed oil with manganese 
borate in the cold.) Those ‘boiled oils’ are, 
therefore, identical with the product which 
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jainlera used to prepare IheniBelves from raw 
mseed oil by grinding it w'ltii u drier, fcluch oils 
naturally do not dry so rajJdly as do the ojIb 
prcjiaretl at a higher temjxTatuie; tiiey boliave 
more in'arly like raw linsc^ed oil as regards the t iine 
required ‘ dry.’ 'J’hejiivesligations of Jlolden 
and Kttdehffc (J. Soc. Dyers and C'ojoni ists, 

34, 134) liavc shown that llie late of drying of 
linseed oil inereases witii tlie tempi lalnre, but 
that the liigher the temjieratuie the lower the 
maxiimuii meroaso in weight, and the Jess ilie 
inllueneo of adiled driers, J^’or example, wlien 
dried just below 34' linseed oil gams J7 to IS ji.e. 
in weiglit, wii(‘ruHs at inO' the maMinum 
increase is_^ mucli l<“ss (7 to S i>.e.), and at Ihl)'' 
tliero i.s no nieiease in neiglit, juohalily owing 
to the evolution ot v(;la(iJe jfioduels. 'J’he 
greak'r dunibiJity of Im.seed oil lilms din-d at 
iiigli (('inpi'ratmes must be atliibuled to (be 
more hapid volatilisation ot mm-drying eon- 
Ktituents. 'J'jie volatile jiroduet.s of linseed oil 
oxidised at 1IK>° eontaui ahlebydes (aeioli'in) 
and traces of oil. 

TJieso results aic in ae< oMlaijce with llie eon- 
elusions (d Salway (J. ('luuii. »Soe. )!li(>. Ml'.), 
I3H), that in tiic drying ol linseed oil oxygrnides 
aiv lirst lonned, and thes<5 tend to imm dmx\- 
gcnidos, whicli would deeomjiose with 11 k‘ bjima- 
tion of a mixture ol aldehydes (iiKludiiig 
acrolein), and eiubon mnnoxule and dioxide, 
formic, aectie, and aeryJie acids, b’or tlie i.ietois 
ahecting tlie oxygen absoijition ot linsei'd oil 
sc<' Waelle, J. !Si>e. C'hem. Ind. 1!)20, 3!l, 4,S ; 

t'olfey, ClH'in. Sik'. Tians, llo2. jMan- 

ganeae salts are imn h mme elh ctne than lead 
salts as driers, whilst eernim iinoleati' is moie 
active than lead hnolcate. but is inleiior to 
inangaiiese and cobalt Jmuit-ales (Morreil. 
J. (diem. »Soe. iblS, 113, JIJ), 

TJie e nelusioiis ot Ingle (.1, Noe. ('hem. Iml. 
11)17, 3<), 3lb) oil the course ot the ( heiiiica! re¬ 
actions iiivoixed lii tile drying ol lead hiiolenate 
are sutrported by tlie experiments of M<jirell (/ex'. 
r/L) ujmn the cerium salts |ue|»aje<l tj<»m drying 
oik When drying oils »iv heated there a|ipt‘!iis 
to be a change in the mlr.imoleculur linkings 
jirior to polymoiisalmn. 

KxperimentH hy Krieiid (.1. Cliein. Noe. 

J J J, 1(>2) have shown that liiisei'd oil contraets on 
oxidation. Tiie density of tlie ml uiere.ises as the 
ub.sorption of oxygen [Uoceeds, whilst tin* volume 
tirst iiieroases and theh giaduully di'cieases. 

' With regaid to tlie emplo\menl ol other oils 
ill the manufacture ot bi'iied oils and the 
adulterants of boiled oils, vp. Lewkowit.sih, 
Chemical Technology. 

Linseed oh is also used in tin* miinufacture of 
‘ vulcanised oils,’ and lor extracting indiarubboi 
• Irom ‘ w’asU* rubber ’ J5y lieatiiig linseed oil witli 
suljihnr, the ollieial olem/t luii .wlf. is prepared. 

Owing to tile Ingli price of liiLseed oil during 
the last few jears mixliires otdung oil, menhaden 
oil, and soya beau oil have Lk-<‘h used as sub¬ 
stitutes for it ill jiamts and viirnislies, special 
drying agents being used to aecelonite the drying 
properties of tlic mixtures. 

A method of jirejmring «, substil ute for boihal 
linseed oil by blowing sii pci heated steam through 
lish oils previously heated at 235^ to 240" is 
described in tier. Tat. 272,405 of 1910. The 
drying jiroperties are staled to be suiierior to 
that of linseed oil. J. L. 


LINTONITE V. Thomsonite. 
i LIPASE, the enzyme wJiich hydrolyses fats 
, to glycerol and fatty acids, i.s ot considerabic 
’ importance in animal ijhysiology and in ger¬ 
minating seeds. It is used industrially in tha 
manufttctiire of glycerol and fatty acids, and is 
concerned in the jihenomenon of rancidity. The 
know’ledge of il, liow'eviT, j.- still in a somewhat 
Iragmi'iitiiry stale. It was lirst discovered by 
Ueynolds tlieen (I’foe. lioy. Noe. I8!I0, 48, 370) 
ill 'the germmntiug seed ot Jiichivs cmmrinnu 
(Linn.), and lias sinee tiecn found in many other 
seeds, usually m tlie germinating rather than in 
the resting stugt*; it also oeeurs m mould fungi 
and in yeast. Jjjjoeiastje iiizymes are jiresent 
in most animal tissues, tin- ii\er being tin* most 
aetn'c. The enzune iijijicais to cling to tlie 
solid jmrtieles ot Ijsmk’ ec'ils. 

Vegelaiile iijiase is viry spaimgly Koiiilile in 
water, and it is doubtful wludbei active lilterrd 
extracts of tiie enzyme can lie obtained, it has 
been shown Ity C’onnstein and otlicT.s [sd' .sum¬ 
mary Ill Asimr and Njtiios Krgebnisse der 
Physiologic, Ilf04. 3, J94) that A’lcim/s lipase 
IS elTcctnc oiii\ in the jncsence of acid, and 
that it acts ])ieierentially on the natural fats, 
other ethereal salts being but little attached 
by It. 

Anmitil lit»as<-. on tlie other luuid, is quite 
active in hydio|\.smg sim|ih' estcis and a<‘ts on 
the natuiai fats willi difluiilty, though this is 
perhaps ilue to the ditlicnily ot Fectiriiig a 
saf_]sfa<-t(uy emulsion (i// JI. Ji. Armstrong, 
I'loc. Jtoy. Noe. l!)05, 7<*u, <'()(>, JlKhi, 78ij, 37(5; 
Kast]<‘ and Loevi'idiarl. Amer. (iiem. J. 1900, 
24, 491). 

t’omnu'icial jMiuiealm piepared fioiii the 
fiesli sweetbiead of the hog or ox eontunis a 
Iqiase oiteii teiiued sleu]»sin which acts ni an 
uJkaliiM' medium, and is ra|ii<lly d<-stroyed by 
.^t^ong alcohol and hy all aiids'i.‘x<'ej»t llie tatty 
aculs, being the nu»st deJaate of the pancreatic 
enzynu's 

According to Tanaka (C'hem. Noc. Alislr. 
lilKh 1. SOO) lipase is jireseiil in castor oil seeds 
111 the foim <4 an iiisoliihle zymogen which ih 
readily converted hy diluti- acid into tlie in¬ 
soluble enzyme, t iu' acid acting merely to liberate 
the enzyme wim li, when onee liberated, is active 
ill a neutral iiudium.^ Alternatively, it may be 
lu'cseiit as,a salt wliieh is Qh'eomposed by the 
acid, li IS inactive jn ulkaiine solution. 

The action of lipase is aeeeh'rated by man¬ 
ganese sulphate and liy bih' salts. All ueids 
are eilVetivt in activating the enzyme, action 
depending on the amuunt lullier tlian on the 
concentration ot the aeid. 

Animal lipase may be sejiarated by dialysis, 
or lilteniig, into two substamxxs which are 
inactive singly, hut tlie original activity is 
resfoied'-wheii tlu'y are mixed; the activity of 
the tiliralo is not destroyed by boiling (Magnus, 
Zeihseli. physiol, (‘hem. J904, 42, 149; Kosen* 
hoini and Nhaw-Maekenzie, J. physiol. 1910. 40). 
iapase also eserci.ses synthetic activity (Kastle. 
and Loevenhart, Amei. ('lu'm. J. 1900, 24, 491 ; 
Haiiriot, Oompt. rend. 1901, 132, 212). 

It is considered by Palk and Sugiurn (J. Amer. 
Chem. Noe. 1915, 37, 217) that castor oil heans 
. contain two enzymes, one soluble iu water and 
more active towards ethyl butyrate, and the 
■ other insoluble and more active towards glyceryl 
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triacetate and faU. The former is referred to 
as eHUirasc and the latter us li})asc. 

Lii*a«c IS also i)resent in soya beans. 

Lipase oeeurs in tlie fat of fowls in the 
zymogenic form and becomes active only nfler 
death, causing the acidity of lln^ fat to increase 
(Pennington and Hepburn, .1. Amer. Clicni, 
Soc. J9J2, 34, 2U)). 

Li])ase powder (fnnn Kicinus) loses its ac¬ 
tivity when kept with neulral fats aJon(^ withont 
the presenee of either acid or water. I'riolcjn : 
exertAl greater action than other fats in this 
resjiecl. ^ 

'i’ho ferment ])roeess is used for the prc])ara- : 
lion of soap-stock fatty acids (('onnst<'in, Eng. 
Pat. 22111, lSKt2). The ground se(‘ds were 
made into an emulsion, with oils and dilute 
acetie acid, but the original process was aban- | 
doiKMl (HI account, of ih(5 losses due to tlm 
formation of a middle layer betw«‘en tlio fatty 
and ac^ueous layeis. According to Lewlcowitseii 
((Chemical Technology of Oils, Fats, and Wa.\es, 
IfKitt, 3) it IS n<>w' customary to prejiaie a ‘ fer- 
laeut' by grinding decorticated castor .'•c(“ds with 
a large tjiiantHy of ualer and tlltciing. The 
creamy li(|uor is allowed to ferment sjiontane- 
ouslv when a creamy emulsion conluimng llie 
active enzvmo rises to the top. 'i'lie ml is 
emulsified by air euircnts in lead lined vcss(ds 
with 4ti |).e. of watei, n S ji.e. of tlie ierment and 
(>•2 ]).o. manganese siilpli.de, tlie last substance 
s(*i ving to aceeieralc' the change (Eng. Pat. 
2.>tiH(t, IIHC)). Alter several days tlic niixtiyc 
is warmed to and 0’3 0*4.5 ji.e. sulpiiurie 

acid (‘>0 }i c.) IS added; it is then allowed to 
settle. Three layers aie formed—a bottom | 
aqueous laytu* containing glyecn-ol, an u]ip(‘i' fatty 
layer and a imdclle layer coiisi^ling of an einul- 
Sion, wliicli IS allowed to accumulate, and on 
renewed treatimmt separates into three layers 
limipeiatur^ of hydrolysis is maintained 
above 2()°(^ and below 42“(.'. ; it should be 
slightly abov(‘ the meltmg-jiomt of a fat» 'I'he 
products so obtained are much lighter in colour . 
than those given liy llic older jiroeesses of 
hydrolysis. * 

Tanaka (.1. (^oll. Kiig. Imp. Univ. Tohyo, 
1912, 5, 125) luiK dcseribed (ho ]U'ej)arali<)U of an 
active lipase from castor oil seeds by rligesting 
the pr^ssod material wither [iropf'r amount of 
acid and then wafj^img t(» remove all .solulile : 
matter. This hydrolyses fats rajndly in the ! 
absence of any .soluble acid. 'Die shelle(> seed 
18 crushed in a mortar and tlic oily mas.s digested 
with iietroleum spirit for 24 hours, after winch 
the greater part of the oil is removed hy squei^z- 
ing it tiuougli calmo eloth. The ro.siduc is 
treated twi(!o in the same manner with ether; 
it IS then ground and digc-sled during about 
15 minutes with 8 c.c. of N/10 acetic acid to 
every 10 grams ot the meai. The Mquid is 
filteixid off and the residue waslied several tiiru's 
with w'ater. It is dried in a vacuum de‘(Jccator 
and, when dry, ground line and sifted through 
muslin. Ihiring washing about 40 p.c. of the 
fhaterial passes iiit(» solution. The powder 
obtained represents about 9 p.c. of the weight 
of the seeds. It is colourles.s and tasteless, 
and may be kept for a Jong time without under¬ 
going appreciable change (c/. Armstrong and 
Gosney, Proc. Roy. Soc. 1913, B, 80, 58(i). The 
enzyme prepared with a weak acid such ae 
VoL. IV.—r 


acetic is lUstinctly sujierior to that obtained 
when a stronger aoid is usoil. 

Prepared as described, if olive oil be digesU'd 
at 30“(\ '^Vith about 3-4 p.c. of the powder and 
from U-IO times as much water about 90 p.c. 
of the glyceride is hydrolysed witUm 7-10 hours. 

Jt is possible to ‘ overdry ’ the enzyme when 
it is required to be used in the absence of water. 
In such oases the addition of traces of watiw 
usually restores the activity. Preparations of 
the (‘nzyine often vary in activity considerably, 
a fatil winch is not surprising wiien it is ro- 
luemlwred that tlieir activity depends on sur¬ 
face condition of flu* colloid. 

The activity of the en/.ymo is iiiterfered with 
even by dilute acids, and it is easily rendered 
inert by excc.s.s of acid. Possibly the powder 
contains an emulsifying eonslituont on which 
its nclivity is largely deiieiident.. Henoj^ it is 
Hl>ociall^ fitted to liydrolys<‘ tluMi^i’ly glycerides 
of the liiglier fatty acids and is not suited to act 
in an aqueous solution. 'I’iio interaction is 
inhihited by the jiroducts of change, both the 
fattv acid and glycerol, csjicciaiiy tho former. 

thider ordinary conditions the hydrolysis 
of fats by lipases jiowdcr i.s incom[>lctc, and 
nunuMiHis fibsi'rvationH aie on record to jirove 
that whetlier of animal or vegislablo origin, it 
can m4, revorsildy. In tlu5 casc^ of olive oil and 
lipase ]m-parcd by the. 'I'anaka method, tho 
I same e(pulibnum was attained starting either 
^ from tlie oil in jireseiiee of three molecular pro¬ 
portions of water or from the fatty acids and 
the equivalent of glycerine; the jiercentage of 
acid combined being about 38, and the main 
product a digly('(‘i'jd(! indicating tiiat the two 
primary liydroxyl groujis of glyiicrjiie arc first 
affected. In presence of more water the rate of 
both synthetic and hydiolytic ehaiigcs was 
dt'creased, and tlui eqiulibrium point csTablished 
in I lie <hf(*etion of greater a»iditY. Even ill 
])r(‘sen(;e of 39 molecular jiroporlions of water 
some synthesis was observed (c/. H. E. Arm- 
strong^and Gosiu'}’, Proc. Roy. Soc. 1014, R, 
88, 17b). 

I{ayi('i(lili/. -The presimoc of lijiase in oily 
seeds leads to the formation of small quantitieH 
of fatty acids, ]>artieularly in jircsenco of mois- 
tur«*. ’('ommereial fats of botli vegetable and 
animal origin, if tlu'y have not b(*en submilted 
to a suHicumtly liigh t<mg)eraturc to kill the 
enzyme during liieir manufacture, are likely to 
(suitain traces of lipase, and this in presenee of 
moisture may cause the formation of free fatty 
acids. When the fatty aeids are further exi>osed 
to oxidation, particularly in pr('s(;pee of light, 
rancidity takes place {tyce further on this jioint, 
Lewkowitseh, l.r. 1, 35) Fermentation). 

3'he presence in a fat of other substanccK on 
which hacderia can grow incrtiiseB the probability 
of ruiKudity ; butter or margarine, for instance, 
being particularly frone to tlio chang«i. Fats 
such as cocoa butter which contain more satu- 
1 rated acids, are less liable to liecome rancid. 

Nunierous bacUu’ia exist which split fats 
anaerobically t and ojidise (hem aerobically, 
ovfing to (be siwrelion of lipase. The injurious 
! effect of fat splitting organisms on the quality 
of dairy jiroducts is chiefly due, in addition to 
i tlicir lijKK'lastic properties, the production of 
bitter and odonferous Hubstances from proteins 
; and casein. The organisms produce lipases 

K 
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which act both ia acid and alkaline solution, 
Sohngen (Proo. K. Acad. Wotensch Amfiterdam, 
1911, 13, 1200) finds that the decoraposition of 
fat deoroases a>s the amount of acid rises, and 
that it ceases entirely when the acidity of the , 
culture liquid is abf)Ut N/50. Mineral acids art* ' 
more potent than organic acids. It is considered i 
that rancidity can only take place when owing 
to the action of alkali-prodmung bacUnia and 
moulds the acidity of dairy products falls below 
this limit. The docoinjKJsition of dairy fats by 
lipase is favoured by oxygen and light. Li])aso 
is not soluble in other, fats, or fatty a( id.s. 

In comm<?reial jialiu oil winch is prepared m 
tropical ocuntnes under crude conditions, tin* 
proportion of fatty acids is considerable and 
the value of the product niueli dimiidslied in 
oonsequeuoc. Probably rtiu<;h of tliis develop¬ 
ment of acid is due to cnzyiru* action, i’alm 
kernels and similarly vary greatly in the 

amount of free acid they contain according to 
the care taken in their preparation and storage. 

K. F. A. 

LIPOIODIN. Li-iodubiussidic acid (dliyl 
ester. 

LIQUATION. ‘When an ore or metallic 
mixture containing ingredients dificnug sensibly 
in fusibility is exposed to a degree of heat 
suilicient only to melt the most fu-sible which 
may flow away from the mnmdted mass, this 
process 18 termed liquation ’ (I'ercy's Metallurgy). 
In certain cases a mixture of two metals can be 
roughly separated in this way. For instance, if 
an alloy of lead and copjier be lieated to a tem¬ 
perature a little above the melting-pomt of lead, 
the lead trickles out^ leaving a [loroiis mass 
behind. The lead contains 2-11 p.c. of cojqx'r. 
The copper contains 25 p.o.' of lead. 'I’his 
process 18 used commeniially tc) separate anti¬ 
mony sftlpliido from the oie, by heating in 
earthenware pot*i with a hole in the bottom, 
through which the meltv'd sulphuh* flows. 

At the Scliommtz sdv^cr works imjmrc lead 
is purified by molijiig it on the bed of a furuaci*, 
the lower eml of which i.s eonm-efed with a large 
iron pot, heated independently, and into which 
the lead trickles. Fresh lead is thrown into the 
furnace from time to time; the melt«*d load 
flows into the pot and loaves less fusible alloys 
behind. The lead in the pot is then made hot, 
skimmed and polei^. J’he ])urification of a 
metal by this moans deponds u]>on the formation 
of'less fusible alloys between tlie metal and 
the foreign metals present. Fattmson's process 
(i>. Lbad) for dosilvonsing lead dejiends on the 
formation of,8Uoli alloys, but m that case the 
solidified alloys are fished out of the melted lead 
by a ladle, instead of allowing the load to flow 
away from them. 

LIQUEFACTION OF GASES. 'Ihe readiness 
with which many liquids can bo converted into 
vapours similar in many aspects to ordinary 
gases, suggests the possibility of an intimate 
relationsliip between the gaseous and liquid 
states of matter. Van Holmont, to whom we 
owe the introduction of the term ‘ ga.s,’ in the 
latter part of the 16th. oenturjq distinguislu^d 
between ‘ gasos ‘ and ‘ vajKiurs,’ saying that 
only the latter could bo reduced to the liquid 
state. Buerhaave (1731) in his Elements of 
Chemistry (Eng. ed., 249), comments on the 
impossibility ol liquef 3 dng air either in the 


siiarpest frost or under pressure. Dalton 
clearly foresaw the result of subjecting gases to 
low temperatures and high pressures when he 
said: ‘ There can scarcely be a doubt enter¬ 
tained respecting tlie reducibility of ail elastic 
fluids of whatever kuid into liquids; and we 
ought not to desjiair of effecting it in low tem- 
peraturcH and by strong pressures exerted upon 
, the unmixcd gases.’ 

The statement in Fourcroy’s Chemistry, 
2, 74, that Mongo and Clouet liquefied sulphuf 
dioxide is one of the earliest recorded rofeiences 
to the liquefaction ol a substance (jommonly 
reeogrused us ii gas. Shortly afterwards, in 
1805-Ih0(i, Northmorc (Nicholson’s Journal, 
1805, 12, 3t>8; 1806, 13, 233) succeeded in 
liquefying chlorine, hydrogim chloride, and 
sulphur dioxide, by compressing the gases into 
a strong glass receiver. These results, however* 

[ did not attract much attention, and no furtlicr 
I work on the liquefaction of gases appeared until 
1823. 

The discovery of the produotion of liquid 
chlorine by heating chlorine liydrato in a closed 
glass l ube, led Faraday to undertake a systematic 
study of tJie liquefaction of gases. The method 
employed in bis first senes of experiments 
(Fliil. Trans. 1823, 113, ISO) was simple. Into 
the sealed limb ol a bent glass tube wei*e jilaeed 
materials for generating the gas. The other 
limb of the tube w'as tlien sealed and cooled in 
a freezing mixture of lee and salt. I'he end 
contaiimig the reacting substaiiec was heated 
to generate tJio gas; the pressure steadily 
mcreased as the gas was producetl, and ultimately 
th(‘ gas h(ju(*lied in the cold limb. In this 
manner Faraday succeeded m iiqiiefvuig sulphur 
dioxide, hydrogen sulphide, ‘pnohlorine,’ cya¬ 
nogen, ammonia, carbon dioxide, and nitrous 
oxide, the oxjierimcnts on tlie last two gases 
being often aecM)mpaniod by vn'dont explosions. 

'File first exjionnumter to utilise tlie evapora¬ 
tion o£ a Injuid imder reduced jirossure in order 
to produce low temjieraturea was Bussy (Ann. 
Chun. Fiiys. 1824,26,63). By the rapid evapora¬ 
tion of liquid suljihur dioxide ha reached tern- 
jn'raturcs .suttieicntly low to liquefy chlorine, 
ammonia, and cyanogen. This method of 
produ<*ing low temperatures soon caino into 
general use. ♦ 

In JHJV4 Tlnloricr (Aun.^-tllum. Phys. 1835, 
60, 427, 432 ; Annalen, 1839, 30, 122) prepared 
liquid carbon dioxide on a large scale by what 
was essentially the metliod of Faraday, using, 
however, a wrought iron generator and receiver 
connected by a copper tube. Mort^over, ho 
succeeded in freezing tliis liquid by allowing it 
to escape through a jet into a sjiociaUy con¬ 
structed drum-shapt'd box. {Solid carbon ^oxido 
has proved of service to subsequent experi¬ 
menters* A mixture of solid carbon dioxide and 
ether, often called ThUorufs wiVfwre, is even 
to-day a very valuable refrigerant; by evaporat¬ 
ing it under reduced pressure, teinjieraturos as 
low as — 110®C. can be obtained. 

In Faraday’s second research on the liquet 
faction of gases (Phil. Trans. 1845, 135, 165) 
the gases were subjected to the simultaJleoaa 
influence of high prassure and low tempmature. 
The former was applied by means of two air 
pumps, and the latter was produced by means of 
a cooling bath of ThiloridT’.s mixture boiling 
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under diminiebed presBure. The gases wore 
oondensed in suitably shaped tubes of green 
bottle-glass, the i>re8sure8 were measured by 
means of small air gauges inserted in the tubes, 
and temperatures were recorded by an alcohol 
thermometer. In these experiments, ethylene, 
silicon fluoride, phosphine, and boron trifluoride 
were liquefied, and hydrogen bromide, hydrogen 
iodide, sulphur dioxjde, ‘ eucblorine,’ hydrogen 
sulphide, ammonia, cyanogen, and nitrous 
oxide were solidifled. Faraday was, however, 
uuabth to liquefy hydi'ogen, nitrogen, oxygen, 
nitric oi^de, t)r carbon monoxide, although 
he predicted that, if th«' temperature could bo 
suttieiently reiluccd, these gases would pass into 
the liquid slate. 

The work of Natteret;{J. })r. (fliein. li<44, 31, 
375; 184.5, 3.'), JOfl ; 1852, Td), J27 ; Togg. Ann. 
1844. 02, 132; 18.5.5, 04, 43(5; Wien. Ber. 

18.50. 5, 351 ; JH51, (5, .557, 570 ; 1854, J2, 190), 
which began in 1844 and e-\totul<*d i*ver sc^-eraJ 
years, jihu-ed at the disposal of e.\j»crinionterR 
a method for iddaining e.\tr(>m(4y higli pressures. 
Natterer was tlu' lir.vl ohser\cf to prcjiare 
liquid nitrous oxide in quantit\. He repeatedly j 
endeavoured to lujiiety hydrogen, oxygen, i 
nitrogen, and ciiibou monoxide, modifying hi** | 
apparatus from tune to tune until the gases were 
snhjeeled to tlu' enormous pressure of 3()0(( 
atinosphcres. Kvim tlie ajiplication of I'hiloriet's ] 
mixture to the gases a1 this j»rossure faded to I 
ciTect their iKiuidaidion. 

Cnticdl phenomena and f/i< tdoliini hdn't^n | 
llu' liquid and (/a^enu.s stati i. —'J'he classtoal work 
of Andrew’s (Phil 'J'rans. 18(50, li. 575 ; also ihi<(. ! 
187(5, 11. 421) iiiarks an era m the development j 
of the subject of the liquefaction of gases. The ! 
relative values ot (emjreraturc and pressure in 
elTecting liquefaction had, uj) to tliat date, not 
boon understood. As early as 1822, ('agniaid de 
la 'I’our (Ann. (’liam. Pliys. 1822, 21, 127 ; 1823, 
22, 411) had performefl a senes of experiments 
on heating volatile liquids in closed glass w^ssels. 
He Bhow'etl that such a liquid as ether could be 
converted wholly into vujiour, nolwnthstandin" 
Hio cxi8tence*of an enormous pressure, in a 
volume less than twice the volume of the liquid 
from which it was produced. He also observed 
t hat there was a definite temperaturi', iiKhqien- 
(Icnt of the actual amoudli of ether present, 
above which the lijjuid meniscus coqltl not be 
observed, an indication that ether cannot exist 
as liquid above, a certain tomjierature. Similar 
results were obtained with a number of other 
liquids, but their significaiico was not generally 
recognised at the time. Faraday, however, 
realised that the reason why he was unable to 
liquefy certain gases was that they were probably 
in the same condition as the ether vapour 
in Cagiiiard de la Tour’s experiments w’hen 
heated above the temjieratut’e at wMch the 
liquid meniscus disappeared, in which case he 
added that ‘ no comprej^sion, without the con¬ 
joint application of a degree of cold below that 
we have as yet obtained, can be expected to take 
from them their gaseous st/Uto.* It is curious, 
therefore, that Faraday made no attempt to 
revise the Cagniard de la Tour’s state with any 
of the gases he had succeeded in liquefying. 

Andrews found that on compressing carbon 
dioxide in a glass capillary tul^ at tempera- 
tixres below the volume diminished 


I more rapidly than would be indicated by 
I Boyle's Law, until at a certain pressure, deiwnd- 
, ing on the temperature, liquefaction commenced. 

1 The presHurt' then remained constant while the 
j volume w’as being diminished, until liquefaction 
I was complete. After this, a large inert^ase in 
1 pressure again became necessary in order ti* 

I diminish the volume further. At lemiicralures 
! aliove 30i)®('., however, ho could obtain no 
; indicatioDB of liquefaction at all, wlmti^ver 
i pre.ssurc was ajiplied. On jiartially liquefying 
carbon dioxidi*, and slow’ly raising the tempera¬ 
ture, the KUifacc of demarcation between the 
liquid and gas became fainter, lost its ourvuture, 
and finally disappeared at 30*9®<A *Tho space 
was then oceuj)i(*d by a homogeneous fluid 
whiel) I'xhibiti'd, when the pressure w'as suddenly 
dimimsht'd or tlie temperature slightly loweren, 
a j)e<*uluir a|i})earanee of moving or fliikering 
struT throughout tlie entire mas«!* 

From these results on carbon dioxide and 
from analogous nisults for nitrous oxide, Andrews 
coiicludi'il that theie is a perfect continuity 
betw’i'on the gaseous and liquid states, and that 
for eacli gas there is a deiimte teinjieratur© 
above whieh it cannot be eondonsed to the 
li(|md slate. This temjicrature lio called its 
cTitical lenijurniurc. 'I'be ‘ (.'agniard d<^ la Tour 
i ])ouit,’ to whieli Faraday frequently i-cferred, 
and (ho ‘absoluti* boiling-point’ of Mendelceff, 
correspond to the same temjierature. The 
pressure requiied to (‘ifcct hijuefaetion at the 
cntieiil leinjierature is <alled its cnhcal /ircMt/re. 

Andrews w’as able from his results to draw 
a rational distinction between a ‘vapour* 
and a ‘ gas ’ by deliiung ‘them us gaseous sub- 
stanoes respectively below and above their 
critical temperatures. 

As a result *)f (ho w’ork of Andrews it is 
cl<*ai that the general nature of the isothermals 



I for a gas over a range of temperature, including 
I the critical point, is'Himilar to that shown in 
Fig. L Each isothermal below - the critical 
' point consists of three distinot parts, the middle 
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portion being horixoiital. The almoiKHR* its I 
oxtremllios, t.g. and on the isothermal, I 
represent the specific volumes of tfio substance, I 
if the diagram refers to unit mass, as saturated i 
vajiour and as liquid under its own vajiour ’ 
pressure at 'F,, res]KK‘tivcly; inierniediate; 
volumes correspond to mixtures of liquid and ; 
vapour. I 

The theory of Andrews, that tlie change from i 
gas to liquid is eonlinuons, and that there is no ; 
essential difference hetwi'eii the two slates, was j 
adopted liy Van der VVaals, who, in 1879, pul '■ 
forward an equation to lejiresent tlie behaviour 
of any fluid that does n<ti eliange its nmlecular | 
complexity ofi passing from the gaseous to 
the liquid state (Van d«u' Waals, Die ('ontinmtai 
des gasformigiMi imd Hiissigi'n Zustandes). 

The oharucteristic equalmn f<»r a pei-feel gas 

' .. IW-- jrr 

(wliere p, i\ and T dmiote pressure, volume, 
and absolute' tempeiature respeetivi-ly, and li 
is a constant) represents tlu- behaviour of 
ordinary gases accurately only over a small 
range of pressure, and at. temperatures sufti- 
oiently removed from the cntical ]M>!nt. As p 
increases, at constant. tem[ieratur(’, from atmo- 
sphern^ j»ressiire to one or two hundred atmo. 
spheres, the compressibility is initially gicalcr 
than Boyle’s l^aw indicates, the product pr 
diininislnng os p incri'uses (Kegnault, Idem, dc 
I’Acad. 2\, 325): Amagat, Ann. ('him. I’hys. 
1880, [v.j 19,345; IHKl. lv.| 22, 353 ; JHS3, Iv.] 
28, 459, 494 ; 1893. l\i ] 29, 98). 'I’he value of 
pv reaches a iniiiimum, and afterwards increasi's 
with increase of prcss'ure, so that at extremely 
high pressurca nil gases ar«^ much h‘ss com¬ 
pressible than IS expresst'd hy Boyle’s Jaiw 
(Nattere|^ /.r. ; Amagat. l.r.}. Tlie initial 
diminution in the value of j>v for a gas becomes 
less marked .will! rise of teinperatme. and at a 
sutneiently liigh teiiijieralun' it is not ohscrvc'd. 
In the eas('s of hydrogen, helium ami neon, this 
temperature, although consideiably abi^.c tlie 
critical jioint, is much below the ordinaiy tern- 
pcratur<‘, and the values of pr for these g.ises at 
tills lemiMTatuie steadily increase willi use of 
pressure from atmospherii; jii-cssurc upwards 
(Kegnault, Amagat. lx. ; WTohlowski, Monaish. 
1888, 9, 1997 : Witkowski, Bull. Acad. Sci. 
(W’ow, 1905, 9, 30? : ivamerlmgh Oiiiu's and 
I^^'aak. Coimu. Phys. Lah. Leyden, 1907, No. 97 ; 
Burt, Trans. Faraday Soc. 1910, 9, 19). 

These results <-an be represented fairly 
accurately by the equation of Van iler Waals, 

the magnitudes of the (small) constants n and h 
(which may be deduced from the exjicrimenlal 
values for />, v, and 1’) de]iendiug res]>eetively 
u)KUi the extent to which f^ic m<4i‘eules of the 
gas attract one another and upon their actual 
volume. Tliis equation, hesidc's representing 
the Ix'haviour of compressed gases fairly 
accurately, also gives , fome au'ount of the 
relationship between the liquid and gas(*#UH 
states. 

The equation repri'seuts the isothennais of 
a gas over a range of temperatur# including 
tlie critical point as being of the form shown 
in Fig. 1, with this difference, that those iso¬ 


thermals below tlic critical isothermal have 
the horizontal portions replaced by wavy curves, 
as indicated in the diagram by bcdef on the 
isothermal for The passage from vaixmr 
to liquid IS thus rei»resented as a continuous 
process. Tlie portions no and ef of the curve 
coiTcsjiond wilJi tlie conditions of superheated 
liquid and siqKTsaturatcd vapour rcsjieetively, 
but the portion (’i>Eof the curve, where p and v 
increase or decrease (ogellier, cannot Ik'- cxiieri- 
mentally realised. At the eriti<>al point the 
sjiecifit! volumes of vapour and liquid arc 
identual, and the wavy ]>ortion r>f ;hc curve 
theirfoie \aiu!»hcs 'riicrefore (he tangent at 
eriteal jxuiil is horizontal, i.c. dp/dv—H. 
Siiie,<', inoieover, tlie curvature <if the critical 
isothermal changes sign at (he critical tempera¬ 
ture. d"p/dv-- 0. These two rclalions give 
“ ^ and 3((i^'~ KT^(f^'-fj)-* 

the snlH.xcs deiioling cntical values; wlience 
7;/ ---'3/y and T^;.—8t'f/27f>Jv 
Suhslituling iiithcoriginal equation, pf.- a/27/)®. 
TIm' critical constants for carbon dio.vide, cal- 
culah'd by \'an der Waals from tlu'si'fonniilac, 
Mere 32-5C'., 0*IM)99, y<^-91 almos., in 

fair agr(“cim-nt with llu' cx|>enmcntal values 
39’9'^(’., ()'(HHi() and 79 atnios. l•esJ)ecti\ely. 
'I’lu- ciitic.il constants for hydiogcn wcic dotcr- 
minc<l b> Wroblcwski 1888, 9, 1097) 

in a simjlai manner iiom his ohscrvaiiiuis on 
the conqircssihility ot the gas at. lou Icmjiera- 
turcs; Ills results agree icmaikably well with 
the 4 \pcrim<-ntal values iDcwar, (’liein. News. 
1990, 81, 139) ami atToul a good mstam;e of 
the utility ol ^'an dcr Waals’ theory. For 
further infoimalion lonei-ining Van der Waals’ 
(‘(jiiation, s<‘<‘ Nernsl's ThcoretieuI (hemistiy. 

Li'(V' j<irlui)i of III' ■•^o-colhd kpcrw/aiax/f/a.sr.v.’ 
—The liquefaction of the five or six gases 
which, Faraday and others had been unable to 
Inpiefy, and Avhieh liad l>een called the ‘ jier- 
muiient gases,’ was, in the liglit of Andrews’ 
researches, seen to (hqiend iqion the jirodiietion 
of extremely low tein}K*ratiHes, since the 
lowest temjicratures previously obtained had 
been above their critical points. 

The lirst sueecssf il attempts (o effect their 
liquefaetiqn were made m ;^H77, On December 
24tli of that year, at the meeting of the French 
Aeadimy, it was aimouneed that Louis (’ailletet. 
of ChatiUon-sur-Seiiie liad liquefied both oxygen 
and carbon monoxide, whilst Kaoiil Pictet of 
(Jeiieva ha<l succeeded in liquefying oxygen 
(Compt. rend. 1877, 85, 1214, 1217,‘j22()). 

Tlie method used by Pictet (Compt. rend. 
1877, 85, 1214; Ann. ('him. Fhys. 1878, fv.] 
13, J45: Arch, des Sci. Fhys. et Nat. 1878) is 
cssentiHiply tliat Revised by Faiaday. Oxygen 
was generated hy heating potassium chlorate 
in a WTought-iron flask. A long steel tube, 
jn-ovided at one end with a stop-cock, wa.s 
attached to the flask. The aeomnulation of 
i oxygen in tlic retort and tube eifated a pressure 
of 590 atmospheres. Tfic tubt' was cooled to 
— 120" to - 140", which is Ix'low the critical 
temjieraturc of oxygen, by surrounding it with 
a copjier cylinder through which liquid carbon 
dioxide, boiling under reduced pressure, was 
ckculated. The liquid carbon dioxide was 
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obtained by compressing the gas to 4-ft atmo¬ 
spheres, and cooUng it externally by means of 
liquid sulphur dioxide, boiling under diminished 
pressure at The elaborate a}q>aratUH 

omploye<l was so designed that both sulphur 
dioxide and carbon dioxide could be liquetiod, 
eva})orated and re-hquetied re]K*atedly, so as to 
produce continuf>m Molhuj. The oxygiui lique¬ 
fied m the cooled tube, and when the stop-cock 
was opmied, issucid as a liquid jet with great 
violepee, since tlie pressure cmjiloyed was tar in 
excess of tliat actually noccssary for liquefaction. 

'I’he simple apfianitiis einpl<iYed by Cailletet 
(Ann. Cliim. I'hys IH78, lv.| io, i:t2) is shown in 
Kig. 2. The gas is introdiiceil into u glass tub<‘, 
TP, the narrow end 
of uhich consists of a 

stout capillary tuls’ 

"By means of a iiieta! 
collar, A. and tlie nut 
i:', the tills* IS screwed 
into a strong steel 
cylinder, B, |>aitmlly 
tilled witli niereurv. 

To eomiiies-' tiie gas. 

Water IS foiccd into 
tlie steel e\!iiider by 
a bvdraiilie pumji, 
through tlie copjier 
lube u, wliieh IS l.ist- 
ened by the sciews u 
and V into tlie aji- 
jiaratus: a jiressun* 
of «<-veral hundred 
atmosplier«*s can tliiis 
be iijiphed A glass 
jacki't M, and a hell- 
jar C. su]i]iorled on 
tlie plate s, surround 
till) capillary tulx*. 

The taji r serWf*s.lo 
run otT any liquid 
refrigerant in the 
jacket, M. 

With tins njipara- 
tiis (;ui)letet*liquelied 
acety lene ((hmijit. 

rend. J877, 85, 851) and nitric oxide {ihid. 85, 
J0](>)fc the latter condensing at —11“ under 
a pressure of J04 atmospheres. Methane was 
not liquefied at V under a pressure of 18t) 
atmospheres; but by suddenly releasing the 
pressure, the temperature of the gas i/fas re¬ 
duced sufficiently for liqwfaeiion to occur, 
and a fine mist of liquid methane >vas formed 
in the tube. This method was successfully 
applied to oxygen arul caibon monoxide {ifnd. 
85, 1213). The ga.ses wen* compressed to 3(.K» 
atmospheres, and cooled to — 29“. 'fhe pressure 
W’as then suddenly released, when the resultant 
cooling effect was sufficient* in both •eases to 
jiroduce partial liquefaction, a mist being 
formed of minute liquid droplets. 

The theory of the proee'-s is simple. When 
a gas expands against external pressure, it 
performs work. This work is accomplished at 
the expense of the internal energy of the gas, 
and a diminution m the internal energy means a 
fall in temperature. To obtain the greatest 
fall in temjieraturo possible, it is essential to 
perform 'the expansion with great rapidity 
in order that there may be no appreciable time 


I for the gas to acquire heat from its surroundings. 

1 The fall in temperature experienced by a iierfect 
gas when it exjiands adiabatically from an initial 
I pressure Pj, at absolute temperature 'Pj, to a 
' final pressure p^, is given by Tj-Tj, wheio 
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: (k Jenoling t he ratio of llic sjM'Cifie heats of the 
: gas), fn tlio ease of air, where 1*41, if 
I p,, p^, and 'I'j were UKl atiiiosplu'res, I atmo- 
i spliere, and 273“ abs, lesjicctively, the final 
teinperatun'Tosliould be71'5“abs.,or - 20l-5“C. 
Although this mimeiical iv^nll is neeeH.sarily 
soim*W'iiat inaceurali*, Jiwing fo the fflct that air 
undei the above conditioiiN dev lafcs considerably 
from the laws of a jx-rfci't gas, jt is suffieieiit to 
indicate that the adiablfl-io exjiaiision of a gas 
IS c'iijii^hle of ]»rodiiciiig extremely low 
ratun*.*. In Oailleti't's c\perin«1ils, I'Xjiansion 
occurred pracljcally under adiabatic conditions. 

By this jneMiml (’ailh-tet also succeeded in 
liquefying air and nitrogen, and obtained 
indications of the liquefaction of liydrogen 
(< 'ompt. rend. 1877, 85, 127tl). He also ]m*pared 
lujuitl ethylene, first obtained by Faraday, in 
large (juantities, and recommended its use as a 
refrigerant {t'ompt. rend. 1882, 1)4, 1224; 
1KH3, 97, 1115; Ann. ('him. I’hys. 1883, [v.j 
29, 153). Hy eooliiig compressed metliano 
and oxygen with this reagiuit boiling under 
liimimshed pressure, t'adletet obtaiiictl liquid 
methane and oxyg<*n in the static form ((lompt. 
rend. 1884, 98, !5t;5 ; 1885. 190. 1033). 

A period of gicat aidivity in connection with 
tlie hquelaction of gases followed the jmbUcation 
of tlu5 sucec.ssful pioneering |xpermimitH of 
I’lctet- and Cailletet, the .subjoid being taken up 
by WrobU'Wski and Olszewski m th’acow, by 
liewar at the Hoyal Institution m London, and 
by Kainerlingh Chines at Leytlen.. The Polish 
physicists occu]>ied themselves mainly in deter¬ 
mining the physical i-onstants of liquefied gases. 
'I'o olAain low temperatures, they acted upon 
Cailletet’s suggestion, and employed liquid 
' ethylene, whicli hoils at -- I02“C., as a re- 
; frigerant. They coiiqiresseil oxygen, nitrogen, 

I and carbon monoxide in a stout glass tube by 
' means of a modifiial CailleUd pump and cooled 
the gases to - 130° by the rapid evaporation 
under diminished pressur# of liquid ethylene, 
previously cooled with Thilorier’s mixture. 
Under a pressure of 22*5 atmospheres, oxygen 
: readily liquefied. The liquefaction of the other 
two gase^ was only effected by compressing 
; them to 150 atmospheres at —130°, and then 
slowly reducing the pressure, when a further 
I cooling effect was obtained. In each casts a 
[ tran.sparcnt liquid, with a well-defiiu*d meniscus, 
! was obtained (Wied. Ann. 18H3, 20, 243 ; Compt. 
.rend. 1883, 90, 1140, 1225; Monatsh. 1883, 4, 
415). The laU'r wA-k of these investigators was 
: published separately. Wroblewski, who reached 
i the temiierature of - 152°(X by rapidly evaporat- 
i ing liquid ethylene, obtained consii^rable 
quantities of liquid o|;ygcn ; he solidified nitro- 
j ^n and carbon monoxide, and obtained tem- 
I jieratures below - 200° by the rapid evaporation 
! of the corresponding liquids ; studied the utility 
’ of liquid methane as a refngeraut; obtained 
indications of the liquefaction of hydrogen: 
; and at the time of his death was engaged in a 
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study of the compressibility of hydrogen over 
a vide range of pressure and at very low tempera¬ 
tures' (Wroblewski, Compt. rend, 1883, 97, 
166, 309, 1563; 1884, 98, 140, 304, 082; 99, 
136; J885, 1(K>, 070 ; 1886, 102, 1010; Wiod. 
Ann. 1883, 20, sm); issr>. 25. 371 ; 188.5, 26, 
J34; 1886,20,428; Momitsh. 1885, 6, 304). 

The iiidepeiKh-nf investj^^almnn ‘4 ()lsz<‘uski, 
in which he HolidOied othylciio, carbon monoxide, 
nitrogen, anti nieUiauo; liquefied ()xyg('n in 
quantity and used the liquid as a refrigerant ; 
obtained indications of llie liquefaction of 
hydrogen and diOerminod the physical constants 
ot these and other gases, were .summarised liy 
himself in’lStk" (Phil. Mug. 1805. (v.l 0, 188; 
40, 262; cf. ('Ompt. rcml. J8H4, 08, .’{(*.5, 01.3: 
4884, 00, 4.33, 184. 188.5, i00, .3.50, 940; 

188.5, iOl, 2.38; Muiiatsli. 1884, 5, 124, J27 , 
1886, 371; 1887,8,60; Ann. 1‘hys. {'him. 

1880, [Ji.] 37, .%•? ; 180.5, [li.] 56, 1.33). ‘ 

The work of Dewar at the Itoyal Institution, 
from 1880 to 180.5, led to the ]Hoduetion of 
liquid air. o.xygen, &e.. in large qnantiti<‘s by 
using a Iniuefying plant construelt'd ol metal 
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and utiiliHing litiuid ethyh'iie a.s refiigiuaiit 
(Froc. Roy. Inst. IHH6, 55(); cf. ibid. 1SS4, 148 ; 
Fhil. Mag. 1884, (v.| 18, 210). Dewar eoin- 
menood a study of the properties of nuAMi*r in 
general at low {(‘mfieratures, and ip lliis eoiinec- 
tioii lie made a most valuable contribution 
towards the manipululion of liquefieil gases by 


introducing a Tessel in which they could be fept 
with the minimum of loss by evaporation. The 
Dewar flash (Fig. 3) is simply a double-walled 
flask of convenient shape, from the space between 
the walls of which the air has been exhausted. 
The contained liquid is thereby separated from 
the atmosphere by a vacuum-jacket except at 
the mouth of the'flask. Evaporation of liquid 
air and similar liquids in these flasks takes place 
only very slowly, since the heat radiated across 
the vacuous sjiaeo i.s only one-seventh qf the 
total heat winch would reach the inner vessel 
wore the jacket to contain air. If dwired. the 
! Ilasks may be silvered on t lu^ inside, thus inercas- 
iing their'eilicienev (c/. Briggs, I’roc. Roy. Soc. 

! Kdinlmrgh. 1!122, 41, 97). 

I The method of .'^elf^wilviusive refngerahon (.''O- 
j eidlid tunnurnhw yirocc.s.s-}.—The experiments of, 
I Wroblewski, Olszewski, and Dewar on the 
jirodjiction of low tcni]>eratures, jweviously 
deHcril)e<l, involv(‘d no new principle; the 
‘ ea.scade ’ method of lowiTing the tempiirature 
by stages, <»riginated by Jhetet, had been 
fmjdoyed, and at times combined with CailletetV 
f'xpaiision method, fn 1895 a new principle, 
that of jirodiieiiig <‘old by self-inten.sive refrigera¬ 
tion, was introduced almost simultaneously by 
Uam]).soii and Lmde. Rrielly, it consists in 
continuously supplying tlio gas to he-, liquefied 
to an apjiaiatus in winch it may be cooled 
l>y t*\])nnsion, aiul utilising each portion of 
gits, aft(‘r it has been expanded and cooled, 
in.l'iwoiing tlic initial icmi»eralure of the gas 
about, to f)e expanded, until the cumulative 
clTcet of the cooling jirocess is sufficient to 
piodiiee liqiiefacti<m. For this purpose, the 
liighly compressed gas a^the ordinary' tempera- 
t uio iH passed downwards through a long copper 
spiral tube, expanded through a throttle valve, 
and the issuing gas passed upwards ^over tlio 
exterior of the coppiw lulie.# *' 

For a de.scription of Linde’s liquefying plant 
i It the Ihigineer, October 4,1895; J. Soo. of Arts, 

1 1897, lOfti ; cf. also Eng. Ihit. 12528,1806; Ann. 
i riivs.(•’hem. 1895,[ii.157,.328; Her. 1899,32,925). 

! 'J'Ik' general arrangement of HampBon’s air- 
I liquelying plant is indicated in Fig. 4. Air is 
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drawn into the oompressor through the largo 
purifier, containing slaked iitno to absorb 
carbon dioxide, and compressed in two stages 
to 150-20(» arinoaphcres. The oompressor is 
water-cooled to remove the heat generated by 
oomprosfiing tbo air. The air is then forced 
tlirough a separating vessel, in which most of 
the water used as iuliricant separates out, and 
afterwards through the high-pressure purifier 
containing iKdassmm hydroxide, in winch the 
remaining water and carbon dioxide are com¬ 
pletely absorlxMl. The purified air then enters 
the liquo^ior; that which passes out is usually 
returned through (he low-pi’essiirc purifier (o 
the I’omprcNHor, and used again. The puritiers 
do not then hii\ c to ho V(;ry often rclDled' 

The Hatnpson liipi^fier, nianufaiiturcd by 
the Britisli tlxygcn Co. (Kiig. Tat. lOlfif). 
“1805; 777:1, 1808; d. Soc. ('hern. Ind. 1808, 17, 
411), is shown m section in Tig. 5. In designing 
it, the fidlowing points wore ke]>l in view: 
the necessity for having a largo, exposed surface 
of material of high thermal conductivity between 
the compressed and «*xpanded air, ihe (lnekni'ss 
of the innteiial being diminished as far as 
pof'sihle; the de-siraliility of having both com- 
jircssed and ex])anded air in .small maasi's in 
close contu'it with tlie conduotuig material, 
and of reducing the total mass and volume of 
this heat inUrrchanger to the smallest possihlo 
amounf, in order to miiutnise the mass of metal 
to be oooh-d down with tlie gas, and ]>revent, 
as far as po.ssible, any aeeeas of heat from the 
surroundings. The immdier <;onsists of four 
copper coils, n, wound co-a.Kially about a spindle, 
n, and joined at their lower ends to a valve, c, 
whii-h may ho opened or i-iosed by turning the 
hand wheel T. attached to the toji of the spmdle. 
A metal chamber, a, soldered directly to tlio 
casing of the coils, serves to oollectt the liquid 
air, TlTe wliol# is^ne-losed in a metal chamber 
and the spai'O between this jacket and the 
casing of tfie coils is filled with non-coaducling 
material. 

'Phe purified air, the pressure of whicli is 
indicated by (ho gaiign o, enters tbi; liquelier 
through A, travi'Is down fh<“ coils and is allowed 
to escape through the valve c. The released air 
immediately expands down to njiproximately 
atmo’aphenc pressure, rtlid travels back over 
the exterior of tli^ coils b, finally jv^ssing bock 
into the compressor or directly into the atmo¬ 
sphere. The expanded air acts with •a self- 
inteiiHifying cooling effect on the compressed 
air which is passing down through the coils, 
and in from fi to 10 minutes part of the air 
begins to liquefy and collect in 0. This receiver 
is erajitiod by turning the wheel t, which opens 
the valve p, when the liquid flows down the 
hollow spindle a into a vacuum receiver. A 
gauge H, connected by th% tube j#with the 
receiver 0, indicates the amount of liquid in 0. 
About 14 litres of liquid air iier hour can be 
obtained with an ordinary liampson appaPaius, 
and no auxiliary refrigerant is required. The 
interchanger acts so perfectly that the air wbioh 
leaves the apparatus is only about i® colder 
than that which enters it. About 6 p.c. of the 
air passing through the apparatus is liquefied. 

In the liquefying machines of Hampson 
and Linde, the work done against atmospheric 
pressure as the gas Hows along after expansion I 


is not. performed by the gas at the expense 
of its internal energy; the necessary energy 
is continuously supplied by the compression 
pump. A steady stream of gas at high 
pressure is pumi)ed continuously into the'coils 
of the liquefier, and after pa-ssuig through 
the valve, is converted into a steady stream of 
gas at low pressure. There is a slight thermal 
I'ffect due to the performance of exUTiial work, 
but its magnitude only depend.s upon ihe extent 
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to which Boyle’s is in error in representing 
the compressibility of the gas. It may be 
calculated from a knowledge of the specifio 
heat of the gas and its compressibility, and at 
ordinary temperatures amounts to a slight cool* 
ing effect with all galbs except hydrogen, helium, 
at^ neon. The main thermal change, however, 
is duo to free expansion of the gas, and work is 
done in increasing the mean distance between 
the molecules of the gas in opptwition to the 
forces of molecular attraction. Inis is performed 
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at the eipenw of the internal energy of the gaa. 
The Bubject wan studied experimentally by 
Joule and Thomson (Phil. Trans. 1863, 14.1, 
357; 1864, 144, 321; 1862, 152, 679) for a 
number of gases, and a slight cooling effect 
was found to be the net result in each case at 
ordinary temperatures except for hydrogen. 
The fall in temperature was proiMu-tJonal to 
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the fall in pre.ssuro (up to 6 ntmos])heres), and 
varied approximately as the inverse square of 
the absolute Uonperature. ' At 17'i°(’. the faV 
in temperature for air is 0-2r)5‘'( ^ j»cr atmosphere. 

There is a temperature at which the tliermal 
effect produced by free expansion (the Joule- 
Thumson effect) i.s zero. According to Olszewski 
(Phil Mag. 1902, Lvi.1 5, 536) this is ~80*5“C. 


for hydrogen, and below this temperature 
hydrogen is also cooled by free expansion.^ The 
‘ inversion temjieratures ’ in the case of air and 
nitrogen arc cc^nsiderably higher than ordinary 
temperatures, and ajqw'ar to vary with the 
initial iiressure of the gas (Olszewski, Bull. 

I Acad. Sci. Cracciw. 1906, 792). 

I Ti» liquefy hydrogen (ami lielium) it le 
1 therefore neccHsary to <-ool the gas strongly 
! before apjilying the Keif-intensivc cooling process, 
i It wa.s by tins means tbat Dewar (Ohein. News, 

I 1900, SI,' 136) lirst «m(<-e<led in c(»l]ecting Inpiid 
! jiydrogen. 1’ravers (Phil. Mag. I901|, |vi.| 1, 
411) !i.n<i (Hs7«‘vvski (Pull. Aead. S(i. (’rm^ow, 
1902, 6PJ; 1903. 241) have since ileseiihed 
niotlilied Manij)''<»n liqiieht'rs for ])re])aring 
liquid liyilrogcn, in w hnji llie liyi'Higen is cooled 
by liquid an and then allowed lo cxpaiul tlinnigli 
a s]M‘('ially <-on.''l r iicled valve. Pv tooling 
lielnim to tlic temjicratiirc of liquul hydiogcii 
and fiien apjdying the sell-inlmisifying proeess, 
KameHiiigh dimes (Coiiipl. icikI. 1908, 147, 
421 ; Proc. L. Acad. U’«-!enscl). Amsterdam, 
1908, IJ, 168) siicrrcded in obtaining lieliiim 
; ui (lie Inpnd state. 

The hydrogen liquelaT designed by I'ravers 
j and maniifaetured bv the Pntisli O.xygen ('om- 
; ]»any. is showni in Pig. (>. I'ni'e dry liydrogim at 
; jr>0-200 atmospheres ])iessure, enters the lower 
end of the loit.s a and is cooled by tlio ctdd 
1 hydrogen ndinning to the gas-bold<‘r. If. then 
I jjasses into the top ol the culls in the (luuiiber b, 

! wdu( li is Idled wdli liquid air. and by the 
; time it lias leached the bottom of the coils it 
i IS cooled t<i - 190^('. 'J'h(‘ <old gas has its 
I temperal lire lowered to below' —200 '('. ns it 
j ]>a.sses through tlie coils in chamber r. W'Kicli is 
j connected by the jupe ii to a vacuum jaim]), and 
j in w'hieh liquid air is boiled under diminish(*d 
! |)ressure. The hydrogen then expands througli 
I the valve F at tlie end of t lu‘^r«‘f,cnerat»h‘-eoil k. 
j The cooling-elleet is self-intcn.sitied in the usual 
i way, tly* cooled gas jiassing upwiirds over the 
j cods E, and the outsides iff the chainhms b and o, 

I linally cooling the (‘Oil a as it jiassi's out of tlie 
; apjiaratus. 'I’lii* roils n, r, and K^ire enelosed 
'in a large, silvered vacuum-jacket. Jjiquid 
I liydrogen ecdlects in the vacinim vessel K, whicdi 
1 IS enclosed in a s].>ceial box, binged at li, to the 
supporting column slid jmivided w’ith glass 
wiiulow.s. ^ , 

j (Jlaudc'fi proccs.s- for /o/uc/vria/ goficn .—The 
I coolinj^ cfli'ct. produced when a gas expands 
witJi tlie perfonnance of external work is much 
greater than that wliieli is pioduccd by the free 
expansion of the conijiresscd gas. Meclianical 
difUo.ulties for many years prevented this cooling 
‘ effeot from being intensilied by riuidering the 
process continuous, but it has now been effected 
by t'laude. I’lie process, as worked by C3aude 
for tlie liquefaction of air, consists in compressing 
the air to 40 or 60 atmospheres and dividing it 
into two jKirlions. One of these is expanded in 
a cylinder to 4 or 6 atmosjiheres, jierfonniug 
external work and thereby becoruing cooled, 
and this cold air is then used to cool the other 
part, which can be thereby liquefied. This 
method, wdien apjilied on a large scale, needs 
less power than the Linde process; more* 
i over, it may be u.sed as a means of producing 
! a low temperature preparatory to applying the 
i ordinary self-intensive refrigeration method 
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(Claude, Compt, rend. 1000, 131, f)00; 1002,: 
134, 1568; 1005. 141, 762, 823; Eng. Pat. 
27658, 1902; Pr. Pat. 322107, 1902; Linde, 
J. Soc. Chem. Ind. 1911, 30, 744). For further 
information concerning Linde and Claude’.s 
processes, f. Oxygen. 

Literatwe. —Hardin’s Rise and Development 
of the Liquefaction of Oases ; Sloanc’s Liquid Air 
and the Liquefaction of Gases; Ewing’s Mechani¬ 
cal Production of Cold; Travere’ Study of Gases; 
I’restim’K Theory of Heat; &e. 

LIQUEURS and CORDIALS. The general 
eharacUu'8 these biiverages Jiave already been 
desevibed uiuler Ihe heading Cohdials am» i 
LiguEUKH (vol. 11.). the toriner term being usually 
applied to British prcpanituuis and to such as 
have only one elmraclgisiie Ihivouring in¬ 
gredient, and the latter to the foreign varielh's 
vvhicli are usually of a more comjdex character. 
Tile term liqueur is also ajiplicd to certain 
Wines and sjurits remarkable for tlieir bou<(Tiet. 
as ‘ Tokay,’ ‘ Liqueur brandy,’ &'c. Ihilerf^ are 
generally classed conimereialty with luiueuis and 
cordials, and eoiitam one or mori' ingredients sU})- 
])o.scd to jiossess tonic and mcilic.inal projierlics. 

ill aiK'ient timi*s, lii|neuis consisted merely 
of wine llavourcd \Mtli sjiices (aN cmiiamon) and 
sweetened with lioney, and in the Middle Ages 
various aromatiu herbs (as absinth, liyssop, ^:e.) 
v/ere employed m a similar manner, the product, 
bi'ing known as ‘ wine of l.erbs.’ The ‘lirpion ’ 
of Italy vtcre, however, Hie true proluty|H‘s of 
the modem hquetir, as the Italians were the first 
to extraiit the aromatic jmncijiles of the roots, 
leaves, tlowers, frmt, and seeds of jtlanis by 
means of spinl. Sometimes gold or silver leaf 
in a lincly divnled stale was added to Ihu liqueur, 
not only to give lustre, but also because of certain 
mcdieinnl virtues lhes«‘ metals ^\ere sujiposi'd to 

JlOSSCSH. 

At tlie*preseiiWtiiue. France \ - jxir eirdhiice 
tho home of the Inpieiir, ami some of llie most 
celebrated varieties liave origimited at certain 
monasteries whu li formcily derived considciable 
revenues from their manufacture and sak‘. 
Jienidxetiue, (UwtrlriU»(\ Truppxstine, &<•. Dther 
countries have their s}ieeiul ]>reparutions as 
Anisette. d'Holloiide and Creme de (temeote 
(Holland^, Allimeh and Kummcl (Itussm), 
Alkirmls (Italy), Mareu^chkto (Dalmatia), and 
the various 6’twDai^s of the United ^States of 
America. 

The number and variety of liqueurs* and 
cordials is very great but the lies! known are 
comprised in the following list:— 

Ab.unih Gura9oa 

Advocaat Gin (sloe, A’c.) 

Alkermes Kirsch 

Allasch Kiimmel 

Angostura (bitters) Mara.soliino 

Anisette Noyiu ♦ 

Benedictine Parfait Amour 

Brand}' (cherry, &c.} Peppi-rmint cordial 

Chartreuse Rptatias 

Clove cordial Trappistine . 

Cocktails (American) Vermouth 

Cr^me de Menthe t Whi.skey (elierry, A’c.) 

In the manufacture of liqueurs, the purity 
and good quality of all the ingredients used is a 
matter of the lirst importance. The spirits 
should be highly rectified spirits of wine as free 


as possible from fusel oil and free acid; the sugar 
of the finest white crystals or sugar^oandy ni^e 
into a clear syrup with distilled or pure soft 
water; glycerol (wherf employed) should be 
higlily refined and colourless; and all the 
flavouring ingredients [c.g. flowers, fruits, 
rinds, roots, seeds, &e.) should be sound and 
well-dried. 

The simplest method of manufacture, 
adopt(Ml for the commoner kinds of liqueurs, is 
that, of merely adding essential oils to the spirit, 
ami then llie necessary amount of sugar syiuji 
or glycerol. 

The essential oils should be recent ly distilled 
and dissolved m from .5 to 19 times thgr ueiglit 
of aleohol Indore Is'ing aihhsl. 'I'lie jiarUeuiar 
Ihivoiir requiri’d can thus be better attained and 
(cloudiness or iiulkiuess of Ihe finished Ihpicur 
avoided. 

The Kner qualities, however, nj'e madf by 
maecralmg tin; llavouring ingri'dients in spirit 
of about to 9(1' aleoliol by volume and dis- 
tifimg the infusion. 'I'he distillation was 
formerly (‘ondueted in c’opjier stills heated by 
direct tin', llicn double-bottomed copjK'rs were 
(Uiiploycsl, and subseqiuuitly a watijr-bath added, 
but now steam-jacketed stills only are used in 
tlio largest liqueur factories, 'j'lio middle 
portion of llio dislillale is used lor ihe liiiest 
liqueurs, the first fractions being rough and the 
last infeiior in character. Syrup is adilial and 
soimdimes glucose or glyierol to give density 
and imjiart a ‘ velvety ’ eharaetor to the liqueur, 
and the whole is heated, well mixed and diluUHl 
with water, afU'r whieli filtration and ‘ lining ’ 
may be found necessary. 

Liqueiir.s ar«‘ often chiHsifhal in France 
according to the jiroportions of spirit and sugar 
used, (.(/. ‘ cremes,’ ‘ hiiil(*s,’ or ‘ baunies,’ which 
are heavily sweetened to a thick oily eoru^tiency, 
and ‘eau'x,’ ‘eiixiis,’ and ‘ extr/iits,’ which arc 
jierfeetl.v liiiijiid and less liighly sweetened. As 
a rule, the same jn-ojiorthuis are (unployed for 
the same (jualily of liqueur. The following 
grades may be taken us typical:— 



Onliiuiirt! Iieniilinc 

Kino 

Hurline 

Alcohol at 8.') 

' 2.'i htivs 2K 

32 

36 

iSiigJir 

121 kilo.s 25 

371 

.50 

Water 

67 litres 57 

46 

34 


U will he observed that in the sujierior grades 
tho proportions of alcohol* and sugar are in¬ 
creased with a corresponding diminution in th% 
projfoition of water. 

Tlic flavouring ingredients are extremely 
numerous ftiid varied in cliaractci^ and their 
nature and jirojiortions used an*! jealously 
guarded by Hie manufacturers as trade Beerets. 

'(’lie essential jiriiicijiles arc extracted by 
infusion with Ijot sjurit jfif tho aromatic 
jirinciple is not too volaiil^, tho ingredients 
being first moisteiioii with boiling water; or by 
maceration with cold spirit which may require 
hours, days, or even many months, according 
to the solubility of the essential principles; by 
dige8tio7i or jirolonged infusion or maceration in 
he^netically dosed vAsels v/hen the aromatio 
princijilefl are extracted only with difficulty by 
cold alcohol; or by distillation when only the 
natural essential oils or other volatile flavouring 
constituents are required. The following plants 
should always be distilled by steam: aliinihf 
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anise, halma, camimy, cilroneUay fennel, juniper, 1 
hyssop, lavender, melilot, mint, oranye, rose, sage ,! 
and thyme. ■ ! 

Aromatic tinctures* for use in flavouring ; 
Jiqueuns arc KometinicK jirepared l)y a kind of ! 
fractional filtration. The ingredumts in a finely I 
divided state uns made into a pahto with spirit 
and pla<;ed in a large funm‘1 jitugged with cotton¬ 
wool. Alooljol IS poured in and th<' extract 
allowed to filter through drop by drop. The 
first portions are the purest and strongest, those 
following decreasing in flavour until the latter 
becomes too weak or even foreign in character. 

Careful mxriiuf is csbcntial to the succcysful 
maimfaq^urjj of hqiu'urs. 'I'wo wqiariite vessels 
should he einj)loye(l, the one for lh(! <*.ssem'cs or 
flavouring ingrcdi<‘nts dissolved in about lliree- 
quarters of the lotui anumnt of ah’ohol required 
by the fonniila, ainl the oflier containing tlie 
syrtVp togclh(*r with the ri’st of tin* alaoliul. In 
this way the danger of the aromatie pnncijdes 
being thrown out of solution on the addition, of 
the syrup is obviated, and the process of clarifica¬ 
tion expediUid. The aihmxture sliould always 
be made in the cold to avoid Joss of the llavoiirnig 
prinoijiles, and the vessels may be luirinetically 
sealed and provided with u scale or gauge rod 
to iudicato the (juautity of the ingredieuts 
admixed. The liqueur should rest for souie 
days after mixing, and any defects, delected by 
taste, remedied before colouring, clarifying, or 
filtering. 

Fxllralion, when necgpsary, sluuild be con¬ 
ducted as quickly as possible. The <tlder 
methods with cotton, jiajicr, or wool in eop])er 
or tin filters arc slow and result in loss of spirit 
and flavour. A blotter method is to use jiajicr- 
pulp brought to the consistency of thick soup 
with some of tlio Injucur to be eloared. This is 
added«to the bulk of the liipieur and the whole 
passeil through a hair sieve. Natural ch-aring ! 
is host if time permits. i 

CUirifu'.aikm or 'collage' with ‘fining’ 
materials is best avoided if possible, huf. is often \ 
necessary. 'I’he principal materials and the ‘ 
proportions used ar<* as follows; ullumcn ,; 
white of egg (oiu* egg for every 10 litres);; 
gelatin (30 grams per 100 hires); isinglass ; 
(10 grams per iOO litres); milk (1 litre boiled in i 
100 litres, with 1.5 grams of alum). Animal or 
vegetable carbon, alum, nitre, and various 
‘ filtering powders,‘as ‘ Poudn^ Leheuf/ are also 
<omployocl. For coloured liqueurs, which are 
apt to suffer by this treatment, filtration is 
preferable to ‘ (collage.’ 

Liqueurs containing various flilvouring in¬ 
gredients iniprove by keeping, as time is re¬ 
quired for the intimate blending of the various 
substances in solution. 'J’hc effect of this 
‘ maturing ’ is ^ificially brought about in 
ordinary liqueurs and those intended for imme¬ 
diate use by a process t'uiown as tranchnge, 
which eonaiets either in heating in a water-bath 
to about boiling-point, or by sucocssive coolings 
with )oe. The object is to suppress the pene¬ 
trating flavour of the new spirit and to give a 
smooth uniform oharadter to the product so 
that none of the different flavouring ingredients 
can be individually recognised. ITanchage 
shoidd carried out before the coloration, 
•olarifioatiun, or filtration of the liqueur. 

The place of storage of liqueurs should be 


kept at a uniform temperature of 15* to 20* and 
the liqueum protected from strong light or 
direct sunshine, as this affects the colour, fre¬ 
quently causing it to ehai^c or to be preoii»i- 
tated. 

Bitters ape considered to be tonic and 
stomaoluc and to improve the appetite when 
taken in moderation, 'riiov are prepared by 
maceration without distillation. The sub¬ 
stances most (iommonly used are cascarilln, 
gentian, orange peel, quassia and wormwood. 
'I'he best known preparations are Ailgoatura, 
Khoosh, orange, and peach hitters^ A funda¬ 
mental jirmciple in most bitters is gentian* A 
hitter made according to the folittwing formula, 
which re])rcsciils the proportions necessary to 
make 20 gallons, njay bo taken as typical: 
0 lbs. gentian ; 5 lbs cinnamon; 5 lbs. caraway 
; seeds; 1 Ih. jumper berries; .1 lb. cloves. 
Macerate in spirit of about 00'^ (or 00 p.c.) for 
Kf or 12 days; strain, filter, add a syruji con¬ 
sisting of 10 lbs. of sugar to 13 gallons of water, 
; and colour with cnchinoal. 


English blVers may bo made by digesting 



8 ounces of ('ardnns bnie.dietns, 8 ounces of 
centaury, 8 ounces of wormwood, and iounces of 
; orris root, with 12 gallons of spirit about proof 
strength, filtering and sweetening with 12 lbs. of 
; sugar 

Jn llic following brief description of the best 
' known liqueurs and cordials, the formulat given 
; are not intended, in the case of proprietary 
articles, as Angoslura. ('hirirense, &c., to rc- 
prosent llie exact composition or mode of 
preparation of tlic liqueurs originally known 
under Ibese names, and the manufacture of 
W’liich IS carefully prestTved as trade secrets, 
hut only to servt' as a guide to the preparation 
of a more or less successful knitation or substi¬ 
tute in each instance. 

Absinth (<-. article Abstn'ih in vol 1.). 

Angostura. A woH-known ‘ hitters’ originally 
made by tlie dapuchin Friars’ Mission on the 
river (‘aroiu in South America, and called after 
the ancient nanus of a city in Venezuela, now 
Bolivar. 

As originally made the essential bitter prin- 
ci}>le was cxlracteA from the bark of 'a plant 
i belonging to the order JRx^^acea, genus Gaiipea, 
whicli has valuable febrifuge properties. The 
• foilo-wing formula is taken from the Scientifie 
! American (’yclopeedia, 1903 : 4 oz. gentian 
I root; 10 oz. each of calisaya bark, Canada 
' snake root, Vii’ginia snake root, liquorice root, 
1 yellow bark, allspice, dandelion root, and Angos- 
I tura bark; 0 oz. cardamon seeds; 4 oz. each 
! of Tolu balsam, galanga, and Turkey rhubarb; 

! 1 lb. each of orange peel and alkanet root; 

; oz.< each of *earaway seed and cinnamon; 
i ^ oz. cloves; 2 oz. each of catechu, ooriander 
; seed, nutmegs, and wormwood; 1 oz. mace ) 

I If lb. red sanders wood and 8 oz. turmeric. 

; I’he ingredients are pounded and macerated for 
15 days in 50 gallons of proof spirit, 30 lbs. 

; of honey addei aud filtered. This formula 
i does not purport to represent the composition 
of ‘ Angostura Bitters ’ as made t-o-day, which 
is the registered title of a proprietary article, 
the ingredients in which have not bwn made 
known. 
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Advoeaat, a spirit made in Holland from substituting these spirits for brandy. The 
spirit and yolk of eggs and sweetened with strength is usually from 60 to 76 p.c. of proof 
sugar. 'Fhe average Htrengtli is about prot)f. spirit. 

Aikermes. a, liqueur originally made at Clove cordial nuiy be prepared by the foUov,- 
Florenoe and hiehly esteemed in the South of iug formula: Bruiaod cloves, 1 o*. or essential 
Kuropc. The original formula for the Alkermcs I oil, 1 dram to every 4 gallons of proof spirit, 
de S. M. Novella i.s as follows : Ray leaves and | Jf di-stillod, this should be done over a quick 
maoe, I lb each; nutinega and cinnamon, 2 oz. lire. 'J'ho necessary deep colouring is soinetiines 
each : cloves, 1 ok. all bruised : cognac brandy, I obtamod by means of poppy dowers or cochineal, 
gallons; macerate for 3 weeks with frequent j but more commonly with"brandy colouring or 
agitation. Distd over 3 gallons ; aiid IK lbs. of ; red sandera wood. Tlie cordial is unproved by 
clarifiea spirit of kermes and 1 pint of orange : the addition of i dram of bruised pimento (^r 
flower water, mix well and bottle. 5 drops of the oil for every ounce of cloves, H 

Allasoh, a superior kind of kumniel (^.n.) ! is sweetened witii about 3 Ib.s. of sugar to the 
flavoured witlt caraway si'cds, bitter almonds, gallon. ^ , 

angelica root, anise, ins root, and orange peel. ; Cr 6 me de Menthe is one of the most jiopular 
It ia usually snpersaturaV'd with sugar wbiob | liqueurs in the United Kingdom and is typical of 
crystallises out in the hnishcd luiueur. vStrengtli , the class of ‘ cremes,’ which are highly sweetened 
about 25 u.p. oi' 43 p 0 . alcohol by volume. i and usually flavoured with only one charucter- 
Anisette. The principal varieties. ddTmng ' istic iugA'dient, eg, creme d’anis. cacao, faf 6 , 
somewhat in the flavourings used, are AinTcHc menthe, noyau, orange, the, vanille, kc. 
dWmsl^rdam and AuMlc de Hordmvr. 'I’his , 'I'ho inferior grades are mode by flavouring 
liqueur may he made as follows : -1 oz. aniseed ; ' plain spirit with essential oils without distilla- 
1 oz. each of coriander and sweet fennel si'cdh tion whilst the aujierior qualities are jiroduced 
bruised ; i galhiTi of rectified spirits and 3 quarts by mucerntuig the flavimnng ingredients (which 
of water. Maci'ratc 5 or (> days, disfd over ' sometimes include small quantities of others 
7 pints and sweeten with 2} lbs. of ])ure sugar. ' liesidcs the principal one characteriatio of the 
The alcoholie strength of anisette is usually , liqueur) with aleobnl and subsequent distdlation, 
aliout 52 p.c. of proof .spirit or approxirnatidy ‘ sweetening, ami colouring. 

311 j> c. of absoluti' alcohol by volume. i Tho following recipe lor Cremo de Menthe is 

B6n4dictlne, so oslled from a monastery of i given by l)c Rrevans (The Manufacture of 
this order in the noith of I'Tance where'the I Liquors and Preserves, New York, 1893); 
liqueur was first made. It is now ^iroiluccd on^ i J’cp))crnunt, bOO gr^is ; balm, 40 grams; 
large scale by a company at KiM-amji, at a unn [ cinnamon, 20 grams ; sage, 10 grams ; orris root, 
form strength of 75 p.c. proof sjiirit or 13 p.c. of 1 10 grams ; ginger, 15 grams. 'I'hose are distilled 
alcohol. I with 5 litre.s of alcolml at 85'^, tho distillate 

This liqueur may bo prejiarod by the follow- j sweetened witli 3-75 kilos, of white sugar, and 
ing formula: cloves, 2 grams; nutmegs, 2 ' made up to JO litres. 

grams: oiimamon, 3 grams; balm, peiqiermint, 1 Curafloa, so called from the principal island 
fre.shly gathered angelica and genopi of the Alps, ' of the i)utch West Indies where the |iieculiaT 
each 25 gru ms ; •calamus, 15 gram?; carda-j oranges used for tho manufacturf of this liqueur, 
moms (small), 50 grams; arnica flowers. 8 1 and known as ‘('ura 9 oa apples,’ arc obtained, 
grams, 'Flic inalcriHls are crushed and tnacc- i These are used licforo ripening and arc cx- 
rated for 2 days in 4 litres of alcohol at S5^; \ ceedmgj^ bitter. 

3 litres of water ailded and the whole rlistilled, j 'Fhc liqueur is now made chiefly in Amster- 
taking over 4 litres. A cold syrup made with i dam. The dried peel is rasped to a finely 

4 kilou. of sugar and 2 hires of water is added, 1 divided condition, macerated for several days in 

the mixture brought up to 10 hires with water, dilute spirit and distilled. A tincture made 
oolourofl, and filtered from various spices as cinnamon, mace, or 

Brandy (apneot, chefry, ginger, lemon, cloves is often added to the distillate, which is 
orange, peach, rasi^lierry, &c.) liy macerating then sweetened with syrun and coloured as 
the fresh fiiiits often for prolonged periods or desired with Brazil wood, saffron, or caramel, 
mixing the juico with brandy, and sweetening Theflavourissaidto be improved bytheadditi<Hi 
with sugar syrup. Frequently oseontial oils arc of about 1 p c. of .Jamaica rum. The alcoholic 
used, as ginger-brandy oil, essence of lemon, strength varies from 60 to 75 p.c. of proof 
&c., and plain spirit instead of grape brandy, spirit, the &.veragc being about 60 n.e. proof or 
Qi% and whislt^y are similarly used for the approximately 35 p.c. of alcohol by volume, 
preparation of fruit liqueurs, as sloe gin, cherry Tho following formula is given by D© 
whiskey, Ac., and, as in the case of brandy Brevana: rasped skins of 18 or 20 oranges; 
liqueurs, plain rectified spirit is commonly cm-* cinnamon, 4 grams; mace, ^^ams; alcohol at 
ployed instead of gin or wbislfty. '• 86 *^, 6 litres; white sugar, 1^ kilos. Macerate 

Chartreuse (tfec vol. I.). for 14 davs, distil* without rectification, and 

Cocktail, a compounded drink much used in colour with caramel. 

America. The spirit basin is brandy, gin, Klrseh (see Kieschwa’ssee). 
wh^key, or other spirits, and the different Kummel, a liqueur made chiefly in Russia 
varieties, depending ui>on the kind of flavouring end to some ^ixtent in the other countries on 
used, are very numerous and sold under fanciful tba shores of the Baltft. Tie principal flavour- 
names. A bottle of brandy cocktail may be ing ingredient is caraway see^ The inferior 
made as follows: one-half brandy; one quarter grades are, as usual, made from plain spirit and 
water; and a wineglassful each of bitters, essential oils, and the superior queries by 
cara^o^ and gum syrup. Whiskey and gin maceration with spirit followed by distillation, 
cocktails may be made by the same recipe, The following formultt indicate the quantities 
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neecHsary to make 20 pallonR:—(«) inforif>r 
quality: 7 jjalloim of spiritH of wino; { lb, 
essential oil of caraway seed; 11 drachms of fcjinel 
seed oil; JT) drop.s of bitter alnumd oil; syrup 
made with 40 lbs. of sugar in 12 gallons of water. 
When fined with alum or soda solution, it is 
ready for iiso. (6) »Su]M-nor fpiality: 4 lbs. 
caraway seeds; ^ lb. leniud; 2 oz. of Florentine 
ins root. These arc inaeerated with 10 galloiiH 
of spirits of wiiu' and H gallons of water, and 
distilleil. I'lu' first jiart of tin* distillate is set 
asidi* L'caiise of its rough eliaraefer, and about 
8 gallon.s are then distilled ov«‘r for making the 
line kuininel, the last fijo lion of .*{ or 4 gallons 
iMMiig iiacfl for tin* infrrior grades. To I lie 
niiddlo fraenon a syni]> m.-ide willi 00 lbs. of 
sugar in 10 gallons of \Vi\t» r is added, and llie 
whole well mi\ed in an opi-n heated vessel. Tlie 
liquor is then eooled and nia-de up witli water 
to gallons, it may b<* lined witiMsinglass 
and stored to mature and inelhiw. 

'l’li<‘ strength of kuniUK'I vanes eoiisiderahly. 
viz. from about (iO to 100 ]).e. <»l |irt)of spirit, tiie 
averagi* being 7o p.e. ju'ont ei|iii\aleii( to tit ji.e. 
of alcohol by volume. 

Maraschino. Tins lujueur was origimilly 
made at /ara in Dalmatia from tin* wihl huini-sia 
clierry. 1’lie jiiiee was f«'rmenl(‘d, distilled, 
aged for two or (hn'o ycaiN. and subsequently 
made into liqueur by diluting with syru]) Suidi 
liqueur UHiially eontains ,'{0 p.e. to 41 ji.e. uleolutl 
and 2l) t(» .‘hi p.e. sugar. Th<‘ mar.iselnno pre¬ 
pared from tlie marasea^heiiy has a debeafe 
fragrance, quiti* ili/lerent tnuii jiroduets pre¬ 
pared in n .RimiJar way from otlier varieties of 
cherry or otlu)r fruits. Jt <‘oiitains Iraee.s of 
benzaldehyile and of hydioeyauie acid, hut 
usually no added llavouring malter.s. (iemune 
marascliino diluted with water, then saturated 
with i«itdium hi.sulphite and extiaeted with 
other, impart.s^ its original (tdour to etlier, 
French, Dutch and American mara.sehinos have 
gmierally an enlir<“ly rldferent tlavoui from the j 
J)almatian juoduel and are uiad<* by feriuenfing I 
other varieties of eherrie.s with or without, tlie ! 
addition ot other Iruils (Uiley and Sullivan). 
Other flavouring ingredients lU’r* now commonly 
UH('d, as cherry icaves, Kiiseliwasser, jieaeh 
kernels, orris root, ras[)l>errie.s, vanilla, iVc. 

Imitation maraschim* may be ma<Je from 
plain spirit tlavoured with InfbT almonds, 
ruH})berry juice amniraiigr' flower water, or with 
wsenlial <uls as neroli, noyau, jasmine, and 
vanilla. 

The strength varies from a,") to 75 ]i.e. of 
proof spirit, average (it) p.e. jiroof ;g) ]).e. of 
absolute aleMiol by volume'. 

Noyau is distilled from brandy macerated 
with or distilled from hitter almonds, Bometime.s 
with the addition ^f other flavourings as eiima- 
mon, coriander seed, ginger, inaee, and nutmeg. 
The almonds are oeeasiqnally ri'plai'ed by 
apricot or peach kernels or by oil of bitter 
almonds or its substitute nitrobenzene. The 
flavour is due chiefly to the jiresenec of prus.sic 
acid and the liquor should the^'fore be used 
sparingly. It is frequenfly coloured pink. » 

PaHait amour may l>e made by flavouring 
spirit with tlic peel of 4 lemons, 1 tlrachm of 
essence of vanilla, and 3 lbs. of sugar to the 
gallon, cohmring with cochineal. The essences 
of lemon, cloves, and mace are also employed 


in some varieties of this liqueur. The average 
strength is bU ]>.c. of jiroof spirit or 34'.5 p.e. of 
aloohoi by volume. 

Peppermint cordial (known also as ‘ Eau des 
(diasseurs ’ or ‘ Sportsman’s cordial ’) is prejiared 
from ml <*1 |H“pjiciniint, iilain spirit, and sugar. 

; The following is a reeijie for making KM) gallons : 

Knghsh oil of pcppennint. .5 oz,, is added to 3 
I pints of rccti Ill'll spirits of wine, well shaken, 
i ami placed in a cask <-apablc of holding 100 
I gallons. 3ti gallon.s of jM-rfcctiy coloiirle.ss and 
iliivourlcss sjiirit at proof strength are jidured in, 
and the wliolc ucll shaken for 10 minutes. A 
.'■oliilion of ])urc sugar, 21 cwt. in alxmt 35 
gallons of pine soft water {prcfcral>ly filtered 
ram w'alcr) is added, and IIh* iiintcnls of the 
cask well rummage d *for J5 minutes. }Sufiicient 
Wider to make flic quantity up to UK) gallons, 
and '■ontaining .5 oz. <•! alum in solution is next 
added, and the whole again well agitated for 
11 ^Jiiiirtcr of an Imiir. 'I’he cask is llu'ii bunged 
down iiiii! allowed to ri'st for a fortnight. 

On a small soide, p«q>permint cordial may be 
prepaicil by taking a pint each of ]>ep)>erimot 
watei and gin or jilaiu spirit of about 2t) u.p. and 
lulding j lb. of .sugar. Piqipernunt water is }>re- 
jiarcfl hv macciating pej»perinint. flowTrs in 
about 4 tinie.s tlii'ii weight of water containing 
about 5 p e. of sidt. 

Ratafia. This term is iipjilied to liipiems or 
(•(udi.d.s IIm' l»asis of which is llie juice of fruits, 
ohlained eilhei by niiiecudion or simjile [»res- 
siire. One of the most juijiortant is Katatia do 
Oa.ssis, made fr(»m black currants, but other 
]mlpy fruits, e.sj)(>eudly npiaots, ehenie.s, goo.se- 
berne.s, oranges, ja'aches, ra.sj)berri('s. and 
strawlM'iTies are also commonly used. V^inous 
other llavourmgs as spices, ginger, orris root, 
&e., are occasionally addc'd to give variety of 
llavour. 'I’lie following I'onmila tor the prejiara- 
tion of elierrv’ ratafia may lM»tak<‘n jIs tyjiieal: 
2d litres of cherry juice ; 2d Idles of aleofiol at 
H5^;*i3’5 kilos, of sugai, and 4 to 8 litn-s of 
latter almond w'atcr, 

Trappistine. Originally jirepared at one of 
tlu' 'lYiippist inonasteries m Italy. Recijie: 
large absintlm, 20 gi’ains ; angelica, 40 grams; 
mini, Sd grams. i iirdamom, 40 grams; balm, 
30 grams ; myrrJi, 20 grams ; calamus, 20 grams; 
cjiinamon, 4 grams p cloves, 4 grams ; inaee, 2 
grams ; alcohol at 85*^, K'ojitres ; wliite .sugar, 
,*P75 kilos, n’lie uietliod of jm'paralion is similar 
to that, ilescrila'd for Chartreuse (i. vol. 1.). 
After macerating for 2 days, distil and rectify. 
Add .svTiip and colour green or yellow. 

Vermouth. The Jinncipal varieties of ver¬ 
mouth are tlie French and Italian, the basis in 
each ease being white wine flavoured with 
various lierb.s. Inferior kinds are made from 
brand}' or other spirit sweetened and flavoured 
with e.s%entjal oiks. Tlie Freneli variety is less 
sweet and stronger in bitter principles, parti¬ 
cularly w'ormwood, than the Italian. 

The following recipe by OlUvoro may be 
used for Italian vermouth; KK) litres of white 
w'ine of Picardy ; coriander, 500 grams ; rinds 
of bitter orangCh, 250 grams; orris root, pow¬ 
dered, 250 grams; elder flowers, 200 grams; 
red cinchona, 150 grams ; calamus, 150 grams ; 
125 grams each of large absinth, holy thistle, 
(Carduus be?ii'df€iiis), elecampane (roots), little 
centaury, and germander; Chinese cinnamon, 
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100 grams ; angelica root, 05 grams ; 50 grams 
each of cloves, galanga, and nutmegs; and 30 
grams of cassia. Digest for 5 or 6 days, draw 
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of less than 2 p.c. Tlireo grams of the p(»wder 
are treated in an extraction ap{)aratuK with 
50 c.c. of ether, dried and transferred to a 100 o.o, 
coiitrifugiiig tulK) to which 75 c.c. of 75 ]>.c. 
alcohol are added. After frequent slirriug, 
followed by standing overnight, the tube is 
centrifuged, the clear li<iui<l is poured off, and 
the alcoholic extraction of the residue twice 
re})eatcd. Tlic inixcil extracts are evaporated 
to dryness, dissolved in 10 c.c. of water, iiltcn*id, 
diluted to 20 C.C.. and ]»rocipitated by tli© 
addition «)f 3 c.c. of 10 p.c. sulplmric acid. The 
residue is washed with two 5 c.e. portions of ice- 
cold water saturated with ether, and dissolved 
in 30 c.c*. of warm 05 p.c. alcohol, '^'ho acid 
solution and washings <iri5 mixed and neutralised 
hy the* addition of ammonia, evaporated to 
about 5 C.C!. and treated with 2 «'.c. of 10 p.c. 


olT the liipior, size w'llli tish glue and allow to 
stand for ).7 days. • 

The strength of vermouth is usually iH-tweeii 
23 and 30 p.c. of iiroof spirit, the average being 
27 p.c. or ot alcohol by volume. 

The ab(>\c' tatile, by Konig, shows (he 
results of analysis of sonu! of the best known 
liqueurs and coidials. 

.1. (J. 


sulphinic <icid, and the ])rc(‘ipitato W'oslied with 
iced <“lh(w-w^ati*r as above. Tins prccipit-aH* is 
dissolved in JO c.c. of warm !)5 p.c. alcohol, 
/ilterc'd and adch'd to tho alcoholic solution of 
(Ik* (irst residue. To the mixed solutions (wo 
di-<i|)s oi 5 p.c. ammonia arc added, the solution 
ci.ijKuated (o dryness, and tho residue dried 
at JOO'C. and weiglied. Tlie melhoil yields 
i<*sii]js considerably higher than do jirevious 
nu'lhiMls, ami the glycyrrlnziii obtained is light. 


LIQUEUR DE FERRAILLE. Feme acchilu in colnur, intensely sweet,, and free from rcHins 
i\ Aoeticj acid. and bitter substances (ilouscmann, Amer. J. 


LIQUID STORAX /. 1Ul.sams. Pharm. 1021, 481-405). 11. J. 

LIQUORICE. 3’Iic root ol (Uf/ci/rrhizd gUihra LIQUORICE ROOT. (Hifcyrrlnziv liadix. 
(Lmn.). (.'iiltivated chiefly in Spam, Russia, H.V. ; (ilycyrrhiza, ^V.H.V. {IHylin^r, Fr.; 
lUly, and to a small extent in (Ix'rmany anti FuAxholzwiirzd, (fer.). Tho pooled root of the 
England, it roquires d<*c*p, Icirtilc sod. Wild underground stems of tlic <>lycifrrhtzfi glabra 
plants sujiply a considerable quantity in Asia (IjIiiii.), a plant inhabiting tho south of Europe 
Minor, and m some portions of Hiissia. 3’he ^ and Eontral Asia [rf. liontl. a. I’lni. 74). 
Spanish product is generally preferred to the Liquorice, or its solid aqueous extract, the 
Russian, since the latter is .soiiK'what hitler. ‘ Wjiamsh juicio’ of c‘i)mmorco, has long been a 
Tlic following anaiyacs arc* given by Kcinig— favourite demulcent in tliroat affeetions^and is 
• ^ a, . used a.s a laxatne. It linds also a cionsiderablo 


. n S 2 • 

.Si 8 S 2 

n o-;:5_2 

i? Cm U. 3 .A D 'Xi < 
Spanish liquorice 8*8 12 3 3-7 7 4 2-143-0 17-7 4-4 
Russian „ 8.7 9-33-M)-0 10*138*4 18*85*4 

Liquorice owes its charaoteristie sweet taste 
to the* presence of ylycywhiziti (lJu* calcium 
and potassium .salti^ot glycyrrhizic acid) which 
is present to the extent of about 8 ]i.c. 'I'o 
extract this, tho roots arc treated with* cold 
water, the liquid boiled to precipitate albumi¬ 
noids, filteixHi, and dilute sulphuric acid ailded, 
when the glyi^yrrhizic acid is precipitated in 
pale yellow flocks, which soon become a dark 
brown, sticky mass. This is tlien washed until i 
free from acid and di.ssolved in dilute ammonia. 
By evaporation to dryness of this liquid, the 
“ glycyrrhinum ammoriiacak'! ” is ojitaincd, 
which serve.s as a sweetening agent in the pre¬ 
paration of medicines, in portor-brew'ing, and 
also as a swe^etmeat. 

Liquorice also contains a yellow colouring 
matter, and from 2 to 4 p.c. of asparagin, 
malic acid, starch, a little tannin, sucrose, 
saponins, glycyrrhetic acid, &c. {rf. ilouscmann, 
Amer. J. Pharm. 191(», 88, 97. 

Etiimation of Qlycyrrhizin in Liquorice 
jBooi.—-The root is ground to pass a twenty-mesh 
sieve, and dried at 50^0. to a moisture content 


employment in porter-brewing. The IJ.iS.P. 
admits in addition Russian liquorice from 
U. glahr^i glamlulifcra (Regel et Herder), 

'riic root was examined cljeniically many 
timessmee 1808 ; forauexliaustivc bibliography, 
Ace Jdnz (Arch. Pharm. 1910, 254, 210). It was 
f<)imd to contain ylycyrrktzin or liquorice sugary 
the most im])ortant constituent, togetJior with 
an acrid oil, aApnragiu, nuilic acid, darch, traces 
of ianmn, and otlier substances common to 
plants. * 

Giyeyrrhizin has been further studied moi» 
recently by 'J’schindi and Gederbcrg (Arch. 
Pharm. 1907, 245, 97) and 'rschirch and Gauch* 
maun 1908, 240, 545; 1909,247,121). it 
consists of tho potassium and calciilm salts of a 
tribasic crystalhno acid, glycyrrhizic add 
according to Rasenack, 
Arb. Reiehsgesundli. Amt. 1908, 28). GJycyr* 
rhizic acid melts at 205°, it h^s a sweet taste and 
is optically inactive^ A hexa-acetyJ derivative 
has >)oen obtained, m.p. 210°. Glyiyrrhizie acid 
does not reduce ammoniaoal -silver solution or 
Barreswil’s (Fehliiig’s) solution. When fused 
with potash it yields acetic and oxalic acids; 
di|tilled with 2iiic dust^ napht halene; and when 
oxidised with potassium permanganate, phthalio 
acid. Jf glycyrrhizic acid is boUed for 6 hours 
with water containing 3 p.c. of sulphuric acid, 
air being excluded, glycyrrhetic acid 
(hitherto known as glycyrrhiin) is preeijutated. 
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It can bo obtained crystalline from acetic acid, 
melts at 210®, is monobasic, and forme a diaoetyl 
derivative inciting at 2J9°. Tho solution from 
which this acid has separated contains glycuroiiic 
acid, and the hydrolysis is expressed by the 
equation : 

Qlycyrrhizic acid contains (5 hy<iroxyl- and 
3 carboxyI-gr(»ups; tho acid iiot^ssium and 
ammonium salts crystallise well. The former, 
C44H*30 ioK. IS one of the sweetest of vegetable 
substances; tho taste is still jjerceptiblo nt 
1 :20,(MK). 

The <;[rup contains almut ti-7 p.c. of glyeyr- 
rhizic acid.' Mannitol h jircsenf in the liquid 
from which the crude fflycyrrhizn* acid lia.s been 
precipitated with sulphuric acid, but it is not 
present in the original drug. 

i»y dwtilling .Sfiaiiish JH|Uorice root, Haensel 
(Pharm. Centli, 40, obtained 0-03 ji.c. of an 
ethereal oil, the Russinji ro<jts yield 0'03/) p.c. 
These oils are not Kleutical, for wlnlst the 
Russian oil is dextrorotatory, the Spanish is 
laivorotatory. 

Linz (Arch. IMiarin. lOHI, 2r»4. O.'i, SI, 2(t4) 
has given an elaborate review oi 27 metliods 
,for cJck'rmining glycyrrhizic and in ‘S]iains}i 
juice' and liquorice root. The best sc'erim that 
of Parry (Chemist and Druggist, lOJO, 20), 
which was followed in principle by llou.seinann 
(Amer. J. Pharm. 1012, H4, .731) and by Linz. 

Russian and Persian )i(|uorjce root, from 
G. glmidnhfera, W. and K., contains in addition 
an amorphous bitter substance. (Jlycyrrhizic 
acid is also present in tlio roots (»f Pohfpodwnn 
vulgarf, F. prnmfifidinn, Pcn/ind/a vudiUrntnea, 
in tlio shoots of Mifrrlns odoraUt, in llie hark of I 
Ohrtf.^ophyllum (/lyryphla-ttm, and possibly in ' 
other pjants. 

Few words have siilTcrnl .so many distortions 
as liquorice. 3'ho original CJreco liUtin yhjcyr- 
rhizn, iitiTally sweet-rout, was corrupted into , 
Latin h<iHiritui, vvlieiice Kronch Italian j 

leyonzn, rcyolizia, and Clerinan hdiiizr. The ■ 
mid-Fuglish form Ikons w<iuld aiqieur to liavo 
been intlueiicod by Orris, a ]>lant winch also ]iad j 
a sweet root, while Die modern spelling is perhiijis | 
due to ligvor (Weekh'y, 'I'ho Romanee of Words), i 

G. B i 

LITCHl NUT. The Chinese hazel nut j 
{Litchi chnirnsis, Soliner) occurs m thc’ tropical' 
ountries of tlie East where it is cultivated for 
medicinal and edible purposes. Conlanis ash 
1*6, protein 2'(>, ether i^xtract 0'2, fibre and 
nitrogen-freo extract ll'fi, water IT-!* p.c. The 
alcoholic oxtraei has a ciqiric reducing power 
equivalent to 03 p.c. invert sugar, crude fibre 
0*4 p.c. 'J’nlal acidity 0’25 p.c. citric acid 
(Read, J. Amer. Cbern. iSoc 1918, 40, 817). 
LITHARGE t>. Lead. 

LITHARGITE and MASJICOTITE. Minera- 
logical terms for tlie native ftknns of the well- 
known substances litharge and massicot, which 
were formerly included together under the one 
name (litharge or massicot, or somotimes lead- 
ochre or |ihimbio*oehre),^ Ivcad monoxide PbD 
ia dimorphous, existing as a yellow orthorhombic 
((laeudo-cubic) modification with sp.gr. 9*29, 
Qlil^n refractive index ^ 2'01, optically biaxial 
and positive; and as a rod tetragonal modifica¬ 
tion with sp.gr. 9d25. m 2 (4, optically uniaxial 


and negative. They have, liowcver, not been 
obtained in sufficiently gppd crystals for an 
exact determination of their characters, and 
there is sonic confusion in tho optica! descrip¬ 
tions (A. Scott, Min. Mag. 1914, 17, 143). 
R. S. Larsen and E. 'W Wherry (Amer. Min. 
1917,2,18) propose to restrict the name lithai^ 
or lithargite to the yellow orthorhombic modifi¬ 
cation, and massicot or mussicotitc to the red 
tetragonal modification. Larson describes 
iiimute brownish-red scales from ('alifomia and 
some other localities as being built up of the 
two minerals—the central portion qf the plates 
consisting of hihurgite and the borders of 
inaBsicotito, the Intk'r being probably an in¬ 
version product of tlio former. As a fine scaly 
or earthy encrustati/m one or other of these 
modifications is not uncommon as an alteration 
product of lead ori'.s^ f.Jiougli generally in small 
amounts. In particular, it has been recorded 
fro'iu .several localities in Mexico, occurring 
sometimes as a volcanic product; and in certain 
streams it has been collected in considerable 
(juantities. L. .1. S. 

LITHIA MICA r. Lithium. 

LITHIUM. Sym Li. At.w. 0-94 (Hagen, 
Mallet, 'I’roost, liielil. Sta.s. Dittniar, Richards 
ami Willard) This metal occurs in combination 
with silica, ulumina, and the nlkab metals in 
l( }ndoliic ur hfinu iiiKa, ■pGulilc. (enntainmg pl.os- 
})bulo.s of liibinm, iron, mid niangane.He), spodu- 
wo>) 0 '. lnphyl('Hi\ and frrddyqomU, usually to the 
extent of 3 to b p.c. (.1. Soc ('hem. Ind. 18, 877). 
Al.so in jiHilionelanc, in a liexagonal variety of 
zmr Hulphide, scliHlenbleiide, .ind in many radio¬ 
active nim<‘iala jmrt-ieiilarly carnotitc (Gledit-sch,. 
Comjit. rend. 145. 1148; 14(5. 3.31); Ramsay, 
dnd. 14(1, 4r>b; Me('(.y, Nature, 1907, 79). 

Lithium IS widely ihstributed. Tt occurs as 
ebloridi' in most sjinng waters and iii sea water. 

A mincra! sjuing at Wlii'al Gi'ilbud, bear Red¬ 
ruth, contains 2b grams per gallon (Miller, But. 
Ass(ic„ Trans. 18b4, 35); Plullips has found 34 
grams per gallon in a suit spring in Huol 8eton 
copjicr mines in Cornwall. It is found in most 
plants, <‘s])ecially in tho leaves (Tschermak, 
('hem. Zculr. 1899, ii. 1127). 3'lie ash of tobacco 
has been found to contain 0*44 p.c. of lithium 
cliloride (Fruchot, ('ompt. rend. 78, 1022). The 
jircsence of lithium la excess appears to be gene¬ 
rally injurious to plants. Jt also occurs in all 
the organs of the human body, particularly the 
lungs*(iferrmann, Rihigers Archiv. 109, 26). 

I/ithium was first isolated by Bnandes, but 
lirst prepared in quantity by Bunsen (Pogg. Ann. 
94.107). 1'he metal cannot lie obtained by ignition 
of 1 he eurbonate with carbon, or of the hydroxide 
witli iron, 1ml is obtained by the electrolysis of 
a mixture of equal weights of lithium and potas¬ 
sium chlorides (Guntz, Conipt. rend. 117, 732). 
Ruff anil Johannii»eu (Zeitsch. RJektrochem. 12, 

I 180) recommend a mixture of lithium bromide 
with 10-15 p.c. lithium chloride, using a carbon 
anode and two iron rods, 4 mm. diameter, as 
cat hode, tho current required being 1(X) amperes 
and 10 volts. According to Borschers (Chem. 
Zentr. IH9.7. ii. 13), litiiium can be obtained 
from its ores by making the solution of the 
chlorides of tlie alkalis and alkaline earths 
sliglitly alkaline, evaporating in an iron vessel, 
fusing tlie residue thus (mtained with am¬ 
monium chloride and electrolysing the mass 
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with a current of 1000 amperes per square mctr^ 
of cathode surface and 6 volte. The upper rim 
of the iron crucibicis kept cool by a current of 
cold water, the surface thus being protected 
from tiie atmosphere by a thin layer of solidified 
metal. The metallic globules are then placed 
in a paraffin bath at 130^-200° when the pure 
metal rises to the surface. Lithium can also be 
obtained by heating the hydroxide with mag* 
nesium in a tubulated iron retort when the 
metal distils over {Warren, (Jhem. News, 1890, 
0); or4)y the electrolysis of lithium chloride in 
pyridino solution {Kahlcnberg, J. I’hys. Chem. 
1*890, 3602). The metal is also deposited electro* 
lytically from other orgamc st^lvents oi its 
chloride (I^atten and Mott, J. Thys. Chem. 1904, 
8, 153). 

Lithium is a mixture* of two isotopes of 
masses (5 and 7 (Aston). 

The statement that traces of lithium are 
formed in the degradation of copper by radium 
emanation (Cameron and llamsay, ('hem. Soe. 
Trans. 1907, 1593) lacks confirmation (Terman, 
ibid. 1908, 1775 ; Curio and (jleditscli, Compt. 
rend. 147, 345). 

PropcHicft .—Lithium is a silver-white metal i 
which tarmslnss ami oxidises loss rapidly than 
potassium or sodium, it is softer than lead, but 
less tenacious. Its sp.gr. is 0‘589 to U’6t>8 
(Bunsen), lower than that of any known solid. 
It melts at ISP*^ (Bunsen), 186'^ (Kahlhauni, 
Zeitsch. anorg. (.'hem. 23, 220), and volatilises , 
at a bright red heat in a current of liydiogen, 
forming lilhiuin hydride LiH ((Junta, ('ompf. ; 
rend. 122, 244). Klectrolysis gives lithium as ' 
the catliodc and apparently hydrogc'ii as the j 
anode, this being the first observisd instaiieo of 
hydrogen functioning as a negatively charged i 
ion. tS]>.gr. O'HIO. At a temperature somewhat ; 
above its melting-point it l)ui'nH with an in-! 
tense white lights W'^hen healed, it burns in ; 
chlorine, broniino, iodine, and sulphur va})Our, i 
and m carbon dioxide. Jn water it oxidises, 
but does not fuse. It absorbs nitrogen even in 
the cold, being the only metal that does so 
(Ueslandrcs, Compt. rend. 121, 886; Cruntz, 
^bid, 245) to form Iilhiwn mtndc Li^N, m.p. ' 
840®-845®, which rapidly attacks iron, nickel, 
copper, platinum, porcelain and othei’ sihcates. 
When heated in liydrogon#to 250® forms iri- 
lithium ammonium Li^NH, which on furtlier; 
heating to 480° for^s litfuinnde (v. i«/m), an 
extremely hygroscopic substance, evoj^rmg 
hydrogen and ammonia under the action of 
water (Dafert and Miklauz, Monatsh. 1910, 31, 
981; ibid. 1912, 33, 63). 

By nitric acid it is rapidly oxidised, often 
with fusion and igmtion. Jn dilute sulphuric 
acid and in hydrochloric acid it dissolves 
quickly; solution is slow in strong sulphuric 
Ci«cid. At a teraperaturti beloi^i 200° it ^Itacks 
silica, glass, and jKircelain. Like other alkaline 
metals it dissolves with formation of a blue 
solution in liquefied ammonia gas, a similar 
result being obtained when it dissolves in methyl- 
amine (Moissan, Compt. nmd. J28, 26). When 
gently heated to 400° in a current of ammonia, 
lithamide LiNHj is formed (Titherley, Chem. 
Soc. Trans. 1894, 517 ; Moissan, Compt. rend. 
127, 686; ihid. 133, 716; Ruff end (Jeorges, 
Bei. 1911» 44, 502; Dafert and Miklauz, Ber. 
191L 44, 809). 


At the ordinary temperature, lithium with 
: dry ammonia gas forms a liquid which, when 
rapidly evaporated at 70°, yields a brownish-red 
I solid, lithium ammonia LiNHg (Miussan, l.c.). 

Lithium forms several amalgams with 
Imwcury (Kerp and Bottgor, Zeitsrh. anorg. 

; Chem. 26, 1; Bchukoffaky, J91J, 71, 403) 
j and alloys with antimony, tin, and lead of flip 
\ type JjigM (Lebeau, Conqit. rend. 130, 502 ; ibid. 

'■ 134, 231, 284). These alloys hav(‘ liighcr melting- 
; points than the constituents and are jmwcrfnl 
I reducing agents. It also forms compounds vith 
I arsenic (Lebean, ibid. 129, 47) and with silicon 
I (Moissan, ibul. 134, 1083; W^allacc, Zeitseh. 
anorg. Chem. (>3, 1). 

Detection .—Lithium salts produce a line, 
cnni.son colour in tlu) blowpipe flame. 'J'hey 
are usually colourless, and when in strong 
solution give a precipitate on addition of car- 
; bonates #r sodium piuisphate, in presenelf of 
; ammonia. In presence of sodium, lithium can be 
j detected by making the solution alkaline with 
; ammonia, then adding of its volume of 
sodium hydrogen phosphate, after which enough 
aJcoliol i.s added to jnoduce a Jieavy permanent 
precipitate. On boding, the solution will be¬ 
come jicrh'ctly clear it lithium is absent, for 
lithium pliosphate is insoluble in boiling alcohol 
(Benedict, Amer. ('hem. •). 32, 480). 

For its abiiorjdion .spnirum, see Bevan, 
Broc. Hoy. Soc. J911, 85, A, 54. 

Enliniatwn .—The osiimatioii usually entails 
the separation from potassium and sodium. 
For this sejiaration Mayer's process is most 
satisfactory (Aimalcn, 98, 193). The solution 
containing tlie alkalis as chlorides is tivatod with 
sodium pliospliate {ab-iolulely frc*e from alkaline 
eartli pliospnatt's). and sufficient sodium hy- 
droxido to k«'(‘p the solution alkaline, and evapo¬ 
rated to dryness. Sufficient water is added to 
dissolve the soluble salts, the solution Iniated 
gently and filtered after 12 hours. Tlie precipi¬ 
tate IS washed with a mixture of 1 pari of water 
and I part of auimnma (of which liquid 3920 
parts dissolve only J part of hihium phos¬ 
phate) ; the filtrap' and first two washings are 
eva])oratcd and taken up as before, anyoTesidue 
of lithium })lioBphato being added to tlio hulk of 
precipitate, 'Die prccijutato, dried at 100°, has 
the (;omi)oHition LigB 04 . » 

Ivahlenberg and Krankopf (Amer. (!hom. J. 
30, 1104) recommend the •following method. 
The solution of mixed olilorides is evaporated* 
to dryness and the residue is boiled with pyri¬ 
dine. The solution is decanted through a small 
filter and the residue is again treated with 
pyridine kovctuI times. Tlie jiyridfiic filtrates 
are now distilled and the lithium chloride 
residue is converted into sulphate by evapora¬ 
tion with sulphuric acid and weighed as such. 

I According to bchieffclin anti Lamar (Amer. 

■ Chem. J. 24, 392) a gjod way of estimating lithia 
i in Icpidolite is to dissolve the alkali chlorides 
; obtained in the u.sual way in about .10 c.c. of 
I hot water, a drop of hydrochloric acid is added, 

^ then a little ammonia and ammonium oxalate; 

; th(^solution is ffltenid attd tlio filtrate evaporated 
i until it eonimences to crystallise (about 1-2 c.c.). 

I A drop of water and of hydrochloric acid is 
; added, then 16 c.c. of amyl alcohol, it is then 
i concentrated to lialf its volume, cooled and 
, filtered into a platinum dish, the residue is 
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watthed with amyl alooliol \mtil tho wasliinga 
are free from lithium, the amyl alcohol extract 
ifl evaporated below tho boilmg-point and tho 
reaiduo converted to sulpliate. 

For incthoda of estimating lithrinii in mineral 
waters, compare (-<arnot (Compt. rend 107, .'136}; 
Waller (J. »Soe. (3icrii. Iiid. 1800, 1066); Kazoli 
(Gazz. chill), ifal. 31, i. 40). [ 

Hxtrudion of s'oh«. -t'nxly powdered leind<t- ■ 
lito or potaUte 10 parta, ih ini.ved with barium 
carbonate 10, barmni hulphalci jmtasHium 
sulphate 3, and ignited at the highest teinjiera- 
ture of a wind furnace. 'I'wo layers are thus 
produeed. the lower nf barium silieale and siil- 
])hate, the ujiper of wliite sulphali' of jjotassiuin 
and htluunl. It is lixiviated with water and 
treated with hariuni eliloridc to convert the 
alkalis iiii(» elilorides and to jirecipitate the sul i 
phuric acid as baniiin .suljiliati’ 'I’Jic solution 
ia ly/ajH'raied to dryness and digesli,'! willt a 
mixture of (“fpial jiarts of alis<ilute alcoln*! niid 
ether, in which the litliiiini cliioridc dis.Ht)lvcs 
with only a trace of jiotassium and sodium 
chlond(3 {’rroost, Compl. rmnl. 43, 021). : 

AccfU'ding to Muller {Annalcn, Kr», 2r>l), ; 
tnplii/lf nf \» dissolved m liv<h‘o<')iloric acid, the , 
iron o.\idis(3<l to feme chloride hy llu' addition of; 
nitric acid, the phosphoric acid piccipilaicd hy t 
a ]»ersalt of iron, the mixtiuc evaporated to' 
dryness, and extracted with water. Manganous 
and Utiiium elilorides are thus dissolvi'd ; the* 
former IS ]in'i'i|>itat('d with haiiuin sulphide, the 
excess of liarium being lemoved li\ the addition 
of aminonium earhonate or sul|)luii ie acid. 'I'he 
flolulion is eva|)orateil with oxalu- acid and the 
residual oxalab* ignited to earhonate. 

I’he liiK'ly ground and sifted lepidolite is 
made into a thin paste with concentrated sul- 
phurii’. ncid, in a warm brick timigli. ami dige.sted 
and nl^rrcii until it commences to agglomerate. 
It is then ealemed jii a rev ci heratoiy furnace, 
ami, while w'aiin. well lixiviatial with water and 
filti'fiul. 'I'he lye is mixed with suflicii'iit ])olas- 
siiim sulphate U» convert all tli(“ alumina mlo ! 
alum, and the st»lution deeantial from tlie alum j 
meal. 'I'he remaining alimuna is precipitated 
hy nnl^ of lime, the alkalis are. <Minverted into | 
ehbirides hy ad<litioii of liarium elilorule, and the i 
solution evnjiorateil to dryness. Tiie {•lilur.des : 
of Uthinin and ealmum are CAlraeted with ^ 
absolute alcohol, the nleolml evaporated, ami 
the oaleium jireeijiMited hy ammonium oxalate, 
^and any lieavy metals removed bv a little am¬ 
monium snlpiiidc. 'I'he solution is evajioralcd 
to dryness in a silver hasiii (r. A. \V. Hofmann, 
Dingl. poly. J. 2Jlb 183, and KcIsiii^t, ihnl. 222, 
385). 

Pow'dered amhlygoiiite or other htliiiim oro 
is intimately mixed with povvilered sudiuin 
biHulplute and the mixture healed in cast-iron 
ixitorts, the hydnitluorie acid and silicon fluoride 
disengaged hemg eolli'cled. 'I’he mass is then 
tran.sferred to a refractory earthen vessel and 
heated to redness. 'I'lie produet is lixiviated, 
filtered, and alumininm, eopjier, and iron are 
prx'eipitated by a very sinal] pro}M>rtion of 
fiodmm carbonate. AffnT lillrafion it is ajjain 
treated with soduiin carbonate when hthiuin 
carbonate is precipitated. 'The insoluble residue 
of the lixiviated product is said to be rich in 
phosphorus and can bo used as a manure (J. 
Soo, (.'hem. Ind. 1906, 884). 


! Finely powdered lepidolite Ls mixed with , 
: 10 p.c. more than ita weight of sulphuric acid 
; and heated witli frequent stirring for 8 hours at 
j 112 '-.340'''; 07 00 j).c. of the ore is thus de- 
' conij)f»sed. Tim mass is leached with water and 
' tho .silieu separated. The solution i.s now 
treated with suflieient potassium sulphate to 
convert the alummiiim sulplmtc to alum and 
allowed to stand for (> days when precipitation 
IS eomplei.<\ the deeanteil lupior is treated with 
' whiting, boiled, .and the alum precipitated as 
aliinitc hy miding aluiimuiim hydroxidt;. Tlic 
lasf (races of Hlumina are removed hy again 
troafing tlie filtrate with whiting. The solution 
is then boiled, ma<lc alkaline with slaked lime 
and eoneeiitrated. Cojijicr sulphate ami mag¬ 
nesium and iron <ixides are reinovi'd in the usual 
way and the solution (‘onsisting of lithmin sul¬ 
phate IS addl'd to a solution of |)o(assiiim ear- 
honale, vvlien iithium earhonate is precipitated, 
aiixl JN uiislieii and diicd (Schiefleiin andCapjion, 
So.-. Cliem. Ind. 1908, .549). 

According to Wadman {ihiJ. 1007, 409; 
15)08, J22), |)uro lithium carbonate can be ob¬ 
tained hy heating the ore with an alkaline 
.siiljihate such as K^SO,,. 'I'lie solution nf sul- 
{iliates thus obtained is now treated with 
sntlicieiit ammonia t'l render tlie jiotassiuin 
suljihate iiisoluhic and to precipitate iion, 
alnmuiiimi, and luagne.sium hydroxides 'I’ho 
pr.'upitute IS removed and the hlhium precipi¬ 
tated as earhonate. 

Aec.irding to Zell (.1. Soc. ('hem. Jnd. 1900, 
1126), a pine liUunni lojiipound can bo ob¬ 
tained liv heating a liflimni <ue in the presence 
of cjiihoM iM an atiiiospliere of acetylene. A’oia- 
tile lithium hvdiogeii cariiide is thus formed ami 
IS decompose<l liy vvalei into lithium hyvlroxide 
ami acetylciK'. 

Lithinni nridi LkO may be prepared by 
Ignition of tho nudal in air oii,ox_\gcif (Uolt and 
Sims, ('hem. Soc. 'I'lan.s 185M. 443); in solution, 
by [irci'ipitalioji ot (he sulphate with barium 
hydroxide solution. A ])urer produet i.s obtained 
by heating litliium hydroxide or its hydrate 
LiOH, or Li((HJ)-ll;,0, in a jilatinum erueihic in 
a current of dry liyilrogen for about an’hour at 
780'' (Foierand, ('oin])t. rend. 144. 1321). 
Lithium <‘arbonate heated similarly at 780''-8()0® 
also yields pure labium oxide (Forcraud, /.r. 
1402). U IS yellowish whj[te and s[>ongy, less 
soluble than the oxides of potassium and 
' sodi^im. It melts at 462'‘, and, as it corrodes 
jilatinum powerfully, should he fused in a silver 
v'cssel. 'J’he hydrated oxide may be. obtained in 
I small crystalline grains. Lithium hydroxide is 
I used in a certain type of storage hattcry. 

1 By mixing lithium hydroxide (Forcrand, 

, rend. 146, 802) with hydrogen peroxide 

j afid then adding an equivalent volume of 
! absolute alcohol^pthc compound 
JJ.i02-H2()2,3Ha0 

is formed which, wlieii jdaced in a vacuum over 
phosphonis pentoxide. yields lithium jKroxide 
LijOj (Forerand, Compt. rend. 130, 1405). 
Lithium liydroxide gradually dissolves hydrated 
silicic ueni in the cold. A hot ^solution forms 
insoluble litliium /iilicnte LijRiOjiHjO as a 
white granular precipitate. 

Lithium chloride LiCl may be prepared by 
combination of lithium and chlorine, or by 
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dissolving the carbonate or oxide in hydro- 
cldoric acid. When formed at low temperatures 
the crystals contain two molecules of water; at 
temperatures above 15® anhydrous octahedral 
crystals are produced, which are very hygro¬ 
scopic ; various hydrated chlorides are known 
(Bogorodsky. Oheiri. Zentr. 1894, ii. 514). It 
dissolves in al>.s<>lute alcohol and in a mixture of 
alcohol and ether. At 0® 100 parts of water i 
diHsol\e 03‘7 parts, and at 100® 145 parts of the 
chloride. 

lidlfiuni chloride melts at 005® and is more 
vdatilo llovi ])(»tas.sium chloride; Ic.ss so than 
sodium chloride. Below a red hca1 it volatilises, 
losing a little hydrochloric acid and pro<{ucmg an 
equivalent amount of Jitliium oxide. 

Jdthium chloride is nsijd to some extent in 
pyrotechny. 

I.»itbium dissolves in the chloride, but the 
siil>chloride LijCl could not be obtained 
((Juutz, Compl. rend. 1805. 121, 045; Ann. 
(’him. Phys. 1907, 10,13). At - 18® the chloride 
absorbs annnoma rapidly, lorming a series 
of compounds with 1, 2, 3, and i molccuh'S 
of ammonia (Hooru'foi, (‘ompt. rend. 124, 771 ; 
ihid. 127, 3(i7). With etlivlumnio and methyl- 
uiiniie, it bcha\c.s siniilaily (Bonncfoi, lx. and 
(Vuiijit. rend. 129, 1257). Jatliiuin bromide 
(Bonncfoi, ibid. 13(h 1394; Bogorodsky, lx.), 
lithium iodide {'flnrsolT, J. Buss. J'liys. (3iem. 
So<‘. 25. 407; Jtogorodsky, l.r.), and their 
double salts with other metallic liahdes (Knrna- 
koiT and Smnentsclieiiko, Zeitscli. anal, ('hem, 
1H99, 335; Uobroserdod, J. Russ. Phys. (’hem. 
Sue. ,32. 774 ; Bogorodsky, l.r. 515). Lithium 
bromide and iodide have been used in photo- 
grajihy (Duboin, Compt. rend. ]4J, 1UJ5; 
(!hassevant, ibid. 115, 113); lithium periodate 
(Barker, (3icm. Soc. Trans. 1911, 132(>); also 
lithium tluonde (Poulenc, Bull. Soc. chim. fni.j 
II, 1,5; Wells anil Foote, Amer. .T. Sci. 1897, 
400) have been prepared. (('/. Searpa, Alti 
K. Accad Lincei, 19J5, [v ] 24, ij. 47(i.) • 

Lilhtum Aulpkalc LijSO^ is prepai’ed by 
dissolving the carbonate or oxide in Rul])hunc 
acid. It forms monoclinic jjlates, soluble in 
alcohol and water. It produces a double sul- 
pluite with potassium sulphate, but does not 
form an acid sulphate or an alum. 

J/dkihm r^rbonaie LijC^a is prepared by 
the addition of a lio^, concentrated solulicm of 
lithium chloride to an ammoniacal solution of 
ammonium carbonate. It is a wliito powder, 
which decomposes at 000“ (Lebcau, Compt. 
rend. 130, 126(>), is reduced by heating with alu¬ 
minium (Franck, (.’hem. Zeit. 1898, 22, 236), and 
is more fusible than the potassium and sodium 
salts It is quite insoluble in absolute alcohol 
(Kobbe, Pharm. Zeit. 34, 312) and only slightly 
soluble in water, but more readily so in aqueous 
solution of the alkalis, particularly amratinium 
salts (Ceffeken, Zeitsch. anorg. Chem. 1905, 43, 
197). 

Its solubility in cold is greater than in 
hot water. 3’he solubUities given by different 
observers are not concordant. According to 
Bevode (Bull. Soc. chim. pi.] 43, 123), the solu¬ 
bility in 100 parts of water is as follows 

Temperature 0® 10® 20® 50® 7.5® 100® 

Parts . . V53U 1-406 1*329 ]*181 0’866 0*728 

The solubility increases after continued boiling. 

VoL. IV.— (T. 


r. further Draper (f’hem. News, 55, Ififi) and 
Fliickiger (Arch. Pharm. [iii.] 26, 509). 

The commercial salt usually contains about 
98*5 ii.o. of lithium carbonate. Lithium forms 
a very soluble urate i for this reason the car¬ 
bonate and citrate are administered to remove 
uric acid from the blood in gouty affections 
(Kebler, Amer. d. Pharm. 1898, 60()). 

Lithium carbonate mixed with carmine is 
used as a nuclear stain. 

Lithium carbide Li 2 C' 2 , is obtained by heating 
litliium carbonate with sugar carbon in an 
electric furnace (Moissnii, Compt. rend. 122, 
3(>2); i*r by heating lilhium and carbon together 
in a vncuimi (Luntz, ihd. 126, 1846),* or in a 
stream of carbon di- or monoxide (Cuiitz, ibid. 
J23, 1273; Moissan, ibid. 127, 911). It is a 
powerful reducing agent; burns in fluorine, 
clilonne, bromine, iodine, oxygen, and connli*nes 
with Ruljfliur and selenium ; it is not attacked 
by coiiceutruted aciils but readily by water, 
forming acetylene and lithium oxide. 

Lithiinu -mindc Li,,N is ]»reparcd by heating 
lithium in an iron dish very gently in a slow 
stream of nitiogen (Ouvrard, ('onij)t. rend. 1892, 
114, 120; (Juntz, ibid. 123, 99,5). It is a 
browmsh-red or black sjxmgy substanee, difficult 
to obtain quite pure and is readily decomposed 
by water or w-lien heated with liydrogen. 

Lithiinu cytiniih is used m X-ray work. 

Lithium azoinnde LiN^.H^O, formed by 
neutralising a solution of lithium hydroxide 
with azoimido, IlN^, crystallises in colourless, 
lustrous, liygroscopic needles whicli exjilode 
botweiin 115®-298®(Dennis and Benedict.Zeitsch. 
anorg. Chem 1898,17 18; Curtius and Bissow, 
J. pr. Cliem. 1808 [ii.| 58. 261). 

Lithium Citrate LiaC'^HsO, is prepared by 
the addition of 100 parts of lithium carbonate to 
a solution of ] 80*5 parts of citric acid (l)?hney, 
Year-book of Pliariuacy, 1875, .559). It may be 
produced as a white, anhydrous, neutral, non- 
deliquescent powder, or in crystals containing 4 
inoleculea of water. It is soluble in 25 jiarts of 
cold water. 'J’lie commercial salt usually con¬ 
tains salts of })otasHiuin, sodium, and calcium, 
and frequently Iitliium carbonate or citric acid, 
and jiowilered lepidolite or }>etnlitc (t! 'J’homj)- 
son, Pharm. ,1. {ni.| 13, 783; Dott, ibid. 1905, 
440). 'J'hc following salts of lithium are em¬ 
ployed in mcflicirie :— • 

Benzoate, caffeine sulphonatc, dithiosalicy-^ 
late, formate, guaiacate, hippurate, and iodate 
in uric acid diathesis; bitartrate, theobromine 
salicylate, potassium tartrate and acetate as 
diuretics; glycerophosphate in neijrosthenia; 
borosulphite, sulphoichthyolato, and sozoiodo- 
late as antiseptics (J. Soc. Chem. Ind. 1898, 
736 ; Kebler, Amer. J. 13iarm. 1899, 57). 

According to Vulpian (J. ^oc. (.'hem. Ind. 
1889, 476) lithium salicylate is of greater effect 
than sodium salicylate m gout and in acute 
articular rheumatism. 

Lithium quinate is used in the treatment of 
gout and analogous diseases (Johnson, J. Soc. 

(’hem. Ind. 189^ 1051). ^According to Dumesnil 
(.f- (Pharm. Chim. 1906, 326), lithium theo¬ 
bromine, prepared by adding excess of theo¬ 
bromine to lithium hydroxide solution, is 4 or 
5 times as active therapeutically as the same 
weight of theobromine. 

Coal tar products have largely superseded 
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lithium salts in the treatment of rheumatism 
and allied alfeetions. 

Lithium salts react with casein giving readily 
digestible oompounds suitable for medical 
purposes (Abel, J. Hoc. (’hera. Ind. 1809, 
398). 

Lithium oxalate (Kootc and Andrew, Anicr. 
Ohem. J. 1005, 153), thymatc (.1. Sou. (Iiem. hid. 
1900, 714), and the double salts of litlmnn and 
the acid salts of jujicrazine with oxalic, tartaric, 
and citric acJds [ifnd. 1897, 758), are also very 
useful products. 

J>oubJe urinates (Afelikoff and Jbs.sarjowsjiy, 
Her. 30, 21M)2 ; Coninck and (dianvcnet. Bull, 
belg. Krty. Acad. 1005, 51, 182); lithium phos¬ 
phates and arsenates (Hcliulten, Bull. Hoc. clmu. 
jiii.] 1, 470 ; Ouvrard, (Nnnpt. rend. 110, 1333 ; 
Haramelsborg, Ohem. Zentr. 1801, ii. 700; i 
Qucrtaroli, (laz?;. ohiin. ital. 1007,^ i. 598); 
zirconates (Ouvrard, Oompt. rend. I‘i2, IMt;! 
Venable and (‘lark(\ Amor. (3iem, J. 1805, 434); j 
borates (Rcischlc, Zoitsiih. anorg. ('hem. 4, 100 ; I 
Ohatelier, Oompt. rend 121, lOO) : aluinmo-| 
silicates (WeylKU-g, Ooiitr. Min. 1005. 04(5);] 
platinooyaiiid(‘s (Reynolds, Proe. Roy. Hoc. 1 
1009, 82, 380), and tungstates (Feisl, Her. 21, 
133) have lM^en prepared. Lithium tungsten \ 
bronze, LiWjOi. (Hullopenu. (’ompt. rend. 127, i 
512) is \»repare(l by the electrolysis of litliiuni j 
parn-tungstate. 

LITHIUM-DIURETIN. 4' rade name for a 
combination of tlieoliroinine-lillnuni and lithium 
salicylate. 

LITHOFELLIC ACID occurs in the 

stones of intestinal origin found in the Benzoiir- 
goat, llama, and otlier cattle; it la jirobably 
formed by reduction of eholie acid (Fischer, 
Ber. 1914; 2728). . 

Pffparahon.- 1'ho stone is diasolv<‘fl m 
methyl alcohol and the acids jiremiutatod by the 
addition of light })otroleum. 'I'heae ere dissolved 
in alkali and any lithoiiilio acid is thrown down 
by the addition of barium chloride. On acidify¬ 
ing the filtrate witli hydrochloric atSd, litlio- 
fellic acid is precipitated and is rccrystallised 
from aleoliol (.lunger and Klages, Bor 1895, 
3045), or ethyl acetate (Fistdier, lot\ rit.) , 

Propcrtii's.-M.jt. 205‘^ (corr.). ('rystallises 
from dilute alcohol witii 1 mol. lljO. insoluble 
in water, sparingly soluble in ether; —13'1. 

On boiling with alhohol hydrochloric aenl givijs i 
’*'a lactone, b.p. 245'-248’^/H) mm. 1. S. M. 
LITHOFRACTEUR v . Explosivks. 
LITHOGRAPHIC STONE. A tine gniimd 
limestone pf uniform texture, breaking with an 
imperfect conehoidul fracture, ami ireo from 
spots and veins. It must be compact enough 
to take a good polisii and yet snllieiently porous 
to absorb the grease of the draughtsman's 
crayon; whilst being a limestone it can be 
etched with cold rUlute acid. Tlio only stones 
possessing these properties in a high degree are 
those from the large quarries at Solenhofen and 
Papponhoim in central Bavaria. Here the 
rock is a thin-bodded limcsi,tone of Upper 
Jurassic age. 1'wo qualities are di8tingui8hi:d - 
a yellowish-drab and a bluish-grey, the latter 
being ratlier hartler and more serviceable, 
‘rhey consist of 81-95 p.c. CaCOj, 1-18 p.c. 
M^Oj, with small amounts of alumina, ferric 
ojude, silica, &o. The quality of the stone 


depends, however, on physical characters 
rather than on chemical composition. Many 
attempts have been made to find lithographic 
stone at other localities, more particularly in 
the United States, the most promising beii)g at 
Brandenburg in Meade (jo., Kentucky (v. 
(I. J*. Merrill, 'Phe Non-metallic Minerals, 2nd 
edit.. New York, 1010). L. J. S. 

LITHOMA’RGE. Uer.). An 

amorphous Hubstanco, resembling clay (kaolinite 
and balloysite) in compositkm (hydrated alu¬ 
minium silicate with some iron) and in most of 
Its jiliysical projierties, but firmer and more 
comjmct. Jt occurs on a large scale in the 
basaltic lavas <4 Antrim, where it is associated 
witli bole, liauxilc, and aluminous iron-ore. 
Some of tlie Irisli litliomarge is of lavender 
colour, with -whito a])eck8 of bauxite, whilst 
other varjcties are brown or blackish. 1’Jie 
8nJ>stane{! is known to the workmen as ‘marge.’ 
It may have resulted from tlie alteration of the 
basail., and a^ipears to resemble some of the 
stcatil.ie lateritos oi India. Where peaty water 
i!omes in roiitaet with the lithomarge, it ocoa- 
aionaliy dojiosifs manganese oxide in conaiilor- 
able quantity (r J'. Argali, ,)ourn. (ieol. Soe. 
Ireland. IHSiv. 1(>, 102; U. H. Kiiiahan, ihid. 
307). 'I'hc following analyses, J-lIl, by 
1). Jardin, of lithomarge from ('o. Antrim a?’e 
quoted from (J. A. J. dole, The Interbasaltic 
Rocks (iron ores and bauMtei') of North-east 
Ireland, Mem. (Jeol. Surv. Ireland, 1912. IV 


ijs of lithomarge 

fn.m 

Cook's 

Kitchen 

mine 

('ornwall : 

1 . 

II. 

ITI. 

IV. 

SiO. 

31-70 

41-14 

30-17 

48-3 

'I'lOj 

4-()8 

1-80 

3-40 

— 

Al.O, . 

25-OO 

27-OG 

28-41 

30-4 

KcjOj . 

10-89 

1 -02 

2-(>7 

— 

CaO 

OliT 

1-UO 

OiTO 


MgO . 


(r'77 

0-02 

— 

U..O 

(at IKF) 

12-70 

4-18 

13-04 

8-20 

12- f)(! 

13- 32 j 

14-5 


90-81 

100-45 

100-25 

00-2 


Litliomarge occurs in si'vcral (.'ornksli mines; a 
fine yellowish variety, with purple veins, being 
found at (.Uiok's Kikdien, near Redruth. Closely 
allied to hthomar^S js the Urntoliie of' Saxony, 
formerly rejiuted to pt^’sess such powerful 
medicinal qualities that it was described by old 
wrRers as terra nmaculona jS'arojitCR. 

, L.J. S. 

j LITHOFONE. A pigment prepared by 
: strongly heating a mixture of zinc sulphide and 
barium sulphate, obtained by mixing solutions 
of barium sulplude and zinc sulphate. Is a 
i 'triable mixture of zinc oxide, zinc carbonate, 
I zinc sulphide, normal and basic zinc sulphate, 

I barium sulphatb and carbonate, with traces of 
' form; oxide, alumina, June, and magnesia. The 
' usual process of manufacture is to heat heavy 
spar with carbon, dissolve the mass in water and 
; mix with a solution of zinc vitriol. The precipi¬ 
tate is washed, dried, and ignited, mixed with 
2-3 p.c. of sal ammoniac and again ignited. 

, W’liile hot it is thrown into water, dried, and 
finely ground. Its value depends upon the 
amount of zinc sulphide present. For methods 
of analysis v. J. Soc. Chem. Ind. 1902, 1146; 
I Austin and Keane, Analyst, 1912, 37, 238. The 
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following analyses of different samples are by i 
Austin and Keane (foe. ei7.): ' 

I. IT. in. I 

(German) (EnRlIsh)- | 

BaSO< . . . «7'51) 72-8() 

ZiiK ... 30-<)8 27*»2 24-14 i 

ZnO ... O-.^n 1-82 0-88 

OaO. F 2 U 3 , Ba(:(^, &c. 4-11 2-77 2-18 

lOO-OO iOtl-OO lOO-OO I 

Inferior qualities simiotimes eontain natural i 
barytes wfiMi reduce the opacity and covering | 
power and cause it to give a yellowisli whil-c lint 
wlien used in linoleum, 'liie natural mmend 
may be detected by means <if tlie tnioroscojie, 
the iirecipitated sul}>hale»a})])earing as a line 
]>owder composed ot minule crystals of uniform 
size whereas the natural barytes consists of 
tiaiis])aront irregular frairmonts of larger 
(Slcwart, .T. 8 oe.' Cliem. Ind. I!)2(h ‘M), 1H8T.). 
For conditions deteinumng Iho resistance of 
litiiojioiie, to change in sunUglil in juesence of 
moisture, due, it is surmised, to a dissociation 
of the illuminated surface witli liberation of 
nuiialho zinc of a grey colour, see 8 teinau, 
Chom. Zeit. 11)21, 4r., 741. 

LITMUS. Tounif’MiI tn jmin. Tins colour¬ 
ing matter is well known to thi chemiHt, since 
whit (5 paper imjncgnatiMl wilh its solution in a 
slightly acid or alkaline condition has long Is-eii 
employed, under thi' name of led and liluc 
litmus-paper, to indieali* the presence, jn any 
solution, of alkalis or acids resjieclively. Alkalis 
chaugii tlio colour of nal litnius-pa]>er to blue, 
acids turn blue litmus-pajier red. In alkalimetry 
litmus tincture was formerly the most generally 
adopted indicator. This use depends upon the 
fact that the free colouring matter of litmus is 
red, wliero^s its alkali salts an-- blue. j 

Commercial htflius has the form of small pale i 
blue eulies. composed essentially of gypsum and 
chalk mixed witli but eomparativcly little edlour- 
ing matter, which is largely ])resent lu the form 
ot a lake. 


upon orcinol, through the addition of sodium 
carbonate, De Luynea also succeeded in obtain¬ 
ing the colouring matter of litmus (Gonipt. 
rend. 59, 49; Dingl. poly., J. 174, 61; Chem. 
Zentr. 1865, 127 ; J. 1864, 551). A mixture of 
1 part orcinol, 25 parts cryst. sodium carbonate, 
5 parts water, and 5 parts ammonia solution, 
wag heated to (M)'’-80® for 4-5 days with frequent 
agilafion. On diluting the blue solution thus 
()btai!ied and ucitlifying slightly with hydro¬ 
chloric acid. Ihe colouring matter was precipi¬ 
tated. On wasliiiig and drying, it assumed a 
rnotallio lustre. Jt is sparingly soluble in water, 
but readily soluble iu alcohol and in ether. 

In milking a litmus solution to •mployed 
as indicator, the commercial litmus is extracted 
witli lioiling water, tlie filtered solution is 
slightly aeidilieil witli acetic acid, then carefully 
neutralised wilh ammonia, and boiled to ejtpel 
any cxc«'.?s of the latter. Kept for any length¬ 
ened period in sto])pcred bottles, the solution 
becomes decolorised in consequence of a reduc¬ 
tive fiTuuMitalion ; on exposure to air, however, 
the original colour is restored. This defect is 
jirevonted by saturating the solution with 
sodium i4durulG (K^uchelt). Comjiare also 
Bellamy, J. Bharm. (’him. [v.] 18, 433.) A dry 
litmus-extract may be prepared according to 
Vogel in t he following manner (ibid. 45, 64, 70 ; 
Cbem. News, 1864, 205). Twenty grams 
powderi'd commercial litmus are twice digested, 
each time vilh 150 e.e. cold distilled water. 
The second solution, wliich is alone employed, 
IS divided into two equal portions, one of which 
is slightly acidified with nitric acid and then 
mixed with the other. The purplish solution 
thus obtained is evaporated to dryness on the 
water-liath, and the granular amorphous mass 
is kept m a stopjiorcd bottle ready for dissolving 
in wat('r when required. • 

For the enqiloymont and characteristiofl of 
litmus as an indicator v. R. T. Thomson (J. Soc. 
(Ihem. Ind. 6,198); also art. Acidimetry, vol. i. ; 
Marsh (4'liem. Nows, 61, 2); Berthelot (Ann. 
('him. Phys. |vii.) 25, 39); Rondo (Pbarm. Zeit. 


It IS s'lid b) b(' ])re])ari‘d, ehielly in Holland, 
fr(>ni various .speiui-s of b(“liens, e.y. Leennora 
Uiriarrn, Koiccun hiu'toria, cVo., the same, in¬ 
deed, Afi are used in the manufaeture of orchil 
(^.i;.). Under the comliinm inllueneo of am¬ 
monia and atmosph.'Tic oxygen the proximate 
principles contained in these lichens yield 
orcein, the alkali salts of which are pifrjile 
(orchil); but if potassium or sodium carbonate 
is present at the same time, the reaction pro¬ 
ceeds further, ami ultimately azohtmin (the 
colouring matter of litmus), the alkali salts of 
which are blue, is produced. 

AccoriBng to G61ia fj. Pharm. Chim. 24, 277 ; 
Revue Scient. 6 , 50), litmus mav be prepared as 
follows. Orchil-weed is ground and mixdH with 
half its weight of potassium carbonate, and then 
repeatedly moistened with urine saturated with 
ammonium carbonate or with an aqueous solu¬ 
tion of this salt; the mass soon acquires a 
brownish-red colour (3 days), which gradually 
l^omes purple (20-25 days), and finally blue 
(30 days), yielding a litmus of the best quality 
in 40 days. The pulpy mass is mixed -with 
chalk and gypsum, then moulded in the form of 
cubes, and dried in the sliade. j 

By modifying the action of air and ammonia i 


41, 73))); LcHcoucr (Oorapt. rend. 123, 811); 
Luitke (Zcitsch. anal, ('hemu 31, 692); Foerster 
(ibid. 28, 428); Glaser (ibid. 38, 273). 

Litmus exlnbits a characteristic absorption 
spectrum. Kthcr extracts it from an acid solu¬ 
tion, and forms a yellow liq^iid, which absorbs 
the more refrangible end of the Bi)ectrum to a 
point midway between 1) and E. If the solution* 
is coloured blue by adding a drop of ammonia, 
an absorption-band is formed, commencing at D, 
where it is extremely black, anr^ gradually 
dimimshing to E. A blue aqueous commercial 
solution shows a wcU-marked absorption-band 
at I). Addition of acid changes the colour to 
red, the band at D disappearsj^and the spectrum 
! now resembles that of ccnolin, the colouring 
j matter of red wine •(A. H. Allen, Coni. Org. 

[ Analysis, 325). (Compare also .Vogel, Praktische 
j Sjiectralanalyse, 1877, 269.) 

Our knowledge of the chemist^ of the colour¬ 
ing matters coabained in litmus is very meagre. 
Golii (J. Pharm. Chim. 27, 477) extracted from 
it several colouring matters in the foUo-wing 
manner. After extracting commercial litmus 
with water, the insoluble residue is boiled with 
dilute caustic alkali and the filtered solution is 
precipitated with basic load acetate.. The blue 
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precipitato is waslicd by decantation until it 
begins to dissolve and colour the wash-water, 
it is then decomposed with iiydrogeii sulidiide, 
eiposed to air untij free from ex<'Oss of 
collected on a filter and digesti'd with dilute 
ammonia to extract the colourjiig matter. On 
adding acid to the filtered solution the main 
portion of the litmus colouring niatt».*rs is tlirown 
down us a r<-(l flocculent prt'ciiutatc. Tli(“ 
filtrate from this contains a very small quantity 
of colouring matter (a). 

On extracting the dried red j)r<'ci})itutc with 
ether and leaving tin* mange, solution ti* s]>on- 
taneous cvajioration, it yields a bright-ieil resi¬ 
due (jS) "cottaining crystalline needles Tins 
product IS msoliililo in water, but readily soluble 
in alcohol, also in alkalis w itli a violet eolour. 
The ])ortion insoluble in ether js dissolved in 
alcvhol, and on allowing the blood-red solution 
to ovaiioraU' sjiontaneously it yields a largt? 
quai'tily of a reddish-purple produet (y) liaving 
u bronze lustre. This rcjireHcnts t-la^ coloiuiiig 
matter mo.st abundant, in iiliniis. 

The residue, which is insoluble in water, in 
alcoliol, and in ether, (amtains anutlier product 
(8) which IS soluble in alkalis, from winch it may 
be precipitated by acids. The three products 
fi, y, and 8 , apjiear to contain nitrogen. 

An examination of htuius was made in 
IH40 by Kane (Uoyal iSoc. 'J'raiiH. 1H40, ; 

Ann. (Jhim. Phys. jui.] 2, f2t); Annalen, :{!), 
57; <1. Pharm. Plum. 1841, 5b‘J), who isolated 
from it the (diicf and characteristic colouring 
matters azoliltntii and mjlhtohtmin, togelhei 
witli criflhrolctn and spaniolthnin. 

According to Kano, linely juiwdcri'd com¬ 
mercial litmus IS extracted with bmlmg water. 
Most of the c<douiing matter rmnains m the 
form of an insoluble lake in the residue, to which 
liydrdbhlonc acid is add<‘U till elTervei-eimee 
ceases and the mixture is stiongly acid. 'I’he 
m.solubte matter mixed up with iibemtcd eolour- 
ing inatU'r is collected on a filter, washed free 
from acid, dried, and cxtiacted with boiling 
alcohol. The alcoholic solution is iilp-red from 
an insoluble reddish-hrow'u mass (impure azo- 
litmm) and then cvajiorated to dryness, and the 
residue is digested w'lth W’arm ether until it 
bocoines no longer coloured. On distilling the 
filtered ethen'al solution, irplhtoh iit is left as a 
purjile somi-fluul qvly substaneo. That ])ortioii 
of the alcoholic extract wliieh is ins<diible m 
*bther consists of cri/ihrohlrntn. 

'I’lie above-mentioned imjuire azolitmin is 
purified, cither by dissolving it in huge quan¬ 
tity of boiling water and evaporating the solu¬ 
tion to dryness, or by dissuhing it in very dilute 
ammonia, evaporating the .solution to dryness, 
iieutraUfling any residual ammonia by dilute 
liydroehlonc aewi, and washing with alcohol 
until free from aminonmm chloride and excess 
of hydrochloric acid. Ti.(‘ residue rei'resents 
puritied azolUmin. 

The colouring matter contained in the deeply 
coloured solution obtained in the first instance 
by boiling the commercml litmu!i-. with water and 
filtering, is isolated as follows The solution is 
precipitated witli neutral load acetate, tlie puiqdc 
precipitate thus obtained is well washed, sus¬ 
pended m water, and decomposed w’lth hydrogen 
sulpliide. The mixture of lead sulphide and 
liberated colouring matter thus obtained is well 


waslied and digested with warm dilute ammonia; 
the filtered deep-blue solution is evaporated to 
dryness, the residue is moistened with hydro¬ 
chloric acid, w’ashed free from ammonium chlo¬ 
ride and any excess of hydrochloric acid, with 
warm alcohol. 'I’lie residual deep brownish-red 
powder consists usually of nearly pure azolitmin, 
more rarely of spauioUimhi, a substaneo very 
similar to azuhtiiiin, l>ut wliieli does not contain 
nitrogen. 

Since sjianiolitmin occurs so rarely in litmus, 
and erythrolein i.s coloured reddisli-jmrple and 
not blue by alkalis, Kane considers azolitmin 
and i-iyllnolitmin to be (he essmitial colouring 
mutters of lilmus, ni wliuh they are combined 
wil.li ammonia, jiotash, and lime, and mixed with 
a eorisiderablc qiiantpy ot chalk. gy])sum, 

Azolitmin is a deep brownisii-nal amorphous 
jxiwdcr, insoluble in alcohol aiul sjiunngly soluble 
in,W'.U( 5 r, but readily soluble m alkaline solutions 
watli a jmre blue* colour. Its aiiniioniacal .si)lu- 
tion gives with metailK; salt solutions blue or 
jiurjile pre<'i])itul.es acconling as they are mtire 
or less basic m character. Kane's funnula for 
It IS Imt (Icrhardi considers it is 

best r(‘})rc,scnted by (’.lljNOj. It dilfers from 
all the other eo|i)uiiiig matUus isolated fium 
litmus by containing iiilrogcn. (h'llmrdt eon- 
sidcnsl it lo be dcrued from oicinoi, jiossibiy in 
a<-cordanee with the following I'qiialion : 

Nil:, C-lKNO.-l H,0 

or from orcciii thus l 0 

If tiie })(‘r{cnlage c omjx'sitioii assigni'd to 
this suhstiinee is eoircet, the exjduiiatioii ut 
the part ]»iayed by tlio iiei essary alkaline <‘ar- 
bouate in the manufacture of litmus may bo 
trliat it iaeibtati's and ineioases the oxidation 
i>f the oreinol, so that the oieein at first formed 
i.s changed into azolitmin (Perhardt, tdi. (Arg. 
3. 8 lfi) »- " 

Si'heitz (ZciIkcIi. anal. Chciii. lUlO, 4!l, 73(>) 
lias' isolated from litmus a blue colouring 
matter distinct fimm azolitmin in quuntity 
equivalent to I*.*) p.c of the w’eight of the 
purified material. It consists of a bright 
brown ]»ow<ler soluble m formic acid, pyrulnie, 
and ammonia, forming a bhiisli-violet solution 
with the la.st-nanicd solvent. Jt absorbs am¬ 
monia gas W'lth jirhilucTion of a daik blue am¬ 
monia eompound, which d/osolves in water to a 
reddish solution. 'Phis ammonia eompound w 
a iiforc delicate indicator than the oorrcsjionding 
dernative of azolitmin. 

Erythrolitmin, which ais<i constitutes one 
of the most important ingredients of litmus, 
i.*^ a bright-red powder, sparingly soluble in 
water and m ether. Jt is abundantly soluble 
m aleuliol, from which it may be crystallised 
111 the form of dark-re<l granular crystals. In 
strong! caustic }»‘>ta.sh it. dissolves with a blue 
('olour. With ammonia it fonms a blue com¬ 
pound which curiously enough is totally insoluble 
in water. With metallic salts it form.s lakes 
<jf a fine purple colour. According to Kane 
its formula is f'laPlogHe. f^^^d he considers it 
to bo an oxidation product of his erythroleic 
acid {C 13 II 22 O 4 ) obtaiued from orchil. 

Erythrolfin forms a crimson semi-fluid mass, 
almost insoluble in water, soluble in ether and 
in alcohol with a red colour, and in ammonia 
with a purple colour. With inetaliic .«all 8 it 



149 


LIVER OF 

gives purple lakes. Kane gives its formula as 
Its gcjieral properties ai’o very 
similar to those of the above-mentioned erythro- 
lep^ acid. 

Spaniolitmln occurs but rarely in litmus, 
hence its name. It is a bright-red substance, 
insoluble in alcohol and in ether, and very 
sparingly soluble in water. It tbssolves in 
alkalis with a blue colour and gives lakes very 
similar to Iboso of azohtmiu. KaiioV formula 
for it in 

Under ^he influeiuio of hydrogen sulphide, 
the coli>uring matters ol btinus are decolorised, 
Kane's idea being, that a colourless hydrogen 
sulphide coinpound is Huh formed. (!’. also 
Malaguti, Ann.('him. I’liys.[in 137, 3(Mi; Vogel, 
•I. pr. (Ihcm. [u.] !(>, 31 i.^ Nascent hydiogcn, 
and other reducing agents sucli as ferrous 
and stannou.s oxide, A’c , dccolori.se tlumi by re¬ 
duction m tlie ordinary manner. Azolitmin t^ius 
yields colourless h'Hcazoliimhi, which, however, 
rapidly oxidises and becomes coloureil on ex¬ 
posure to air. fi stannous cbk>rid(' is adfled t<i 
ail ainmoniacal Kolution ot azolitmiii, [uirplc- 
colnured staimous-azolifniiri is pieeipiiated; il 
tins IS boiled with slightly iK idulatod water there 
is formed the colourless coinpiaind of stannic 
oxide with leucazolitmm, winch, if exposed to 
air, changes into the biight scailei stannic- 
azolitmin. 

Deoxidising agents such as sulphurous acid 
and sulphites do not dei^olorise the colouring- 
matters of litmus. • 

Azolilmin and eryilirohtmin, suspended in 
water and .submitted to the action of ehlorine 
gas, are ileeolunscd and give yellow chlorine 
derivatives, cldornzohlmtn and chlorn}i(hro- 
Jilmin, substances insoluble in wattir, but soluble 
in alcoliol, etlier. and m alkalis. 

Jn ln.s*carho.st*memoir, Kane (Anniden, 3(5, 
324) mentions that on heating the colouring 
matters of litmus mixed willi chalk or gypsum, 
a rod vapour is given off which condenses in the 
form of crystalline scales (atmcryiliriu) soluble 
m alcohol. VVlicn heated alone, tins substance 
is not produced. Although Kam* makes no 
subsequent mention of tins bmiy it is jiossible 
that it was iiidirubin or even indigotin, since at a 
later date, Wartha (Bcr. 1>#2I7) slates that he 
found some sam])le8 of litmus to contain itidi- 
gotiu, recognisable by the violet vajiour given off 
on heating a few cubes of the oommerci,al,pro- 
duct in a test tube. Its presence may have been 
due to the use ot urine containing indoxyl in the 
preparation of tlie litmus. 

Wartha {l.c.) gives the following results of 
his examination of litmus. 'I'lie commennai 
product is well sliakon uji with alcohol ; the 
filtered purple solution thu.s obtained has a 
green fluorescence, and exhibits in the jjieetru- 
scopo a characteristic absorption band in the 
green with an almost total ab-sorption of the 
violet end. The colouring matter (a) itself is 
obtained on evaporating the solution. 

The litmus residue insoluble in alcoliol is 
digested for 24 hours with distilled water, and 
the filtered deep-coloured solution is evaiioruted 
to dryness. The extract thus obtained Is 
repeatedly treated with absolute alcohol con¬ 
taining a little glacial acetic acid aud again 
evaporated, so that all traces of water may bo 
removed, and there finally remains a brown 
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powdery mass. On extracting this with aliso- 
lute aloohid, a large quantity of a scarlet 
substance (h) is dissolved. It is similar to 
orcein and dissolves in ammonia w'ith a reddish- 
purple colour. That portion of the brown pow¬ 
der which is iusolnble in the acidified alcohol is 
dissolved in water, the filtered solution is eva¬ 
porated to dryness, and the residue is rojieatedly 
waslicd with absolute alcohol and cva])oratcd in 
order to expel all traces of acetic acid. The rc- 
.sidual brown jiowder, which is very soluble in 
water, with a reddish-brown colour, but ineolublo 
in alcohol and in ether, is the purified and ex¬ 
tremely sensitive colouring matter of litmus (r). 
Its alkaline soluln>n is blue, ita alflmuiium and 
tin lakes are violet, and its caleiuni and barium 
lakes blue. It ajipears to bo very similar to 
Kane's azolitmin, but it i.s said not t(* contain 
nitrogen* 3’lic yield of tliese various coloifting 
matters is as follows : in) 2'3 p.c,, (k) 34 p.c., 
(r) r»-7 p.c. (Mitciiell, Ubem. News, 1870, 140). 

An examination of the colouring matters of 
litmus was also made by Rochleder and Skraup 
(Wien. Anz. 1871, 118; Ohem. Zentr. 1874, 
424). Otlu i rek'renees are Magner, J. I'hann. 
(3iem. 12, 118 ; Desfosses, 14, 487 ; PereUi, 
ihid. 1 L 039. 

Of inti'iest also in eonneclion with this 
subject IS the fact that when iithyl-ainino- 
orsollinie acid oxidised by air in alkaline solu¬ 
tion it yields an orango-eolourcd dye possesHiiig 
ba.sic jiroperties (Heinrich aud J^orschky, Bcr. 
1001,37,1410). 

A peculiar blue colouring matter similar to 
litmus, ami ealle.d iourmnol cn drapcaiix, has 
long been manufactured at Grand-Uallargues, 
Dejiartemeut du third, Franco, from the Croton 
ii7icloruim belonging to the Enphoriiaocr. 
t'oarse linen cloth is steeped in the deepiiluish- 
, green saji exjiresseil from the berries and the 
tops of tlie plant, tlioii dried quickly in the open 
ail’, and exposed for 1-J4 lunirs between layers 
of strai^ to the ammoniacal vapours of larit or 
horse-dung {nliimivadon), care being taken not 
to Hubiiut them to this influence too long. Tlio 
cloth thu.s acquires a deep-blue colour. It is 
then steeped in the sap a second time and ilricd 
in air till it aeiiuires a purple or dull green, 
'riiesc blue elotlis are used liy the Dutch farmers 
for making an infusion with wliieh to impart a 
red colour to the outside 8f their cheese, the 
blue being changed to red by the lactic ami 
butyric acids of the cheese. 

According to July (Ann. (.fliiin. Phys. [iii.| (>, 
111 ) tlie cJjourmg matter jiervades the entire 
plant and is readily extracted tlfbrefrom hy 
water lieatod to On being evaporated, 

an azure-blue resinous mass remains. Acids 
cliange the blue colour of it^ aqueous solution 
red, and this blue is not restored by alkalis, the 
colour becoming theijpby rather greenish. It is, 
therefore, probably quite distinct from the colour¬ 
ing matter of litmus. Possi bly it is identical with 
the blue colouring matter whicdi can be extracted 
from anotlier jilant belonging to the Kupkor^ 
bia£e.(f, viz. Mrrcurialtf percni.in. A. G. P. 
XIVER-BLENDE r. Zinc-B'.ende. 

LIVER OF SULPHUR. Hepar sulpkuri; 
pgtafisa .svlphurata. 'I'his compound consists 
of a mixture of salts of potassium, chiefly the 
higher sulphide, and is prepared by fusing in a 
clay crucible a quantity of potassium carbonate 
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with half ita weiglit of flijwcsrs of sulphur. 
The fused mass is poured out on a greased 
flagstone and allowed to solidify, when it 
u^umes a liver-brown colour; hence its name. 
It is alkaline, and acrid to the taste, and when 
quite dry is inodorous; but when moist it 
smells of sulphuretted hydrogen. 

Xn medicine, it is given internally in cases of 
lepra and psoriasis; whilst externally it is used in 
the form of lotions, baths; as ointment in clironic 
skin-discasea, such as eczema, neabies, and pity- 
riass. It is also largely used as n plant-spray. ; 

LIXIVIATION. Lixiviation is the appiica- i 
tion of a liquid, generally water, to soliil bodies 
for the pur/j'ose of extracting the .s(»lul)]e part, j 
For instance, the preparation of pearl-ash by i 
dissolving out the potassium carhoiiate from i 
the wood ashes, and the pnqiaration of sodium ; 
nitfate from the crude nitiate, of beet, sugar by ! 
Schutzenhaeh’s process, are all a[>pii(‘ations of | 
water to extract the soluble ])art. 'l lie (‘\lrae- i 
tion of gold from the tailings obtained from the! 
stamp batteries, by means of dilute jiotassium i 
cyanide solution m the f)resene(‘ of air, atiords 1 
another examjile of the process of lixiviation i 
In cairying out this })rocess on a commercial 
sitale, three things are sought to !«' attained: 
First, that the resuluo .slioulii hv. eoinplctely 
exhausted of soluble mutter; Nceoml, (hat the 
solution obtained should he iieaily saturated ; 
and, thirdly, that the process should he con¬ 
tinuous. A senes of tanks is therefon' pro¬ 
vided, standing at the same lex el, and i>r(ivide<l 
with false bottoms covered witli a liKenng bed,! 
and with connecting tubes, jmiups, am! so on. j 
Each of these tanks contains the suhstaiice to ' 
be lixiviated, and the water 1ra\ els from tank to j 
tank, incrensing in saturation. I 

Thv process is .■ao arranged that at any given ! 
moment a neaily saturated Injuor ts piihsing I 
over a fresh supjily of the substame, while clean j 
water is running through the nearly exhausted 
residue. When the ri'siduo in any tanjv is com¬ 
pletely exhausted it is riuuoved, fresh Rtuti ])ut 
in, and that tank made the last of the scries, j 
in some cases a jmnip is necessary between each ! 
tank to pump tlie liquid from beneatli the false i 
bottom into the next tank 

If the solution formed is of high sp.gr., so ; 
much pumping is not necessary. One detailed ' 
description will sunice. In the prejiaration of 
ooda by the Leblanc process, the black ash 
(roughly sjieaking, soluble sodium carbonate 
and insoluble calcium sulphide) 's lixhiated. 
For this purpose, four or more iron tanks are 
used, built side by side, each about 10 feetx j 
10 feetx6 feet. Each tank has a false bottom ! 
of perforated iron plates, and a large cook in the j 
bottom, by which all the liquor it contauis can i 
bo run off. It has also an overflow pljic, rising j 
from below the false botti>i|^ and communicating j 
with the next tank, and a second overflow pipe ' 
which eommuiiioatea with a trough outside.' 
The first tank is oonnectod w'ith the last by a i 
pipe. Any of these pipes can bo closed by i 
i»lugs or cocks. Suppose the process to ht^ in ' 
full working order. Fresh black ash, broken in j 
large lumps, has been placed in tank 4, on a' 
bod of cinders laid over the false bottom. 
Tanks 3 and 2 contain partially exhausted 
black ash, and tank 1 completely exhausted 
black ash (tank waste). Tne overflow pipe 


, between 3 and 4 is opened, and a pump con- 
i nected with 1, whicli pumps the liquor over into 
I 2. It flows from 2 to 3. from 3 to 4, until 4 
I is full. Tank 1 is now cut off, emptied, cleaned, 
! and a fresh supply of black ash put in. While 
j this is going on, fresh water is flowing into 2, 
and sufficiently saturated liquor flowing away 
! from 4 by the outside overflow pipe. 4 is 
' now conueeted with 1. TJie liquor is pumped 
j out of 2 into 3, flows from 3 to 4, from 4 to 1. 
i Wheu 2 is empty of liquor it is in tlie same way 
cleaned out, and a fre.sh charge pu^ in, and so 
the lixiviation is kept conlinuouR, strong soda 
solution running off at one end, and exhausted 
tank waste being removed at the other. 

LOADSTONE. A name aj>j)lied to those 
Ryiecimens of the mineral magmdiU' {q.v.) which 
arc mTagnctie with polarity, and are thus capable 
of orientating themselvcR when freely suspended. 
AK siiecimens of magnetite are readily attracted 
by a magnet, Imt only few oxliibit polarity in 
their natural state. Such speeimens are found 
ill exposed situatioriR in mountanious districts, 
e.g. lu the Ural uud Harz Mountains, where they 
have no doubt been magnetised by the electric 
discharges of lightning. Such stones were at 
an early period mounted in iron frames and used 
as natural magnets For historical details, str 
William Gilbert, Ho Magncle (l(M)O; English 
edition with notes 1)\ S. P. Thompson, 1900). 
S r. 'rhoni|)3on on Petrus Peregrinus’s Epistola 
de Magneto (Proc. British Acad. 1907, vol. ii.). 

L. d. S. 

LOBELACRIN r ]>ob£LU. 

LOBELIA, hbdmn iohacro (Lohilic enjlie, 
Fr.; Lohdud'raut, tier.). 'I'hc ollicial lobelia, 
Luhchii inJUila, was {lescribed by Ijinnauis xn 
1741 (Acta kSoc. Reg. Seiont. I’psal. J74()) from 
HjKfCimens cultixatcd by himself, but lie does 
not ascribe to it any medicipa) pioj.erties. It 
is an annual herbaceous, somewhat pubescent 
plant, attauiiug a height of from 9 to lb inches, 
with luconapuiuuufl bluish racemose inflorescence. 
It is indigenous to the Eastern portions of N. 
America, and is cultivated in European gardens 
.(Fhick. a Hanb. 399; Bentl. a. Trim, 1(52). 
According to J. U. and 0. G. Lloyd (Pharm. J. 
[iii.] 17, 5t)t)), the first to employ lobelia in 
medicine Was 'I’honvion, an American herbalist 
of some notoriety about the end of the eighteenth 
century. The ludiaiiR, although they made use 
of tlye great lobelia, L. syphilitica (Linn.), wore 
not acquainted with the L. inflata, as has been 
commonly supposed, and as one of its names 
would imply. 'J’ho drug only gradually came 
into favour as an article of materia inedica, and 
it forms the ethereal tincture of the British 
Pharmacopoeia (1914). The herb should be 
gathered when, after flowermg, some of the 
capsuloiy have boi^ome inflated. In physiological 
action, lobelia resembles tobacco. It is an acrid 
narcotic poison, but in small doses is expectorant 
or emetic and is employed in spasmodic asthma 
and diseases of the respiratory organs. The 
seed itrtnoro ai-tive than the herb, but the latter 
is almost exclusively employed in medicine. 

The plaut was investigated by Colhoun in 
1834 (J. Pharm. Chim. [ii.J 20, 646), W the 
first definite results were obtained by Proctor 
(Amer. J. Pharm. 9, 98; 13, 1). The seed was 
exhausted with spirit containing a little aoetit^ 
acid, the solution evaporated, and the residue 







mixed with magnesia and extracted with ether. 
On evaporating the ether an acrid alkaloidal 
substance, hbSifte, remained, which by con- 
vereion into acetate and treatment with animal 
charcoal, was obtained in a purer form. Lobelia 
was further studied by rcreira (Mai. Med. 
2ud ed. 2, 584), Reinsch (Pharm. J. [i.] 3, 128), 
Bostick {ibid, ji.] 10, 217), K. F. i\layer (Amer. 
J. pharm. 37, 209), Richardson {ibid [iv.J 2, 
203), Lewie (Phann. J. [in.] H, 501), Dragendorff 
and li^soo (Chem. Zeutr. 1880, 873), .J. U. and 
('. G Lloyd (Pharm, 3 [iii.I 17, 500, 08(5, 1037 ; 
18, 136), Rresser (Arch. ex]). Path u. Phann. 
20, 237), Wioland (Ber. 1921, 54, 1784). 

Lobeline, according to J. U. and ('. Lloyd, 
is a colourless, odourless, amorphous jiowder, 
extremely active, a very small quantity of its 
solution applied to the tongui* causing immediate 
vomiting. Soluble in alcohol, chloroform, other, 
benzene, carbon disulphide; slightly soli^rlo 
m water. Oxidised by ])efmanganate, it yields 
benzoic acid (PacliKis ami Sniits, Monatsli 
II, 131). Salts of lobeline are solubhi in water 
nr alcohol, but, c.xiieptiiig the acetate, not in 
carbon disulphide. 'I'be iU[ueous sohition is 
prec.i})itated by alkalis ami alkaloidal reagents. 
Its hydrochloride can bo removed from its 
aqueous solution by repeated agitation with 
chloroform, and its final puritnalion lan be 
effe< 5 ted by crystullisation from alcohol, ben'/ene, 
or ether Gives a crystalline platmoeliloiide. 

Lobeline. which, ac(;ording to Dresser, is the 
only active constituent of lobclin, has t^e 
formula O 23 H 29 O 3 N (WiolaiuJ, l.c.). Jt crystal- 
I 1 SO 8 in broad colourless needles, 111 .p. 130"-13r’ ; 

42'85'^ in alcoholic solution. The sul¬ 
phate, nitrate, bromide, and chlondo ar e placed 
in order of increasing solubility in water; they 
are crystalhno neutral salts, 'i’he base is 
nionacidi?. ft i» readily liydrolysed to aei'to- 
phenone. Contains no kctonic or hydroxy 
groups; tbe lactone ring and niethoxy groy]) arc 
absent. The nitrogen atom appears to be in 
the tertiary form. 

Lobeline appears t<i occur in llie jdant in 
combination with lobdtc and. It is jirecijutated 
from an aqueous decoction of lobelia by eojiper 
sulphate, and may lie separated by treatment 
with hydrogen sulphide ftud extraction with 
ether. Small acieq^r crystals, soluble in water, 
alcohol, or ether 

Lohdidtne 02 ®H 2 j 02 N is isolated frong the 
hnal ethereal mother liquors obtained during 
the preparation of lobeJine, in the form of small 
irregular prisms, m.p. 106^ Its hydrochloride 
has m.p. 166® (decomp.). 

LOBINOL. A poisonous, imsuturated phenol, 
having two hydroxyl groups in the ortho posi¬ 
tion, isolated by McNair (3^. Amor. Chem. Soc. 
1921, 43, 169) from the bark o4 Rkwt diy^rsiloba. 
An amber-red oily liquid giving acetyl and 
benzoyl and other derivatives. 

LODAL. Trade name for 0-7-dimethoxy- 
2-metbyl-3-4-dihydro<soquinoliaium chloride 

^ Used in medicine as a pressor substance. 

LOESS (Oer. Loss). A pale buff-yellow, 


I porous, friable, fine-grained material occurring 
I in oortain regions as extensive deposits, which 
j are probably in moat oases of teolian (wind-borne) 

I origin. It consists of minute angular groins 
of quartz and other rock-forming minerals, 

; flakes of mica without definite orientation (in 
' ro( 5 ks of aqueous origin the flakes of mica lie 
j parallel to the bedding planes), and clayey and 
; calcareous material 111 varying proportions. Jt 
therefore varies between wide limits in chemical 
composition as illustrated in the following 
analyses : I and II, Loess from the Mississippi 
; valley; on material dried at 100 ”, the HjO 
; includes R from the organic matter (T. D. 

I (hamberlin and R. J). Salisbury, Okli Ann Rep. 
U.S. Geol. Survey, 1884-86). Ill, Adobe from 
; Santa Fd, New Mexico; also (!10*34. IV. Adobe 
; from Salt l.ake (‘ity, Utah; also Cl 0*11 (Ill 
and IV 1^ J^. (i. Kakius, quoted by 1. C. Ru^oU, 
i Gool. Mag. 1899). V, Loess from Bonn on the 
Rhino (G. Kischof, Chem. Geo). 1855; stated 
j as Calk)^ I7-(5,3, Mgt'Oj, 3-02, MgO 0-21). VI, 

; ‘ Blaelv-onrtli ’ (chernozem) from Russia (E. 

; IdiillijiH 111 R. I. Murchison. Geology of Russia, 
I 1845 ; also (!l 1*7, traces of humic acid, SO*). 


72-(;8 60-(19 (ib-OO 19 24 (»2'43 CO’S 
0-72 0-.52 . — 


1 f. n. 111. 

;SiD,. . 72-(;8 60-(19 (iO-OO 

:TiO,. . 0-72 0-.52 - • 

'A]/), 12-0.3 7-95 14 16 3-26 

3-.63 2-61 4 38 1-09 

KcD . 0-96 0-07 - 

MnO . 0-06 0-12 0-09 trace 

(^aO . 1-5!) 8-96 2-49 38-04 

MgO . Ml 4-66 1-28 2-76 

K.O . 2-13 1-08 1-21 trace I 

Na„0 . 1-68 M7 0-07 trace ( 

P .65 . 0-23 0-13 0 29 0-23 

SOj . 0-51 0-12 0-41 0-53 

(3)„ . 0-30 0-63 0-77 29-57 

11.6 . 2 50 M4 4-9.3 1-67 

Org. mat. 0-09 0-19 2-00 


7-51 13-5 
5-14 7-0 


,100-21 99-54 90-72 100-36 JOO-00 100-0 

Wlien rubbed between the fingers the material 
IS soft and friable witli a harsh feeling; but, 
owing to its homogeneity and lack of bedding, 
it can stand up as vertical cliffs some hundreds 
of feet in height. T^oess is of wide distribution 
in the Rhino valley, and extends through central 
Europe and Asia into Cl^na; in the latter 
country reaching its maximum development 
and foruimg in places deposits of over 1000 fodl 
in thickness. Throughout the Mississippi valley 
it is also a eommon surface deposit; and a very 
similar material, known as adob%, is widely 
distributed in the arid regions of the south¬ 
western United kStiites and Mexico. The 
material is much used for brick making, especially 
the sun-dried bricks of primAive peoples (hence 
the name adobe, which means in Spanish a sun- 
dried brick). The rtiore calcareous varieties are 
used for mortars ami cements. When con¬ 
taining miudi orgunii! matter it forms a fertile 
-soil, e ff. tho well-known hlark-eartk or chernozem 
(tchomozem) af south Jtussia. 

•For further analyses, $ee If. G. Schering, 
Chemische Untorsuchungen fiber und 

Lehm, Diss. Freiburg.-i.-Br. 1909 ; P. Werling, 
Chemische Untersuchungen fiber den Loss der 
Pampas-Formation Argeutiniens, Dise. Freiburg- 
l-Br. 1911 L. J. S. 
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LOGWOOD. LoRwood or (lamiieachy wood hicmatoxylin to analysis, and proposed the 
is ono of tho most important dyestuffs, and at; formula which ho subsequently 

the present time is very laiRcly employed. ; altered to This latter formula was 

Although for a long time it has suecessfully ; confirmed by tlesse {l.c.) and at the present day 

competed with tho artificial colouring matters, : is accepted as correct. 

its supremacy as a cotton dye has Ix'cn affected Hy fusion with alkali, ha-matoxylm yields 
tel a considerable extent by the introduction of pyrogallol (Iteim, Ber. Ib7i, 4, dJt), ana 
siilDliiilft bl.'iokK. aocordinu to kj. Ki 


the sulphide blacks. 

Logwood appears to have Im’CU lirst import’d 
into Kuropo by tli(“ Spaniards sliortly after the 
discovery of America, and has be<'n cultivated 
in Jamaica from the. year 1715 In the tmu* 
of Eli/ab<“th its ('luploymeiit as a dye was 
prohibited by Aet of V.irUainent, and hu^c 
quantitiC!* ot^ llie wood \ver<‘ burned, because it 
was said to produce fu.icitive colours. 

ItiH derived from the JJa'm>Uo.ri/l()n ((iiripcchid- 
ntun (Jviiin.), a tree wliieh belongs to the family 
(Jaesplpntiacav, and is a native of the waimer 
part of South America and some of flie West 
India Islands. It al.so grows in the island of 
Mauritius, ami ti’ials jiidjcale iJiat. tins wood is 
ol good quality (private comtiuinieatioii) 

JiOgwood usually comes into tJi(' market in 
large blocks weighing about 4tl0 lbs. 'Fhese 
externally aio of a (l(‘ep brown colour, but 
intern.illy have a nuieb lighter tint. 1 'lio best 
qualities come from -lamaiea, Honduras, and 
St. Dfimingo, for the true C’amjieachy wood, 
at one time ('stcf'ini'vl to be the best, is now 
practically exluiustf'd. 

1 'ho colouring principle of bigwoml, hatwa- 
toxifhn, was lirst isolateil in a ciystulbne eon* 
dition by Chevroul (Ann. (him. [ii.J 82, 52, I2b). 
who obtained it by extrioting the wtiod with 
ether, evaporating' the extract, and digesting 
tho residue with alcohol. AfUT rbstillmg oil 
the aieohoi the residue w’as allowed to stand m 
contact with watei, when the ha«matoxyini 
separaWd in (Tystals. Jt may also h(‘ ])iejiaied 
by similarly trciiting eommereial logwood extract 
wliich has been incorporated witli a large 
quantity of sand ((h h. I'h'dmann, Annaleii, 
44, 21)2; .1. pr. Chem. 25, 1!):{; 2(‘5 ; 75, 

>\>r tins purpose etlicr eontaimng wate»j 
is jireferable (Hesse, Animlen, lOt), 232). It is. 
Iniwevor, more easily obtained fitun the dark- 
coloured crusts wlncii slowly sejtarate when 
concentrated logw'ood liquor stands for some 
time in a cool place. The crude mass is ground 
to a fine powder, ^ extracted lejanitedly witli 
ether, the otliereal solution evaporated, and the 
iSisidue left m (contact w’lth water, when dark- 
coloured crystals Hoparatc, which by recrystal- 
hsation from water containing a sniull quantity 
of sodium bi^ulplule, may bo obtained colourless 
(W. U. J’erkin and Yates, (Ihetu. tSuc. 'ITans. 
11)02, 81, 230). 

Pure h;ematox_\lin crystallises in jinsms 
with JlljO, and 4 s sparingly soluble in cold, 
readily bo in hot, water. Its aqueous solution 
is coloured purple with in’kahs, and tlus on 
exposure to air eventually assumes a browm tint. 
Hsematoxylin is dextro-rotatory, a 1 p.c. 
aqueous solution having a rotation of 1*85 in a 
200 mm. tube. It reiylily reduces salts of 
silver and gold, gives with alum a rose-led 
coloration, with iron alum a violet-black 
' precipiUvte, and with neutral and basic lead 
acetate at first a colourless and then a blue 
deposit which darkens by air oxidation. 

0. L. Erdmann {l.c.) w'as tho first to submit 


Of|/ 


according to 10. Erdmann and Schultz (Aniialcn, 
215, 234} also hwmie acid. K. Meyer (Ber. 
1875), 12 , J302) subnutted hieniatoxylin to 
destructive distillation and considcn'd that in 
this manner not only jiyrogallol but also 
n'Horeinol is juoduced. According, however, to 
W. 11. Perkin aiul (hlbody (Chcin. »Soe. Trans. 
15)02, 81, 245), no lesoreinol is thus obtained. 

Jteim aectylated hieiimtoxylin with acetyl 
cldoride and jfrepaied a substance w’hieh 
appeared to be the hexa-ucetyl derivative 
(',flll«()fl(('Jl/))«, and as a result suggested 
tin; following constitution for this coloining 
jirineiple :— 

Oil Oil 

,/ \_„/ \_/ 

Oil oil 

E. Eidmami and Schultz (Annahm, 1883, 
2Hi, 234) re-examinevl Jleim’s cfmiiioiind and 
showed that Dus was 111 n'ality a 
hicmatuxi/Uii ('i6JI»Oe(('jll,d^}v lt'5'’’-15ti'^, 
and that Juemntoxylin thiTefoic <'Oiitains live 
hydroxyl groups. This result was conlirined 
by the woik of Iferzig (Ahmatsli. 185)4, 15, 143), 
wlio, by the action of sovhum metlioxidc and 
metli}) iodide on luematoxylm, obtained the 
(clxinxilnjl dfrnxiinr Oi«lljoH.dH^h‘),j, ni-ii. 

a substance wnicli still Cf>ntains a 
hydroxyl group, since on treatment w^ith acetic 
anhydride it yields aceiyltetra)tidhylha‘malo.rylin 
(’,«Hy 0 ,( 0 Me\( 0 Jl 3 O), m.p. 178^.180". It 
W'as thus sliow'H that hajinatoAvlin like Inazilin 
contains an alcoholic hydroxyl' group which is 
not methylated by means of methyl iodide and 
sodium methoxide under the usual conditions, 
and indeed it has long been considiTed probable 
that these tw'o colouring matters arc closcdy 
allied lu constitution (Liebennann, Ber. 1875, 
1), 1883; cf. also Hummel and A. (4. Perkin, 
Chem. Soe. Trans. 1882, 41, 373). 

The following derivatives of ha-matoxylin 
have also been prepared :• 
lorylin EjeHBOfOC'Ha)^, plates, m.p. 144°-147° 
(HerLig); dibromhcomatoxyliu E| 6 H| 2 BrjO 0 
(Dralle, Ber. 1884, 17, 373); pcnfa-acctyl- 
bromha’matcxylin Ci 0 HHBrO 0 (C 2 H 3 (J} 5 , needles, 
m.]). 110° (Huchka, ibid. 1884, 17, 585); pcnla- 
acdyUeirubromkaimtoxykn C,,H 5 Br 40 „((' 2 H 3())5 
(Dralle); and h(emtto.njUiij)lUhalfiHL\Qiijf,i)n 
(Letts, Ber. 1870, 12., 1552). 

Our main knowledge of the elicmistry id 
hauuato cylin and'the fact that it is in reality 
hydroxybrazilin Is dii<‘ to the elaborate researches 
of W. H. Perkin and lua pupils, and their ii'SuUs 
have arisen mainly from a study of the oxi¬ 
dation products of ha'matoxylin tetramelhyl 
other. 

According to this author (Chem. Soo. Trans. 
11)02, 81, 1050), tetramcthylhaDmaloxylin is 
most readily prepared by treating the solution 
of hiematoxylm in alcoholic potash with methyl 
, sulphate, a method which had previously been 
' found serviceable by v. Kostanecki and Lampe 
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(Ber. 35, 1069) for t-he production of 

trimpthylbrazilin from brazilin. 

When tctramcthylliajmaioxyUu is oxidised 
with potassium permanganate (Perkin and 
Yates, I.C.), it yiel^ m-hemipinic ctc»d 


COOli/^OCHg 
GOOfll^y—OGlis 


an iiuporlant result, because it is thus certain 
that meniatuxyhn like brazjlin (Gilbody, INTkin 
and Yntei^ ('hem. Sue. Trans. 1901, 79, 14(K)) 
contains a oaleelioi nucleus. (jonHci|uemly, 
whereas in the molecule of brazilin a resorcinol 
and a eati-ehol nucleus oci ur, in hiematoxylin 
pyrogailol and cali'clKil gfoiips arc ])rcsi‘n(. 

In iuldiMun to i//-heniipinic acid, large 
{|imMlities of a second acid in.}i. 215", 

are produced. This js '2-ciiiho.rif-i'i : ij‘dinicl]io.i}/- 
phcnoxi/ardii arid {1}— * 


hemipiiiic 'anhydride, ^'’hijdwxy’W : 4': 4 : 5- 
Mra'tnelhoxybcnzoyJbcnzoic acid is produced:— 
OMo 

MeO/NoMo CO—/^OMo 

^'^CoJs^JoMo 

OMo 

_^McO/\-Olt ('0,H^|OMo 
l^/OMo 


V' 


'(;o 


'riiis keionic acid is then converted by ri'duclion 
with sodium amalgam into 2'm^iicsotn/l-iy : t»- 
nullui.rijphnutl (1), winch by Irt'utment with 
chloracctic acid and sodium hy<li'o\ide gives 
the lactone of diiiydroha niaioxylinic acid (2). 

* Met) • 


OMe 


ft) 




Met) 


Met) 


/\ 


Mo(Y ) 01 l 

('> U (.'i 


O 


;('0 


-0 CU,‘COOII 
-t.‘(.K)ll 


-t)-('ji,tutus 

-OttHI 


M <'0 


Met) 


analogous to the ‘2-<'att)<ixii-ii-ni(tli(i.njphi mu i/- 
ticdn iat<l (2) wimii was obtained in a similar 
maimei from brazilin triiiuihyl ether (fee 
BiiAZii.Wdon). 

Finally, iiom the jiiodmd. of tJie oMd.iiioti 
a third compound /nriiiafoxi/linir ii( id C^oHj(,( 
m.p. I80‘\ was isolated. This on leduetion witli 
Kodiiim ani.algam is eon verted quantitative!) 
into an aeul CooH-^oGn. which is a monobasic 
laetonie <oul, aqd it is therefoje, evident that 
the lattei jh luodmed in two stages thus 

l',„ll,,,0,0-1 211- U,„ll,,t),„ • 

ila'umntx.v- iMliy<lroli.(‘iii.ilo\j - 
liiiic aciil Jiiiic acid. 

Tiiirione of dihyilro- i 

tiiematoxyhiiH- a<‘id ' 

The. constitution at jir*( assigned to hauna- 
toxylinic a^id by iJfese authors w^as as follows :— 


(^) 


OMo OMe 
O -CH/ 00,11 


0 


(.’ll 


^t 'O 


\ 

\ / 

OMe OMo 

(.‘onsequcntly, tlu^ lormuhe of hoematoxylinic 
a<-id (.3) ami of fliliydrohainatoxylinic acid (4) 
are thus represented— 

OMe, 

MeO;'' —O—t’lla-CO.H 

(K) 

• /■ \ 


OMe UMe 


OMo 


OMo 


Mol)/ 


. 0 ^ 


coon COOH 


/\ /OMe 


but tins, and the corresjioiuling Inennitoxylm 
formula— 


()J[ 


(K 


HO/\ CH- 

I Jv ,CH—i:h. 


—/ NoH 
'oh 


M.;()/\—0—CH,'C0,H 
\/' CHIJH COOH 


(4) 


OMo OMc 

Knun lliose faols tlio oonsLit.ulinii oMuoniatoxylin 
itsoif nutuialty follows : — 

OH 


were subsequently rnixUlied, as the result of 
the synthesis of tlie lactone of tUhydro ha'nm- 
toxylinic acid referred to above (Perkin and 
Robinson, Chem. Soc. Trans. 1908, 93, 492). 

When aluminium chloride reacts with a 
mixture of pyrogailol trimethyl ether and m- 



and this is identical with that which Pfeiffer 
(Chem. Zeit. 1904, 3, 380) from theoretical 
considerations suggested as possible. 

Other constitutional formules have been 
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to hromatoxylin, of which that of 
BoUina, v. Kostanecki and I’anibor (Ber, 1902, 
35, 1078), analogous to the braziUn formula of 
Feuersteiii and v. Kobtanecki (Bor. 1899, 32, 
1024), is of intorcbt— 


OH 


0 


nor 

s/ CH'-OOil) 


■. 1.-0 


OH 


OH 


It was* h(«A^over, evident that sucli an e.xjjrcs- 
sion does not account, for the prodiietioii of 
wi-hemipinic aenl or 2-carboxy-r); (j-dimethoxy 
phonoxyaootii. acid by the oxidatirm of h/rma- 
tox>t!in iotiamethyl ether. Oji the otl^'T hand, 
V. KoHtanecki ami Larnpe (Her. 191)2, .'15, ](il»7) 
at first suggested that j.rovioiis to tlie degiada- 
tioii of tin. methyl ether by oxidation witli 
permanganat.' an juti'niul linkage is j.rodueed, 
with production of the following eonipound 

ooli. 


tetramethylh®matoxylin with permanganate 
(Gilbody, Perkin and YatOB, he.). 

Herxig (Monatsh. 10, 900) submitted acetyl- 
tetramotliylh®inatoxylin to oxidation wdth 
chromic acid and obtained a new product, which 
on hydrolysis gave tdrarmihyldchydrohmrM- 
\ toxylin ('j,H^* 0 ( 0 Mc) 40 H. This latter, on 
' acetylation, yielded acdylUtramcthyldehydro- 
' h(p,m((tonjlm ('jJl 60 ( 0 Me) 4 ( 0 (^n 30 ), and by 
I niethylation penloideth/ldchydrohamatoxylin. 

\y. II. Herkin (Ohem. 8oe. Trans. 19^2, 81, 
J 0o7) oxidised tetraniethyliio'matoxylin with 
elmnnic acid, and obtained a substtince Icfra- 
w.dhyUtwmnto'xylonr (’ijH, 0 ( 0 Me) 4 (()H) 2 , corre- 
spondiiig ill ail its reactions with trimethyl- 
brazilone. For this, at that time, the formula 


MoO 

MeO- 


..0 


/\, 


'(’ll-()il 


(.Kl)!'- 


O.Mo 

OMe 


.. V 


('ll 


('IP- 

I 

CH.- 


/ ' \ 


(H'H , 

(Vll, 

msidcred. 


These authors ultmialely 
W. H. that a ™ h.-iiHi.irm, 

rwuluc IS (■ontaiMi-,1 m liaoinatoxvlin tclrariiftlu I 
other, 011(1 os a result |)ri>iK.so'(l the fiillowii'ii: 
liioililicatinii „t tl'Cir lermiila im- this eoJoiiiiij" 
matter^- ~ 


was |>i‘opose(l. In addition to this eunijioiind, 
2-caii>o.\y-r>-0 diinellioxypheiioxyaeetie acid and 
I nobennpinie acid were also jjioduced duiing 
i the oxidation. V\’iion iligeeted with acetic 
i aiiliydride, tetranietliyllKTiimtoxylonc givev 
uf'iliilaiiliydwIctrmHdhylhminaUyxyhntc 

t'igHgO(().Me),(()('2H:,()) 

j evKlently identical with ller/ig H acetyltetra 
inctliyldLliydrohamiatoxylin referred to above. 

H,\ hydrolysis tliis eouijiound gave anhydro- 
letnunetliylliR'maloxylouc CjjHj 0 ( 0 Me) 40 H— 


McO 

i\lo() 


OH 


' O 


. 10 /^ 

^Z Cl 


0 . 


C- Cli- 


.. \ 


OMe 

/OMe 


011 0.1 


CH(Oll)- 


\ 


^Ull 

~)H 


Bfciinitfixyllu 
Again, Horzig and Poliak (Monatsh. 190(>, 
27, 743: Ber. 1909^39, 297), in a criticsm ot 
the earlier formula of Gilbodv, Perkin aiul 
Tatcfl (he.), suggested, among i>ther>, two 
possible couHtitutions for braziim, tbe second 
of which is identical with that of v. KoHlanod 
and Lampe/sec; above), and wliieh applied t 
hiematoxylin, ore thus represented 

OH 


In/i. later ]ia})or Perkin and Jlobinson ((.'hem. 
Soe. Trans. 1908, 498) discarded these exjires* 
sioiis and assigned to tetramethylhaimatoxylono 
the constitution given below. These authors 
consider that during the oxidation of tetra- 
uiethylhaimatoxyhn with chroipie acid, a 
destruction of the contra! linkage occurs, and 
the unstable dikctof.e which i.s thus formed 
undergoes aldol condensation' with the produc¬ 
tion of tetraincthylhamialoxylonc— 


•lu 


MeO 

MeOZ-^^, 


( 2 ). 


0 


,z 


0 


Hlil. 




HOHO< 

• r 


OH 

Ijd 

( 1 ) 

z I 

CHj 

\ .. / OH on 

OH on 

Those foriuul® of v. Kostaueeki and liainpe , 
and Herzig aftd PoUak cannot, however, bo' 
eorreot, as they do not account for the formation ' 
of haunatoxyliiiic acid by the oxidation of' 


^ \ 

C(0H) 

Oil/ ZcH. 

' Z \ 


OMe OMe 
TetrameUiylhiematoxylin. 


MeO 


0 ■ 


MeO, ' NCH, 

I J I 

< 

OMe OMe 
Blketone. 




LOGWOOD. 


165 


MeO 

Me0/V°\^’^N3H, 


\/ 


I 

^C(OH) 


' expressions which harmonised witli t licit sug* 
; geated constitution for htsmatoxylui (l.c .):— 

, MeO Q 

TAcO^'\/ \3H 


OMe* 


OMo 

'rofraineUiylIi£cmatoxylom*. 


'J'his iiormula indicalcH that totramoiliyl- 
hioinatoxylone is a derivative both of coumaran 
and tctrahydronaphtlmleno. 

'L'ho formation of anhydrohaomatoxylonc 
by means of acetic anli^-dride (^.c.) is due to ; 
the elimination of wiiti'r from the aide! group- , 
ing in tetramcthylha“mat()xylone, and the 
constitution thus given to this substaiK-o ro- 
presentw it as a derivative of /^-naphilml, 
with which indeed it has many pioperties in 
common— 


( 1 ) 


>. / \ / 

HO-0 

i 

HO'CH- 


/ 


.OMe 

OMo 


MeO 


Os 


MeO,-^ 


C^) 


i; 

Cs 


0 

II 

JIO'C— 


■\/ 


• * 


'^OMe « 
OMe 


MeO CfOH) 

/ . 

MeO' 0 OK 

UMo 

• 

When acetylanhydrotetrametliyllueinatoxy- 
lone IS treated with nitric acid it readily reacts 
with the forniation of the monouitro compound 
(t*crUin and Kobinsun, ibid. 381)— 


Aeiouliiig tn iheHc authoi-s, when tetra- 
inetiiylhaMiiiitoxylone is tiealod with alcoholic 
sulphuric acid, a new corupouml (I' or 4') 
hi(<li01II-".i: t . b': I'-lf fraifK lhoj'Jjbrazmf is fiirmed, 
whu'h IS reiiresented by one or other of the 
annexed formulas:— 


MeO 0 





[ J JoMe 

Oil 


McO 

\/ 


/O 



OMe 


and from tins substance by reduction with zinc- 
dust and hydrochloric acid the corrospondiiig . 
amino* derivative is produced. This, when , 
oxidised by ferricwdilorido, yields teirametkoxy- , 
n-brazun<jiUiHonc {cf. v. Kostauecki and Rost, | 
/.c.)— * 



MeO 0 011 

MoO|^|'^ 

or \/ 

Oxidation with chromic acid converts this 
substance into 3 * 4 : b' : T-U'lramefko.rifhrazan- 
qninnuf ( 1 ), wluch by reduction and acetylation 
yields 3 : 4 : b'; T'-tetrumctlioxy (1': 4') diocet- 
oxybrazan ( 2 )— 


' -./X/NlMe 

— I / . /DM® 


MeO 0 
MeO,-' 


( 1 ) 


,eO/X ' 


\/ 


|i 

o 


^UMo 

OMe 


OMe 



That this substance is an orlho-ijuinoiie is ' 
shown by its behaviour witii o-tolylencdiamine ■ 
with which it condenses with formation of a 
characteristic quinoxaline. On reduction, the , 
quinone is converted into the corresponding : 
dihydroxy derivative. j 

V. Kostanecki and Rost (Tier. 1903, 30, j 
2202 ), on the other hand, premosed for the | 
tetramethylhflsmatoxylone ( 1 ) andanhydrotetra- ' 
methylhamatoxylone (2) of Perkin the following i 


MeO O OAc 



Wiicii distillled w'lth zinc-dust, both hydroxy- 
tAramethoxybrazan and tetramethoxybrazan- 
iiuiriono yield najihihnlen^. • 

llcrzig and Poliak (Ber. 1904, 37, 031) also 
found that cold concentrated sulphuric acid 
converts tetramothylhjematoxylone into an 
isomeric compound iji-ktrainethylhcmatoocylomt 
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and Ruggcstwi the followm;^ fonnulsp &n applic¬ 
able to tliiH Kubstance :— 


McO 0 (Ml 
McO 


I LI Y 'c;: 

oil ('ll 


McO 


OH 
OH 
o (■; 


"•0 -i :0 


|( MMo 


Jl (’ll 
Oil 


^ the pruduetion of thin iotereHlhig Hubulaiicc the 
: original jmper should be consulted. 

IIo’.nL-il'In. —When oxhlised under suitable 
conditions, lueniatoxylin readily passes into the 
colouring matter iuemati'in, according to tlie 
equation ^ 'leWr-OeH-H/). 

Haimati'in mas lirst jirodueed by tb h. 
J^rdinunn (/.< ) by ])assing air througli an 
annnonmeal sobdion of hamiatoxylin, and sub- 
soiiuontly aeidiiying with acetic acid. 

Krdmann anil .Sclniltz (be.) wlm adopUul a 
, somewhat .similar ]uoceduro, suej-eeded in 
I isulaUiig hiematcin in leaflets which possessed a 
I metallic lustre. Jleim, on the other hand (Bcr. 
j 1871, 4, 381), treated an etliereal solution c»f 
i luematowlinwith a little concentratednitricaeid. 
Hy extracting “ ajfed ' logwo'^d with ethci’, 


Tnib by loss of water gives ^■iiiihifJiohlic- 
indlwfllnrmiiioxijhm, wliu h is nlentieal willi v. 
Kostanecki and JtosI's bydro\_)tetianiellioxy- 
brazan— 

Met) o OH 


id 


(Hor. 1881, 14. (ill) 
veiy ]mre crystalline 

JVrIvin (C'hcm. iSoe. 
('.\jio.se(l an amriioniaeal 


AloO/ 


|OAIc 

l()Mc 


Pei’kin and Jiobuison (/./■ ), .is tbe lesuit oi 
a study of tbe work of Umv.ig and rollak, Imve, 
however, sliown that- ^f/ tidrametbyllnematoxy- 
lone IS ill reality a monobasic acid, and possesses 
the following eonstitid iou :— 


MeO 0 


(Ml COJI- 'OiMe 


'rhis, by elimination of ualer, passes into Hie 
compound (J) and then by iiitraim.lceular 
change into hydruxyletiaiuetfioxybrazaii (2) :— 



AlcO 

" Cl 


AleO/N 

^ /\ 

1 1 1 

(I) 

1 1 

\ / 
N.' 

I 1 1 


Me(( 

0 OH 


.\feC)/N 


(2) 

u 

'x -U""' 


O.Me 

U.Me 


When ^/-tetranirthyllnematoxy hino j.s treateil 
with potassqmi hypobioinite a eolouiles.s |>re- 
cipjtalrC .soon .separates. This eiy.sfalhses m 
almost colourless prisms oi needles, ami possesses 
the Constitution of a Mfidin'lhoxi/t'miKifotio.igQ. 
counmriiihi/drohromi'lc : 

(>Me 


AleO 

Meo/^' 


0 


\, 


i 


('ll 

I, 

- ('Hr ,(.(1 
0 

For the theoretical considerations involved in 
^ '/'-trimetliylbrazilonc behaves unalogouisly. 


HulbiTsludt 
obi,.lined 1 J). 
lui'Mutmii. 

Hummel and A. H. 

■ 'I’rans. 1SK2. 41. 373) 

.solution oi logwood extract, to tiie air for twe 
three dav.s. 'I’lic jueeijutated niiimoiiia lorn- 
pound of h.emateiu was colJeeted, ilissoived in 
water, dilute acetic acid addeil, and the mixluro 
digested on tlie water-bath to dis,solve as much 
as possible of ilie suspended amorjilioiis Inenia- 
tem. MMie i-lear li(|uid aftei p<i.rtji\l eva]>oration 
deposited crystals ot the colouring mattci, 
possessing a yellowish green iiideseoiieo, and 
having the composition ('ibH^J)-. 

‘‘According to Mnyei (Cliem. Zmitr. 1904, 1, 
228), ineniatem may also be ]ireparod by oxidis¬ 
ing b.eiimtoxyiin in aqueous solution wdlli sodium 
lodate. 

j Kngels, \y. H Hei’kin and Robinson ((.’hem. 
j Soe. M'lans. 1008, 03, 1140) ])assed air for b 
I hours through a solution of (,7 grams of h?pnm- 
I luxylm, dis-solved m a .solntipn of e.e. of 
I eoneeiitrateil amiuoma in Io(j i.c. of water. 
I 'I'he protluet of the oxidation was addeil in a 
j thill .stream to dilute aceti'- acid (2r>0 e.e. of 
j l(( p.e.) heated on the water-hatli, when iiasma- 
I tein sejiaraled ni crystals. 

. Hamiatein is very sparingly .soluble in water 
and the usual solvents. Alkalis dissolve it 
! readily; ammonia dissolves it with a brown- 
j violet colour, whilst strong alkaline s<?«lution 
, ha.s a rieli purjilish bhu* colour. On exposure to 
; air the colour of tlie.so alkalme*solutions gradually 
' becomes red and tmally brown, the colouring 
matter lienig destroyed. By addition of potas- 
: suim acetate to the boiling alcoholic solution of 
! hfematein, the mouopota.ssiuin salt 
: is deposited (A. 0. IhTkm, (.'hem. Soc. M’rans. 

I 1890, 70, 443). 

1 Sulphurous aeui or sodium hi.sulphitei Solu¬ 
tion converts haomatetn into a colourless addition 
product, readily soluble in water, but no reduc¬ 
tion heri^by appears to occur, as on boiling the 
I solution or by addition of aeid ha'inatein is pre- 
! cipitatod. With zinc and hydrochloric acid or 
with stannous chloride and eaiistic soda, a solu- 
; tiou of hajtiiatein is decolorised, but on standing 

■ the liquid regains its former tint. 

It has long been considered that h^ematein 
is hydrnxybraziloin, and this has now been 
j clearly proved by a study of the behaviour of 
; botli hieinatein and brazilein with reagents 
under similar circumstances. M’his relationship 
is at once evident from a comparison of the 
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following formnloo {Engels, Perlvin, anrl Robin- 


son):— 



0 

OH 0 

0H|^^ 

V 

j,^/(.'(0H) 

U\ 

0 '^CH, 


0 '■'CH, 


/ 

/ 


/”\ 

1 | 

o 

1 1 ! 


Oil (')■ 

! Il 

Oil o 


• Itrazilcln. 

lO'nialein. 

When 

iuematom is 

methylated by moans 


alkali and nn'tlivl stilpliaio, the [iiodiict consists 
esscnttally of tetramftli’vihapniatcm and pcnla- 
iiK’tliyldii\ydroli<Tnnit«*in<»l. 

Tiifanfclhiil/Ki't/Kiti'in (I) (TysluIliHc.s in amber 
prisms, and wIk'U (hg(‘sicd with ililute jn lasMinn 
hydroxide is couverU'd by the addition of \^ter 
into tetinmi‘t1i)ildiliydmho:innicviol (-), yellow 
jinsms— 

Met) (I 


Met) 


Met) 0 

/X 


'(I], 

OfoAli) 

(T I'H, (-1) 


Med; 


('ll, 

(■((iMc) 

(•(Oil) ('If, 


<: 


o 

I 11 MeO (111 

MeO 0 , 

I'tnUtUK lliyldihijdiolia makinol 
MeO O 
/' 
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and iso/m’wiflfrfa- hmnhjdnn whieb 

crystallise in orango-red needles. 

If to an aqueous solution of uohcematein 
chlorhydrin or bromhydrin silver hydroxido i» 
added to remove the halogt'ii, a solution of 
iHo/orwo/rni is obtaint'd, which on eva]»oration 
leaves this substance as an aruorplions mass 
possessing a green metallic lustre, /whtematem 
and its salts dissolve in solutions itf the alkaline 
i hydroxides with a red-violet colour wlncli ia 
i easily disliiiguished from tlie corresjtonding 
’ hiue-violet solution of haunatein ; moreover, 
the dyeing properties of these eonipomuls and 
)ia?matcm differ coii-siderably. Thus the nvn- 
hiematein derivatives give, on cottonjnordanteil 
with alumina, a dull red incliniii^to eliocolate, 
witli stiong iron a black, and with mixed alumina 
and iron a full idiucolaie. Again, the iinctorial 
}iower of iheso eompoinid-s is much greater than 
that <,f#tho original hcematein, and the ciftours 
are much faster. 

As the result of the investigation of a large 
number of pyranol saltsfW. If. Perkin, Robinson, 
and Turner. (!heni. Soe. Trans. 1908, 9.‘b 1085), 
it socMiis ei'i'tani that these liflcinateiii salts are 
derivatives of I -.W tihdi nohenzo-pyrano} (I), and 
that Ksohauiiatein sulphate possesses tlio coii- 
SliilltHtU (2)— 

IIKO^ 

0 IK) O 


\/ 


( 1 ) 


IdeO: 


io" 

(:((Hl)('il,, 
'\ 


11 ( 1 / 




('ll,. 

y ;('(OMe) 

(’{OII)t'H3 


MeO OMo , 

the seooml ])roduct of tlie reaction, eryslallises ' 
in yellow jilates, and is also jiroduccd whim i 
tetramethyidihydroliicmateinol is methylated 
witii methyl sulphate and alkali. » 

la,tlie year 1882 Jluuunel and A. 0. Peikin ' 
((’hem. Soc. Trans. 41,*3()7) observed that ! 
hffiinatein and al.») brazilein are eoiivi'rted by i 
the action of mineral acids into orange (»r rial j 
salts, from which the original colouring ntatters ' 
could not be regenerated. i 

When hsematein is dissolved in cold sidjiluiric : 
acid, a reddish-brown solution is jiroduccd from ; 
which, by cautious addition of acetic acid, | 
minute orangc-colourcd prisma of acid iso/nc- 
malehisulpliatp (’jflffi 205 SU 4 are depo.sited. 'I'he ' 
reaction mav he rojiresented thus : ! 

(,'.,H„d,+H,S0.=C„H*.,0,S0,H*JCO i 
This substance, when left m contact with 80 p.c. ; 
alcohol. 18 gradually transformed, with loss of i 
sulphuric acid, into a new compound crystal¬ 
lising in orange-red plates possessing a strong . 
metallic lustre and to which the formula 
(f-'i«H, 20 ,) 2 (-j,Hj,C).S (>4 was assigned. On the ' 
other hand, hydrochloric and hydrobromic acids 
in sealed tubes at 100 ® convert hsemateiii ; 
respectively into Imhcematein chlorhydrin \ 

^'»HnO ,‘01 ' 


(2) C CHa 

\ / 

o 

110 011 

/.wlucmateiii clilor- and bromhydiins are 
formulated similarly. 'I'hus from tctrainetbyl- 
lia-nuitein, Engels, Perkin, and Robinson (/.c.) 
Inivo i>rcj>are(l -hydioxy-l : 8 : A'-trimeihoxy’ 
\'.'i iii^vnuhinzopymnid (1 : 1 ) onhydiofern- 
chhndc — 

l-'eC'l^ 

MoO O 


MeO/ 


1 




■/ 


CH^ 

\ / 

<:> 

McO OH 

wliicli crystallises from acetic (fetid in well- 
(lelincd elonpitcd prisms. I'ciitamctljyldihy- 
drohieniatcindl, on the other liand, give* 
7:8:4.': ^ ■liJmmi llwrt/ A: ‘^ indenoliemojiyravol 
(1:4) anhydroftrrirhlondf —. 

• FcOI. 

McO O 





MeO OMe 
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Before being used by the dyer, logwood is 
reduced to chips or powder, and these {)roduct8 
are known as ‘ chipped,’ ‘ rasped,’ or ‘ ground ’ 
wood. When first cut down the wood has a 
pale yellow colour and contains only Ijajnia- 
toxylin, but during trans))ort or storage this 
colour gradually deopciis owing to a suiface 
oxidation of the hfoinatoxylin into liioniatein. 
Formerly, and even to sonic extent at the 
proHOiit time, it was the practice to submit the 
chipped or rasped logwood to wliat is known 
as the ‘ageing’ proees.s. in order to facilitate 
the liaimatoin formation. This con.sists in 
wetting the wood thoroughly with water, then 
forming it into heaps, 4 to 5 feet high, in large 
airy chanibo^^. Very soon tin* mass begins to 
ferment, whieh is indicated by a nso of its interna! 
temperature, the wood griuJnally <larkenH in 
colour, and during tlio ojicration the mixture is 
repeatedly turncsl over and remixed in^uder to 
avoid too vigorous a hu'iiH'iiinfion and to obtain 
an even result, (’onstant attention is iioceehary 
during tins ‘ageing ’ process, for if tlio reaction 
18 allowed to proceed too far, a portion of tlio 
colouring matter is destroyed, and ‘burnt ’ or 
‘ over-agt'd ’ wood is jirodiieed. In order to 
expedite this operation, the use of various 
oxidising agents has b<‘cn suggested ; n sprink¬ 
ling of the wood witli ammonia iins lieen 
said to cxorciw' a beiudicial r<'sull ; but, on tlie 
other liand, such ]ir<>e(“sses an* k-st avoided, 
for it is (Idlicult under these eircinnstames 
to control tiie reaction and pievent an o\ei- 
uxidation. 

Latterly this ageing ojieration lias liecii le.ss 
in vogue, not only on account of tlie increased 
employment of logwood extract, but becau.^e 
it is now recognised that where the mordant 
employed for dvi'ing j)urpos<\s can exert an 
oxidisiwg action, this prelmiinarv treatment is 
unnecessary. Fornuirly, logwood blaeks on 
wool Avoro produced liy moans of an iron 
mordant, but this i.s now largely rejilaccd by 
the use of potassjnni dicJiromate, whijjh pro¬ 
vides a mordant possessing the jxiwer of con- 


, As a rule, it is considered that the extract made 
; at tlie lower temperature gives the briglitcr 
j shade. 

j Certain processes are in use for the ‘ ageing ’ 
! of ‘ logwood liquor,’ tliat is, the conversion of 
tho dissolved luematoxylin into hsematcin. For 
, this purpose tlic following methods have been 
' suggested: («] treat tho logwood liquor with 
; hicaeinng powder solution; (h) lialf neutralise 
; with alkali or ammonia and blotv air or oxygen 
j through tlie liquid; (r) cmjiloy air or oxygen 
I for this purpose without the addition of Alkali; 
(d) boil witii manganese' dioxide (Wcjdon mud) 
and filter. Tiitcresling also in, this respect is 
tlie patented process of Ilaak (Chem. Zentr. 
liKtO, li. 8h7). who f teals tlie extract with sodium 
nitrite. 

A very imjiortaiit ])ro<luet more recently 
iiitrodueed is the .so-ealli'd erystaJliiic hoinniein 
pfi-dff ^ liicJi IS a treacly extract containing in 
sijsf^'iisinn minute erysiuls of h/ematcin. The 
details of tlic prejiaration of this material, 
wlindi ajqiears to have been first introduced 
from .fainaiea, nltliougli now also manufaetiired 
in tins country, are kejit secret. For experi¬ 
mental jxirposes, tins jiaste may he em])loyod 
as the source of a conqiarfitively pur<‘ Incmutein, 
wliieh can bo isohili'd from it by dilution Avith 
glacial acetic acid and subsequent tiltiatior 
(private communiealion). 

J,,og\vof)d and its extracts are cnormouslA' 
employed for tJie dyeing of blacks on sifk, woo], 
and to a le.ss extent Avith l otjoij, ehietly in eon 
juVetion widi iron and cliromium mordants. It 
also enters into the eoinpfisjiion of numerous 
compound sJiadcs, 

Hu’dnrd Lcxiwood. — During tlic past few 
years tlie growers of logwood in .lamaica have 
lieeii grc'atly distiubed )»y tho ajiparent ineroaso 
on thejr iiropeities of an uninei chant able 
vaiioty of th<‘ tree known as ' histard ’^logwood. 
Bastard logwixal is piaclically devoid of 
ha*im4o\yiin, but ismtains instead a yellowish. 

I green ]iigmciit winch, when iidmixed'witli the 
I commen.-ial extract, reduces its eharacteristjc 


verting at least a portion of flu* Inenialoxylm tinctorial projiertie.s. (.'hips of the bastard 
into liannatein. Jogw'ood present a yellow, jialc pink, white, or 

Loijwood cx(iact is now prepared in enormous even <‘hocolato coloured surface instead of the 
quantity not only in tins country but also in dark red oi imrplc-bronze tinted colour of the 
Jamaica in the neiglibourliood of the logwood best Jamaican or Mi'-xican logAVOods of com- 
plantations, and in tho latter case an cionoiny morcc. ^ 

is naturally elToctcd in the carnage of some So similar are the trees of the ‘true’ and 
vurictics ol the extract rather than that of the the ‘.bastard ’ logAvood, tiiat it is frequent!}' 
more bulky Avood to this and other conntries. impossible to deeido A\'he(lier a tree is really a 
Logwood extract is almost iiiA'ariably piv'pared ‘ mulatto ’ or not. When first cut a bastard 
from the ‘ unaged ’ AA’ood, because whereas tree is frequently dark enough internally to 
h»matoxyliif IS readjl}’soJulile in waier, Inema- indicate that it is a good rt*d-wood tree, but 
tein is not. On this account, an aged wood is instead of darkening AA'ith age, a.s all th^ best 
difficult to exhaust. For tho manufa< ture on Avood does, it remains the same colour or becomes 
the large scale, tjvo processes are in vogue lighter ratlicr than d?irker. 
known respectively as the ‘American’ and Cheiq,ioal testif readily distinguish between 
‘ French ’ methods. Tliese ^lifii'r merely in tJie the red and bastard wooi for wliereas alkaline 
manner in which the AA’ood is lixiviated, for this solutions turn an extract of true logwood a 
is carried out by Iho French process in open purjile colour, with a bastard extract the shade 
juins Avith warm or boding water, wdicreas in ! of yellow is merely deepened. Again, mineral 
the American process, closed vo.ssels arc used in acids turn aqueous extracts of tiiie logwood 
Avhich steam at from 16*to 30 Uis. pressuro^is orange to bright red, whereas a bastard extract 
employed. In both coses the liquid is after- is not thereby alleotod. 

wards coiicenln\te<l, preferably m vacuum pans, Dyeing trials, employing stripe mordanted 
and the }m)duct is sold at about 15®Tw. as i calico, are also serviceable, ^cause, in the case 

logioood hquoT, at 5J®Tw. as logwood extract, of the bastard variety, the aluminium mordant 

or in til© solid condition as solid logtrood extract, remains practically colourless. 
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H^matoxylon Apricanum. 


Tho genus htematoxylon has hitliorto been 
represented* by only one species, the H. cam'pea- 
chiannm, and tho recent disciovery of a South 
African species is of particular interest, 'i’liis, 
now tormod the //. afrknnumt was found among 
the rocks at Ifoloog m Great Namaqualand by 
Dr. H. H. W. Pearson in February, jy09, during 
the Percy Sladen Moniorial Kxpecljtjoii in South- 
West Africa, 1909. It consi.sts of a shrub 1-1'5 
metro* tall, the flowers of which are yellow, and 
tho loaves smaller than those of tho //. camjicd' 
chianvm {SUiphens, Trans. Roy. Soc. S. Africa, 
1913, fiii.] 2, 25r>). 

Stoma of this ])lant .s<'nt to Kngland for 
examination wore covered with a thin brownisli 
bark, and vari(«l from | niches in diametiT, 
and from 11-19 iiiciie.s in length. Gut trans- 
veraely they were seen to consist imunly of a 
rcddi.sh-brown con* surrounded by an almost 
colourlc.ss layer of Avood, and this coic, as is the 
case with logwood itself, durkom^d soiiicwhaf 
on exposure to aii and ln'caruc of a richer colour. 
When ground, Iho ochre-colourc'd jioAvdiu- is of a 
much ligliter tint than citlu'r giound logwood 
or liruzil-wood. 

Tiio aqueous <*xtruct. of tlie ground wood 
gives in comparison with tliose obtained fiom 
logwood and Brazil-wood tlii? following colour 
to.sts :— 



IS. uJricariKM 

Prazll-wood 

Logwoo^ 

NaOH . 

Pink i 

1 Crimson 

Beep rod- 
violet 

FeOlj . 

Urown 

' Deep brown 

Purplish- 

black 

PKAc)a . 

Pale pink ' 

Pluk 

Beep blue 

• 

abnoat colour- > 
less pTeclpit4ite, 

• 

precipitate 

precipitate 


Tho alkaline extract of the H. afrkanuin on 
boiling deepens considerably in colour and 
possesses a faint greenish tluorcsccnce, and this 
property is also I'xliibitcd by tho (uiiTespondmg 
extract ol Brazil-wood. 

Dvomg trials with both the //. ufricnimm 
(J70 p.c.) and Brazil-wood {40 p.c.) employing 
mordanted woollen cloth gave tho following 
shades:— ** 


Fc 



Ct 

Al (.;ii 

Sn 1 

If. afri- 

Red- 

, Bull Brown 

■ 

Very ' 

canum 

brown- 

blulab- 

j pale 


vif let 

rert ■ 

brown 

Brazik 

Red- 1 

Bluish-; (Claret- 

j Rcd- 

wood 

violet 

1 

j 

red i brown 

i* 

j brown 
very 
' pale 



‘ —r. - 
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Bull 

purple 


niuo- 

violet 


The If. africanum, therefore, differs from 
logwood in that the colouring principle it con¬ 
tains is not hsematoxylin, but a substance 
which somewhat closely resembles brazilin in 
its general propertic-s. It is a much poorer 
dyestuff than Brazil-wood, and on this account 
is of no technical importance, but should it 
eventually prove to contain brazilin, tne matter 
is of special interest in view of the connection 
between this latter and hicmatoxylin which has 
been shown to exist by W. H, Perkin and his 


I co-workers (be.). I’ho slight difference in the 
: properties of the ff. africanum and Brazil-wood 
may be due to certain impurities in tho former 
dyp.stuff not possessed by tho latter, but on the 
other hand a methyl ether of h.vmatoxyliti of 
the typo 

oaia 

jio/\ 'cir, 

1 Vh, 

! i 

/■“ \ 

\ 

OH orp ♦ 

, will witliout doubt dvo flbades of an almo.st 
; identical character with those given by brazilin 
i itself (Perkin,«/. Soc. iJycrs, 1918, 34, 99).^ 

{ LOMftO, a green {lyestuff of Ghine.se origin, 
is, or ratiier was, since it 1ms been supplanted 
by artificial colouring matters, mot with in 
; coimnerce in the form of thin Inininn' of a ilark 
j bluwh or bhij.sh-grecn colour. Though formerly 
I <‘iii])loyi‘d to some extent in Europe, it does not 
r apjH'ar. owing to its {‘xtremely expensive nature, 

' to liav<’ been I'xti'nsivcly used. According to 
I Groolvcs (Dyeing and Galico Printing, 429), 
j lokao contains from 21 *5 to 33 p.o of ash, 
■93 p.e. of water, and 01*7 ji.c. of colouring 
i matter. It is insolublo in wati'r, and tho usued 
j solvents, but dissolve.s in suliihuric acid with 
; a rod-brown coloration, and also in alkalis, but 
I iho solution thus obtained gradually acquires a 
brown tint, 

According to Helot ((Irookcs, Z.c.) and others, 
lokao requires for its preparation two distinct 
plants, the lihamnvs dakunca (Pall.) (hong. pi. Jo, 
chou) and the JL Unriorin (Walldst. & Kit.) (t)6. 
|)i. lo. chou), the first of which is said tf^yiela a 
deop and fast colour, whilst from the latter a 
weak but brilliant colour can bo obtained. 
Ac(^ording to Rupo (Dio (’homie der natiirlichon 
Farbst#(Te, 1900), t.hc plant bark is extracted 
I witli hot water, tho extract allowed to stand 
1 overnight, filtered, and then treated with pota.s- 
siuin carbonate or milk of lime. Cotton yarn is 
iiuiner.sed in this mixture, subsequently with¬ 
drawn and spread out in meadows overnight 
and a jjortion of tho daytime, and tho operation 
i repeated ion or twenty tynes. The colouring 
' matB'r is removed by rubbing the jj^arn with the 
hands in cold w’ater, and tho precipitate, whitli 
settles to tfie bottom of the receptacle, is washed 
by de<!antation, spread on paper and dried in the 
shade {rp. also Crookes, Z.c.). ^ 

According to Gloez and Guignot (J. 1872, 

! Ul98) lokao or Chinese green is, in reality, a 
lake, and by treatment with ammonium car¬ 
bonate is'converted into ammonium salt 
of the colouring matter lokain Nll 4 ' 02 j,Iijij()j 7 . 
By tho action of djute siilphunc acid lokain is 
j hydrolysed with formation of lokaetin C'hHkOk,, 

I glucose (rhamriose ?), and a soluble compound 
I which is precipitated by ba.sio lead acetate. 

I Kayser (Bcr. 188^ 18, 3417; cf Rudiger, 

' Afeh. Pliarm. 1914, 252, 165) extracted finely 
, powdered (‘hinese green with concentrated 
ammonium carbonate solution, added alcohol to 
I the clear liquid, and thus obtained a precipitate 
, of tho crude? ammonium salt of the colouring 
: matter which he termed lokaomc acid. This was 
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collected, extracted with ammonium carbonate, 
the solution preci])itate(l by alcohol, and the 
operation rcjH‘ated sfivoral tunes, the product 
being finally dissolved in water and the liquid 
evaporated to crystallisation with llio addition 
of a little ammonia. Thus prepared the diam- 
moniviii salt of lokaonic acid (' 42 H 44 () 25 (NH 4)2 
(Rudiger) <‘onsists of Kuinll crystals ]josKC 8 sing a 
bronzy lustre, which at 40 conitnencos to lose 
ammonia, and at 100 "gives tlie mono-aniniominn 
salt <‘i 2 H 47 <)j,(NFH 4 ). 'I'lie poUissnnn salt 

separates in tlie form of n liliie nnnnjilious 
powdiT, wlnni a concentrated a(jueous snlntnin 
»»f the diaf.inf<>niiiiii suit is treated with alcnholic 
liotash ; whcr«‘as tin* Ikdihih salt <' 4 ^^*id 
obtained by means of baimni elilonde, lias a 
Hiinilar appearance', t he lead salt <’ 42 II 4 jt h,^l'b 
is a»lark brown jiovvdcr. 4 

LoLatuiir orid t' 421140 *pri jiared by the 
decomposition of the dianiinoniiini .salt, with 
oxali(‘ aenl, consis<,s of a hliiisli lii.u k ](owder, 
which, when nibbed, de\'elo]»s n nietallic lustre. 
It is jusoinble in tin' usual solvents, but di.ssolxes 1 
111 solution of the nikahne hydroxides and am- j 
monta with a pure blue tint. 'I'reatnu'iit with 
sulphuretted hydrogen ehangi's tins to a blood- 
red colour, wiueli jiasses to giccn on (;\[)osing 
the liquid to air. digested with dilute sulphiinc 
aciil on the water-liath Jolvaonic acid is hydro¬ 
lysed with foimatioii of lokanic n' iil and a- siigai 
riiainno.so (Rudiger). 

Lokanic acul “ violet-black 

crystalline jiowder insoliibk in water, alculiol, 
ether, and eliloroform, hut- soluble in alkaline 
solutions with a violet-blue eoh.iralioij. 

'I'iio iimnovtum suit fbe 

haniim salt t'aailsdRiHa, ami the hod salt 
.14^21**** , an' ih'.scnhed hy Kayser. 

Hot 50 p.c. potassium liydroxide solution 
converte lokanic acid into pfdui<"iluniiol and 
delokanic and wliK'li consists cd a 

brown powder dissolved by dilute alkalis, 
whereas nitric acid gives with lokiiific acid 
nilropJilomflan ml. 

The sugar to wiiicli Jvayser gave tlie name of 
lukaose (C’ftlliaOB) rhaniiio.se 

According to I’oi.soz, cotton can In? dyed in a 
weak alkaline solution of lokao, and it behaves 
also as a vat dyestuff, lor which purpose it may 
be reduced by faint)/ acid or ulkalnu' stannous 
cj^iloride. The colour tlius obtained is lilue, and 
can bo converted into green by the subsequent 
omploynicni of a yellow dycstutl. 

In order to dye cotton a green with lokao, 
Porsoz. recoir mends a bath prepared hv adding 
the pigment to a solution of soap, whereas for 
silk Michel obtained excellent results by employ¬ 
ing lokao and alum solution in the })re.senee of 
lime salts. For (T.inaso and other methods of 
employing this dycaiutf, see Crookes (/.c.), and 
Riipe(f.c.). ' A. U. 1*. 

LOLLINGITE or LEUCOPYRITE. Iron 
diarsenide PeAs^ crystallised m the oriho- 
rhombie system, aim isomorphous with mar- 
casiti* (FeS^) and inispiiJkel (FcAsS). It con¬ 
tains on an average 07 p.c. of arsenic, with about 
2 p.c. of flulpliur; small amounts of cobalt (up 
to 0-4 p c.), nickel, copjver, silver, and gold are 
frequently ])resent With increasing auljihur it 
passes into mispickol, which it closely resembles 


in colour—silver-white to steel-grey with 
brilliant metallic bistre; but there is a wide 
difference in den.sily—sp.gr. 7‘l-7.-4 (for mis- 
pickel G'l). An extensive de])osit of arsenical 
iron, consisting mainly of Jbllingiie, oceiir.s in 
serpentine at lleiclieiistejn in Silesia, and has 
been woiked since 100 !). 'Fho annual ])roduction 
amounts to I.7,000 ions, from which white 
arsenic, arsenic sulplnde, and arsenic are pro¬ 
duced, as well as .70 00 kg. of gold. Deposits in 
mineral veins hh' also w’orki'd for arsenic at 
Hreitenbruiin 111 Saxony, Scliladming in Styria, 
J.,oliing 111 Curinlliia, ami in the Anim iers valley 
in Switzciland. L. .1. S. 

LOMATIOL. n us I'olounng matter, whieli 
i.s ( loH-ly jcluted to Japacliol. luis been obtained 
from tlie seeds of Ijie IadhoIio ilicifohu and 
Loinalin lovipjolio, whn li occur in Australia 
(M.S W. and Victoria). 

'J'he coloiiiing matter is obtained by extraet- 
ing*’tlie seeds with boiling wafei aciditied with 
acetic acid, and allowing the filtcicd extract, to 
cool, when the product crystallises out. It i.s 
recrystallised from the same solvent 

Lunioiiol (\jll] 4 ()t> yellow m-edics, nip. 
I27'^^(’., IS easily solubk* in alcohol or ether, in 
alkalis and alkali carbonates. 

U’hen lieati'il witli ai-etic nnliydiide and a 
traci' of zinc chloride, it yields a di-aciiyl. 
dairiitirc t‘jjl Ij d )«(< * 2 ^'^ .<* yi'llow’ m edks, 
111 ]> S2''. 

'riicsallsof loinatiol vary UMi dour fioniojange 
to brown , tliin^tlie silver sail. ('j 5 Hj 304 Ag,H 20 
is'liiovvii, the call Him salt (*^ 
red, wliilst the barium salt 
is oiangi'. 

Rennie, who ivrst e\a«niucd tins compound 
(dicin. 80 c. Trans. Ig!l.7, (>7, 784). was of tlio 
opinion tlial lomntiol was hydroxy.kipachol, but 
Hooker (C!hcm. Soe. 'rums. (>!), 128!), who 
continued Rennie's investigations, wa^ able to 
sliow that it was //////loiy-iso and 

a.s,sign/'d to it the forniuki— 
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When lomatiol ls dissolved in concentrated 
suljilfirie acid, and left for some tine, it ])asses 
into hydionj-^-hipuhol ( 2 ), red needles, m.p, 
204'('.. identical witli that obtained Irom 
dihydroxy-liydro-l.ajiaehol by tlie action of tlio 
same reagent, whereas, if the reaction is stopped 
at an earlier stage, by pouring the solution of 
lomatiol in eoncent.^ated sulphuric add into 
w.atcr almost as soon as solution is completed, 
an internediate ‘proiluct, dchydrolajHicltonf, is 
obtained to winch Hooker gives tlio structure (2). 
'J'lie formation of tliese is shown thus ;— 
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By cari'ful oxuidtion of luimitiol, Ifctinic 
ubtainc'd acetic lu id and plitlialu- acid. I 

A. 0. W i 

LONCHOCARPUS {Lotuhocai pus ('fpnnt^cou--). I 
1’hc Limrhocat pus < ifaiitsa us a {(‘ffinm- j 

n<jus plant of tlie .suh older I'tipliomn'tti\ is a j 
wot)dy clitnber fioin JO to J4 fei-t long. 'fJie ' 
young leav<"« (•onlain an iiKiigieyickJing |)nncj|>Ie, ; 
and on tins iucount tlu‘ jduiit is eniployed by ; 
the tribes of Sierra Ta’oiie and tlie interior and j 
those of Western )SoU{Jan as the sonrcc of a bine 
dye. In the lornier <;<)tintne>. the y‘'ung Ica\es | 
arc collectisl along with some more inatiin'd | 
ones. roughl\ jxuinded ami drunl in the sun. In 
IhiH state it is smit into the niaiket as ‘(Jura,’ i 
ami sold to the dvrs 'I'he natives of Wi'stcrn 
Soudan ein]iloy the young and tender buds, l 
which an* collected, pounded when <jud<“ raw, J 
made into halls, and dried in tiu' sun. J*’or i 
dyeing pur|)oses the ‘Oara' is covered witti I 
water, treateil with potash ami the hark of the I 
Moiiudii nlnfoliii (Linn ), and left to ferment- for 
some day.s. 'I’li(‘ eloth to be dyial is t hrown into 
tli<‘ vat. left there for .soim* time, and <lrie<l in 
the sun. An examinatnui of '(lara' by I’erkiii 
indicated tlu' pre.sence of ap|iro\iinab“lv p.e. 
of imligo^in (J. ^S<ie ('hem. Ind. I'.K)7. HKU). 
Apparently also this })|ant is ntihsial in N<*rthorn 
Nigeiia as a ilyosluff in the form of a .syuilar 
preparation ti' that deserihed above, ami for the 
inaiiufaetnrc of a ciaide imligo A .sample of ' 
this leaf product contaimMl ai>pro\itnately ()’(>.7 
l).e. of indigotin, whereas in the indigo tiie ; 
pre.semot *iI'4-7 p( (»f imhgotiii and I’Ih'l p.e. i 
of imhruhin was deiin ted (Peikiii, J. Soe. ('hem. 
Jnd. llMlh, 353). 'Phe hoti|^m-al examination of 
the former, and also of plant debris contained in . 
the latter, by V. ft. Blackman, mdieated that 
they were derived from the L. njuwscen^, or 
some closely related form. Rawson an<l Kiieebt 
(J. Soe. Dyers. 1888, hb) have described similar 
leaf and crude indigo products, which had 
been sent to this country by Sir T. (b)ldie, 
Governor of the Royal .\^iger (7)., and these 
re.spectively eontaiiied 0-51 p.e. of indigotin, 
and 31bl2 p.i'. of indigotin* together with 4’75 
p.e. of imhnibin. A more re^-eni examination 
of the leaf fragments in Rawson and ifneelit's 
samples lias sliown that the.se poHses.sed the 
same strueture as thosi* of the L rf/d/U'smi-s 
(Perkin, l.c.), and it thus apjiears evident 
that in Western Africa this ]>lant is extensively 
employed for dyeing and the jireparation of 
indigo. There is reason to jiresumo-ihat tlie 
indigo-yielding principle! present in the young 
leaves of the L. cyatu'.scevs gradually disappears 
when thesMi reach maturity, as samples of the 
latter examined in this country were devoid of 
VoL. TV.—r. 
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Indigo-producing property. I'he L. cyanrxeens 
is probably identical with the ''Paroom akkar ' 
described by Bancroft (Philosophy of IVrmanont 
(’oJours, 1813, i. 18U and ibi). A. (J. P. 
LONDON WHITE. Fl<dr >rh,h (c Pn,- 

MENT.S). 

LONGIFOLENE. A trie vein' sesipiitorpem* 
found by Siinonsen in Indian turpentine ob- 
taiJH'd from the oleo-resin of loiujifoUa 

(Hoxb.). A colourless, somewhat viscousuil with 
a faint odour; b.p. 254^'-35()'/TOb mm.; 150'’- 
ISC/SC.nim ; DijjJ; 0-'t284;; 1-465; M -(14-15 
"^ ] 42‘73“. Does iinl yiekl a solid nitroso 
eliloridc, nitro.sate, or nitnisitc. K^iy,sa liyilro- 
chloride as a crystalline .'^olid, ni.p. .5(r b(> 

7 1 (I'lilorofoj’in). 'Ph<‘ hydivdiromide has 
in {>. (ifL-7()”, and the liydriodide in.ji. 71'’ 
(Simoiiseii. {'hem Soe.'Prans. 1020. 578). • 

LOPliOPHORINE c. Miozc.vlinj;. 
LORANDITE. Siilpliar.seiiite of thallium 
TLSAsyS.,, crystallised in the nionoehnio 
•system, and one of the few minerals containing 
thallium (Tl 5!h4 }>.c.) as an <‘s,sential coiiHtitmuit. 
’Ph<‘ crystals are rich in faires, trans)iareni, and 
of a dee|) <'(>chinciil i'cd colour with a nietallic- 
adamantine lustre ; streak, «lurk cherry-rod. 
'Phey arc soft (11. 2 21) and i-aii be bent like 
gypsum. Sp gr. .5'53 ; .sojubh^ iii mtnc acid 
with se|»aratioii id sulphur. 'J'he mineral (M'curs 
With realgar at Allchar in Miu-edonm (s«iuthern 
Serbia), and has been tlelecU'cl with realgar and 
oijiiinenl in tlie Haiiibler mine near Kncanip- 
I inent in Wyoming, L. J. S. 

LORANSKITE. A rai'e-eartli mineral eon- 
tainirig Ta„Oj 47, ZrO^ 20, VgO^ 10. (‘ejOg 3, 
Cat) 3‘3, loss on igiiiiioii 8‘15 p.e. It is black 
with a bright jiileliy liisli'e and a greomsh-grey 
streak. S]i.gr. 4‘b, II. 5 ; o})tically isoirojiic. It 
is found a.s compint masses wdJi other ran*- 
earth minerals in [icgiiiatite at Imjnlax in 
Kiiiland. .1. S. 

LORETIN. Trad<‘ nann* for //oiodohydroxy- 
(jiiinolint* .sulphonic acid (('pNlljI(()H)lfSI>j) 
used as a germicide in surgical <lres8ings (r. 

I Synthktu' nanos and Iodoeohm). 

' LOSOPHAN e. SvNTNKTH’ dkuus and lono- 

■ FORM. 

LOTUS ARABICUS. 'Phe hoiuu nruhintu 
' (Linn.) i.s a leguminous plant, indigenous to 
i kgypt ami Northern Africa* and in the young 
' condition is extremely poisonou.s. The subjee^ 
' has been inv'vstigateji by Dunstan and Henry 
(I'hil. 'Prans. 1001, 194, 515) 

Lotiusin, the active jirinciple, can lie j.soJated 
j by extracting the dried plant M*ith methyl 
I alcohol. The extract is evaporated, the residue 
I treated with water to remove chlorophyll and 
' re,sin, ami from tlie aqueous solution tannin and 
other impurities arc jireeipituted by moans of 
^ lead aiictate. 'J'he filtrate, on evaporation, 
j leaves a syrupy resiflue, from wliicli crystals of 
i lotusin .sl(>wly .separate. In the jiure condition 
' lotusm form.s yellow needles, and 

when hydrolysed by digestion with hydro¬ 
chloric acid, or by mti^ns of an enzyme lolase, 
alsl) found in the plant, yields dextrose, loto- 
flavin, and hydrocyanic acid, according to the 
following equation : 

I 2H,0 

.•2U,H,,0..hC„H.,0.4-HUN 
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When wanned with alcoholic potash (20 p.c.) 
lotnsin is gradually decomposed with production 
of ammonia and ioOrvmtc acid : 


J^otiislnic acid. 

This compound is monobasic, gives 
crystalline salts, and is hydrolysed by dilute 
hydrochloric acid with hirmation of loloflarin, 
dextrose and hej^togluconir acid : 

TMoflm'vn crystalliscH in ypll(»w 

needles, soluble in alkaline solutions with a 
yellow c(dou»'. py fusion with alkali, {Moro- 
glitCinol and ft-Jc-sorci/hr arid are produced. 

With acetic anhydride lotoflaviii gives a 
(etraacebfl eompound <'iJr„ 0 e((MI., 0 ) 4 , colour- 
loss^ needles, m.p. J7(i^-I7H'. and when methy¬ 
lated by means of methyl iodide tlie .nnirflit/I 
rOicr 0 j 5 lT 70 ^(()('H 3)3 is obtained. 'Plus latter 
Compound evists in two foj’ins, viz. the a-form 
yellow rosettes, m.p. 12^^^ and the ^-form 
gli.stening needles, m p. which arc mutually 
convertible. Motli varieties gne by nutans of 
acetic anhydride llie same nionouceiyl lohptvm 
irimcihyl efhrr yellow 

needles, m.p. 147^ 

According to Dunstan and Henry, hitoflavin 
is probably a i' trnhiidroxujlmHnu, and possesses 
tlie formula : 
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The hydrolysis of the cyanoponctie gliicoside 
lotusin. with formation of nialtose, lotoflavin and 
hydrocyanic acid, may also be ex))res.sed as 
follows: 

OjbHioO. + HCN 
The following con.slitution.s are respeetively 
assigned to lotusin (1) and lotusinic acid (2): 

0.,H„0.,-CH-0-X'\/ \c_,^|^OH 

... OH 

" \/\cO 

OH ^ 


I. 


ON 


,CH 


CuHsiOi,-CH(COOH)0.'' 

11. 


OH 


, 0 . 


VO 


^OH 

oil 


.. A. 0. P, 

LOTUSIN r. OLurosinEa ; Loti-.? Aeabiccs. 

LOXOPTERYGINEr.Qn EBEACHO AI.KALOIDS. 

LUARGOL. A compound of salvarsan 
with silver bromide and antimony sulphate 
(0„H,.O,N,As,),. AgBr, ,SbO(H,,S(),),. Wl 
as a spirillocide Introduced in France by 
Hanysz in 191JI. 

LUBAN MATI or MEYETi r. Oleo-resins. 

_ LUBRICANTS. The purpose of lubricants 
18 to reduce friction between surfaces which 
move one upon another. 

As the value of a lubricant depends almost 


[ entirely upon the conditions of speed and 
I pressure under which it is used, and the nature 
of the surfaces with which it is in contact, it is 
: necessary to outline the theory of lubrication 
i before describing the preparation and properties 
: of lubricating oils and greases. 

Static friction. If two clean surfaces of the 
; same metal, say lead, are pressed together they 
will adhere firmly. In ca.ses where metals 
work together without lubrication this ^seizing' 
is only iireventcd by the existence of a ‘ contami¬ 
nation film ’ on the surface of tlic metal. Thus 
; the so-called ‘ solid friction ’ observed in such 
casc.s is really the friction of surfaces lubricated 
, by an extremely thin film (e.g. of air). 

Tliurston, exiierimcnting with sperm and 
lard oils, found lhat the friction rapidly increased 
with pressure ii]i to 'about 70 lbs., and then 
iiKTcascd less rapully or remained ci>nstant. 

With plastic sulistanecs, rj/. a\l(‘ grease, 
niiocr ordinary loads the friclional coi'fficicnt 
is i(‘ast wlicm at rest and gradually increases 
with increasing speed owing to the resistance of 
the grease to sliear. 

With liquids the reduction of static friction 
depends on the tliicknoss of the lijni winch 
remains on the bearing surfaces under the loads 
eomnionly used. Ditiercnt liquitls vary much 
in this respect, and the effect seems to depend 
less on th<‘ viscosity of the oil than on irs 
‘ oilincsR ■ {/’. infra). 

: {(’J. W. H. Hardv and J. K. Hardy, Phil. 

I Mag. J9H), :{ 8 . :52; Paylcigh, idem l!Jlb.) 

; Low-speed friction. In this case the film of 
I oil is so thin that the irregularities of the sur- 
I fftccs engage one another, causing abrasion, 
i This does not matter if the surfaces are of 
I ])ro 2 >er maU'rials, but in some cases it may lead 
j to seizing of considerable areas and so much 
I distortion of tlie surface that at higlu’r sjieeds 
: the formation of the ‘ jiressure iilm may be 
prevented and serious over-heating of the bearing 
may cesult. 

I he friction of lubricated bearings at low 
Bpeods is really Roiid friction, ?.e. it is (1) inde- 
])endent of velocity and area of bearing surface, 
( 2 ) proportional to iircssurc, and (, 1 ) dependent 
on the nature of the surfaces, wfiieli should be 
made of dissimilar metals. 

Whore a romplet oil film cannot foim, the 
oilinesa of the lubricant i.s very imjiortant, but 
as the speed increases the oil film thickens and 
the (notion depond.s more on the visco.sity of 
the oil and less on its oiliness. 

, Friction, especially at moderate apeede, 

I depends very much on the manner in which the 
j lubricant is apjilied to Mie bearing. The best 
. results are obtained with bath lubrication, and 
! the friction increases as the free supply of oil 
to the journal decreftses. 

Tho^coefficient of friction at very low speeds 
—OOOOo-OOl feet per minute—is often greater 
than the static coefficient, but the change from 
one to the oDier is continuous. From about 
0-0 feet per minute the coefficient of friction ' 
steadily decreases with increase of speed. 

Hish-speed lubrication. At a speed depend- 
ing on the nature of the lubricant and on the 
load the surfaces begin to separate, and a com¬ 
paratively thick ‘ pressure film ’ forms between 
th^, being carried into the bearing on the 
surface of the moving part. 
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The maintenance of a pressure film between | 
two plane and parallel surfeces depends upon 
the iwrtin and the vifico^ify of tlie oil, but in 
the case of plane surfaces inclined to one 
another—and this in the case met with in 
practice—the Injuid wcilgcs itself between tlioin 
and forces them apart. 

To this actum is due the great carrying 
power of cylindi’ical bearings, which in use always 
wear so that the radius of curvature of the 
brass is greater tlian that of the journal. The 
two surfaces are thus inclined to each otlier, 
and the journal, as it n»tates, carries the lubri¬ 
cant into the space l)etween tlie journal and tlic 
brass, whore it is wi'dged under a pressure which 
increases to a maximum at. the point where the 
two approaeh most ncarlv. 

In the design of lieanngs great care has to 
be taken tiuit oil-wiiys are not cut in tins iieigli- 
bourhodd of maximmn pressuro, or lli<; pressure 
of oil which .slioiild < arrv the loa<l i.s released*lmd 
serious friction results. 

The theory nf the [iressure film lias been 
worked out in great detmi, nmtlietnaticall\, by 
Osborne Heyiioids. but only his general results 
can lx‘ given Jiere. At s|)ee<ls suflieiently high 
to ensure the formation of tli<‘ pri'Ksure lilni the 
following laws ap]i<-ar to he Acry ni'aily true 

(1) The friction is imii'peiident ot tlie load ; 

(2) The in' tion \aru‘s directly as the area ol 
the contact surfaces ; threctly as the sjieod ; and 
as the viscosity of the lubricant. 

These are the Jaw.s <if ‘thud friction.' 

Above spei'd.s of 100 feet per niiniito I8w 
Bjieed efiocts are not. obserMsI and the friction 
IS nearly proportional to the sijuare roof, of tlic 
speed. This is jirobably due to les-soTied 
viscosity of the lubricant brought about by 
rise of temperatuic. Kroin tlKI to 790 feet jicr 
minute tlie fu(ti<*n is [iroportional to the lifth 
root of tlte spec(l*ai)<i above 1970 feel per minute 
it i.s praeticalh’ inrlejicmlcnt <if the .sjiecd. 

\\'itli alternating pre.ssnres, ospeciall^^ when 
the alteniations are rapid, r.g in the big ends of 
connecting rods, a given bearing will sustain 
much greater loads vitimut si'izmg than it 
would if the picsHure were continually in the 
bame direction, because the oil is trapped 
between the snrfuees at each re\ersal of the 
stress.* • 

Friction in.balj and roller bearings is practi¬ 
cally independent of tlie presence of any lubri¬ 
cant, the (liief function of the oil used boyig to 
prevent rusting of the polished surfaces. 

A mineral oil f'f moderate specitic gravity is 
therefore a suitable lubricant for such bi'arings. 

Common LuintiCANTs. 

Lubricant.s are diVi.^^iblt^into four classes : 

(a) Fats and liquid waxes* 

{b) Mineral oils; 

(c) Blended oils; 

(d) Greases and solid lubricants. 

(a) Fats and liquid waxes. These are com¬ 
prised under the name of fixed oils (r. Onji, 
Fixed, and fats). 'J'he fixed oils princijially 
used as lubricants are i tallow oil, lard oil, neat’s 
foot oil, olive oil, rape oil, and castor oil. For 
delicate machinery, such as clocks and watches, 
hazel-nut oil, ben oil, porpoise oil, and dolphin 
oil (blackfish oil) are used. 


Sperm oil and Arctic sperm oil ^ liquid 
waxes, and are excellent lubricants because of 
■ their oiliness, and because their viscosity is leas 
affected by tcmpcratiin* than is that of other oils. 

'I'hc fixed oils ar<' Kcldoni used alone as 
lubricants except for textile machinerv, in which 
there is a risk of the oil being splashed on the 
fabric. Mineral oils are very liable to make 
stains whicli cannot be washed out subsequently 
without injury to tlie material. 

(h) Mineral oils are derived from crude 
petroleum, sliale and lignite, and consist of 
.saturated, unsaturateil. and closed-chain hydro- 
[ carbons of b.p. over .SOO'"’. 'I’hose of sji.gr. ii}> to 
IU-900 arc usually di.slillation pr<»d^cts. while 
I those of .s|).gr. Iiiglicr than an* either 

I ‘ nMluced <iils' or oils that have been distilled 
! witli sti'ani raciiS. Heavy oils that have been 
di.stilled nmlcr ntnio.splicnc pressure arc unsuit- 
ablt' foifcAsc as lubricants Ix'ciui.se of the preft*nco 
' in tliem of jiroduct.s of ‘crocking' (r. J^etroleum 
' AND ShALIJ OIJv). 

(c) Blended oils. Mim'ral oils are miscible 
with all fatty oils excejit ca.stor oil. and mixtures 
containing 29* .‘10 p.c (»f good fixed oil, r.#/. 
sperm oil, arc the best hibruant.s available for 
ordumrv loiuls and sjiceds. Blown oils (partially 
ox'idiscd oils) are soluble in mineral oils, and are 
sometimes used to give body to the lighter 
grades, but such liJcmlcd oils liave a great 
tendency to gum, and. lliongh clicaj), are not to 
be rcco/nmcnded. 

Id) Greases and solid lubricants. The chief 
: solid lubricants are graphite, soajistone (talc, 

, steatite, l<>ciich < hall<), mica, and asbestos. 

; 'I’hese arc seldom used alone, but arc usually 
incorporated in a greaflc, the advantage being 
! that under ordinary condition.s the frictional 
resistaiKie is merely that due to the reaistance 
to shear of the grease, while under excessive 
jireasurc, lliongh the grea.se may melt and run 
off the bearing, tin* solid lubricant remains and 
; jirevcnts damage. Filling materials, such as 
baryte^ and clialk, are sornctines added to 
; greases, but they are not lubricants, and their 
addition is detrimental. 

Aiiti-fnetion metals (c. Antimony) may bo 
I regurdeil as solid lubricants, but their chief 
I jiurpose i.s to aflord a material into whiidi the 
i .sliatt can bod itself (juickly 
i Greases may be natural fats, c.ij. tallow, but 
• are more eommonly pre^fftred by adding to 
: mineral or fixed oils alkali rneta.] soaps or, moio 
i often, aluminium, hmo or lead soaps of fatty 
acids or resin acids. Such greases frequently 
I contain a considerable (juaiitity of water, but 
‘ if tins IS thoroughly incorjioratod the grease 
j it has no bad effect upon its properties as a 
lubricant. 

Boiled greases are jirepjred by dissolving 
lime soap in mineral oil; they are very good for 
medium and hoavy^achinery. 

‘Set * or axle greases are made by adding to 
i a mixture of mineral oil (JOU gallons) and good 
I slaked lime (.'>99 lbs.), calleil the lime part, a 
I certain proportion of resin oil (2-25 p.c.), 
I called the /«d. The ^ixtur'* is run at once 
I info the packages in which it is to be sold, and 
' in a short time sets to a solid or semi-solid mass, 
: according to the proportion of resin oil added 
j (v. also Archbutt, ,1. Soo. Chem. Ind. 1901.1193). 

! Cup greases are prepared by saponifying fat, 
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usually horse-fat^ with freshly slaked lime In a I Lead-soap lubricants. Lead salts yield on 


large kettle heated by a steam jacket and pro¬ 
vided with a mechanical stirrer. The usual 
proportions pre 2000 lbs. fat, 200 lbs. lime, and 
140 gallons of water. When saponiOcation is 
complete and the o.kccss water has evaporated, 
a light*o<»loiircd mineral oil, Hy).gr. ()'886-()-9I0 
(about 100 gallons), is sjirayed on the contents 
of the kettle until the right eon.si.stency is 
attained. The oil must nrevioiisly he licutcd 
to lOO'^K. 

Engine greases are made liy incor])orating 
cold mineral oil witli liot soluhle .soda or yiotash 
Soap. It is irnportanl. that the soaji should be 
ncutni] (fi|*dwof»d) 

Thickened mineral oils are often nnuh* h) 
incor]>i>rating aluminium oleate witli a iiplil oil. 
The Hoaj> is made as follows ; 112 Jb.V oleie acid 
is mixed willi 20 gallou.s lio( water .ami a 
.solution of lO.j ib.s. 77 p.e. eauslie .stf.’a in 10 
gallons water, and boiled until the furmainm ol 
sodiuin ol(‘ate is (•omj)l<‘te 70 lbs. alum, dis- 
stdved in 20 gallons water, are then added to the 
solution, when aluminium oleate .sej^arates in 
grtflisy ma«.se.s. Jt is freed from moisture by 
pn'SBure (Hur.st) 

Railway waggon grease is usually eompoBed 

of tallow, palm oil, soap, and water ; ami is pre¬ 
pared by heating the tallow and yialm oil to 
IHO'^K, and running in a solution of .sodium 
carbonate at 200’T'. Tlie wliole is stirred well and 
run into tubs to .set. It is usual to vary the 
composition ol the grease according to tlie season 
of the year; the following aro typical f«»rmu]x : 



Summer Me4nim 

Winter 

Tallow 

22 

20 

18 

J^aim oil 

12 

12 

12 

8perm oil 

Sodp crystals 

1 

5 

5 

2 

Watru' 

50 

OJ-5 

08 


100 

100 

JOO 

The grease in list 

on the Midland Rui^wav is 

prepared by di.ssulv 

ing 0 cwt 

of iialm oil in 

J2 cwt. of water and adding to the 

solution 

6 cwt. of tallow ami 2 cwt. of dark mineral oil. 

Another English 

ailway gi'case : — 



Summer 

Winter 

'Fallow 

504 ])urt 

s 420 imi'ls 

Palm oil . 

280 „ 

280 


«; Sperm oil 

22 ,. 

85 

,, 

Caustic soda 

120 ,. 

120 


Water 

1470 .. 

1521 

,, 


Other preparations are made of fallow with 
colza oil, soda, and w.ater in various j)ro]*or- 
tiojis; and, for fine machnics, of tallow with 
castor oil, &c., iS:c. 

PalniH)!! lubricants. Altlutugli palm oil may 
bo used alone, its melting-point is too low for 
most purposes ; to correct tins, tallow and other 
fats are added to tlie amount of one-tliird tir 
one-half of the total weight of the lubricant. A 
small quantity of soda should form a part of 
these lubricants, as by ittf u.se the free fatty acids 
which are contained in palm-oil are saponified 
and their action on the metals with which they 
come in e‘*ntact is destroyeil. Soda also is the 
medium by which water is introduced into the 
mixture. 


saponification with fats solid combinations 
! called lead-soaps ; they are hard at low tempera- 
I tures, viscous at ordinary temperatures, but 
' sufliciently fluid on heating by friction The 
melting-point of lubricants prepared from these 
' suhstam^cs is Ingh, and they aro therefore less 
suited for high syieods. So-eiilled ‘ anti.friction 
lubricants ’ arc comiioscd of lead-soayis A basic 
load acetate (sugar of lead) i.s combined with 
the requisite quantify of fat in the following 
manner. 'I’he Jeacl solution is thus jwyiared : 
Sugar of lead 10 yiarls, litiiarge 10 parts, and 
soft wat<‘r 110 parts, .ire hmleil with frequent 
stirring for an hoiii and a half or two liours. 
'I'lu* mass IS then uIIowihI to rest, and the clear 
. thud ilrawn off and restored to 100 parts by the 
addition of water. It i.s then lieated to fiom 
Mo'F. to JO.'i F. and immediately mixed with 
I ordinary fat (colza oil, I.imI. and sometimes 
neatis-foof od), as. ( </. solution of sugar of li'ad 
100 parts. (ol/a oiJ 80 parts, lard SO part.s 'I'ho 
preyiaratioi) sliould .show a uniform grev colour, 
and. after melting, congeal at from foO'-R to 
122'^K (Hrannt). 

Soap lubricants. Ordinary soft soap, or fat 
combined with jiotash. is serviceable for .some 
puriiosos, but IS liable to liave a part of the 
jiota.sh lye not fixed, by which damage is done 
to metals. 

: Th<* following aie fiom Briumt (Practical 

'rreatise on Animal and \'eg«‘taMe Rats and 
■ Oils) 

' Caoutchouc lubricants for belts. Caoutchouc 

20 parts, Jinsei'd oil 1000 jairls. Melt the 
eauutehouc together with the s.ime quantity of 
linseed oil, and as soon as (lie luixtine com¬ 
mences to (‘volve vapours, stii m 20 jmrts of 
linseed oil and afterwniils add (he remainder of 
the oil by instalments of 1)10 ]khIs. 

Asphaltum waggon greasCi. Asjila Itum :i2 
jiarls, black pitcli 8 parts, ]H‘(rolcum 8 parts, 
litharge 8 ])ar(s. wutei SO parts. 

Naphthalene grease. Najihthalene loo jiarts, 
colza oil 50-100 parts. Ciuile naphthalene i.s 
ii.sod. 

Resin lubricant. Common resm 100 parts, 
resin oil 50 parts, laid .400 part.s. 

Graphite waggon grease. Tallow .40 parts, 
lard 0 parts, palm 01I5O putts, grapliite 2 parts. 

Graphite lubricants for quick.-moving axles. 

'J’aHow UK) jiarts, grajihile* K'Ki parts ; esjiecially 
adapted for .shafts revolving witli great velocity 
w'itliout great load, as oireular saw.s, venti¬ 
lators, etc. 

For this puiqiose natural graphite which 
frequently contains a large projvortion of mineral 
matter is not so well suited as that produced by 
the Acheson jiroeess l>y heating anthracite at 
about 4000"'C. This is reduced by machinery 
to a powder of siic,h fineness that when suspended 
in hquiiis it exhibits the Brownian movement 
and cannot be .separated by filtration, and when 
mixed with oil form.s an emulsion, and does not 
subside on standing. It comes into commerce 
made into a paste with water (aquadag); fat 
(gredag); and oil (oildag). The first serves for 
the preparation of aqueous emulsions for cooling 
and lubricating boring and turning machinery, 
the second is used for cog-wlieels and stufiing- 
boxe.s, and the third, wlien well mixed, to the 
extent of J p.c,, with acid-free machine or 
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cylinder ojl, can bo used for tlic running parts of 
machinery. 

LubriMnt for cutting tools. This is usually 
a .solution of soft soap and soda in water. 

J’hysk’al PaorKRTiEs AND Testing uf 

l.UBRICANTS. 

A. viscosity. For inetlKxls of determining 
viseosity, svy PktroEEUM. Tlie methods then' 
given are e pially applicable to all liibneatingoils, 
d‘'ti'iminiiiion of t/n considi ncf/ oj 
and griiiKs is of iniportaiux', but th<' methods 
avadabli' are entirely enipincul. 

In (ip/xinj/fM a jiointi-d rod of 

glass or metal, weiglited at tlie lo|), slidi-s 
vertie.ally through a liole m a fixed plate. The 
point ol tlie rofi jiresM's on the siirtaei' of Die 
grease eoiilaiiied in a small beaker, and Die time 
taken for it to jHiietiate a d('linile riisti^iie<’ 
into tin- fat IS a im'a'-iiie nf llu‘ slilfm-ss of tlie 
latter. 


^ D. Volatility. It is obviously de.sirablc that 
I lubricating oils should not evaporate to any 
considerable extent at the tomix'raturcs at 
which they arc used. The fatty oils are satis¬ 
factory in this resiieet, but mineral oils fre¬ 
quently contain as much us IT) p.c. of hydro¬ 
carbons volatile at 1(>()°C. 

Arehbult’s apparatus for the determination 
of this lo.ss coii.susts of a copjK'i’ tube placed 
; liorizonDilly across an air-bath by which it can 
I 1)0 kept at any di^sired temperaturi'. ‘The oil 
j to be tested, ii.siialJy gram, i.s placed in a 
I platinum tray within this lube and subjected to a 
enrreni of uir, jirevioiisly healed to the tompera- 
I ture of Die butli, jiassmg at the r#t*of 2 liti-os 
pi'r minute for exactly 1 hour. 

In .some eases ijie oil is tested in a current of 
! sti'ain, bid the jiioei'dure js quite similar to 
that wlien an is us<‘(l. ^ 

As ah example ol its ukc, an oil intended for 
evlinders working at DK) lbs. preHSure is tested 
ul when it should not lose more than 


K.unUii''^ consists of a metal 

cvliiitlei' haxiiig an on(i('<- at the Jow’cr end 
liuough wlucli tli( giiase IS s(pu'e/A‘<l by a 
weiglitcl piston. Tlie whole ap|iaiatus is siii- 
rmmded ii\ a water-).u-kci, so Dial the tempeia- 
ture ol tlie test can be legulati'il. 

In .uiy deleinnnation ol the eonsisteney of 
f/it.s. gO'.il .ittciilion must lie jiuid (o the jire- 
liiinnary liealment D)e_\ H'ceue, as tliey aio 
extremely sensitne to tiu'cliaiiieal (listurlianee 
ami to eliange ol tcinjM'ral lire. Alter the 
grease has been jil.n-ed in jxisitKin if is neeesHary 
to leave it tor 24 hours beloie jiroeeeding with 
tJu: lest 

B. Specific gravity. This pro|)erly m u.sed 
a,s an indication of the nature and jnirity of 
oils, aiul it. forms the liasis ol tlie elussilieallori 
of the ipmeial oils, 'I'here i*-, liow'cver, no 
n(‘(5es>arv eminc'eflon lietweeii sji.gr .uul bibru-al- 
ing [).)w'ei ; I If. it Is well known that mineial oils j 


0 a I P ]).e. of its weight. With iiiacimic oils 
ami .sjumlle oils, even at much h'wer tenij>era- 
luros, tlie p(‘niiissib)e loss is much greater. 

K. Setting-point (Die cold /(s/). With most 
I oils this IS taken as the temperature at which 
I 11ll y cease to (low, but in Dio ease' of Scotch sliale 
i oils t he setting-point is the t<'mperature at which 
solid purathii is first depfKsitcd. 

4'hc oil, eontained lu a corked tube, is cooled 
j in water, or in iia* and salt, until it ceases to How 
I on reversing the tube. It is necessary to mam- 
[ lain the temjierature constant for about 20 
I minules befoie observing the condition of the 
; oil (r. Salkow'.sky, J. Noe. ('hem. Ind. 1888, S7 ; 
land Jlolile, ilnd. 180P, 112; ISmt. KIK, KiO), 
I and in Jlofmeistor's method this is attaini'd by 
[ using soiution.s of various salts, of such eoneen- 
' tratioiis that tlu'y are saturated at their frft'zirig- 
points. The lesult IS Diat freezing takes place 
with formation of a eutectic mixture, and Dio 


common] V have less lubia at mg power (half fatty 
oils of the same sp gr. (h' also J*i;troleum and 
SHADE (UD)- 

riit' sji gr of oils mav !)<• detenmned by the 
.sp gr l)otDr. b\ the Spiengel tube, oj- by Die 
Wesl|)hal balance, but with viseou.s mis tliesi' 
metliods are liable to l)e fi'ilKius, and hydro¬ 
meters'are eominonly useePfor the jiurpose. 

It IS freqiientify necessary to know tlie 
density of an oil .at a temperature at wliicli it 
cannot eonveruentiy be determined e'*|»en- 
mentally; j| can Dien be calculated witli 
Bufiicunt aeciiiaey (1 in 4000) from the following 
formula, if Die fleiisity of the oil at ()0"K. is 
known : D=i/ -Iciy where rf — the density of tlu; 
oil at t)0®F. , 

f0’000308 fur a (ixe^l oil, 
i._l0'000.‘l()7 for a Se.oteh mineral oil, 
jO'OOOHd.*) fur a Riissirf^i mineral^oil, 
(0‘0003o0 for an Ameneaii mineral oil, 
(--the number of degrees above OO""!'’., and 
D=tho required density. 

( . Flash-point. This is the temperature at 
which the oil give.s olt sufficient vapour to form 
an explosive mixture with air m the standard 
apparatus employed (for details .ire Petroleum). 
It is usually staled that only (lils of flash-point 
over .150®-4(X)'’F. should be used as lubricants, 
but the loss on evaiioratiou is at least as good a 
test. ^ 


temperature remains constant till the w'hole is 
so]i<iifie«l. 

•Schiillze’s method, used in (rcrmany, deiienda 
on finding the lcmjM*rature at wliicli the oil 
flows thruugli a tube of 0 mm. diameter at a 
rate of ]() mm. pi'r minute under a pressure 
equal to .^)0 inm. f)f water. 

F. Melting-point of fats and greases. This 
IS freqiK'iitly of importanc<-,^aK a grease loses iU 
powi'f of reducing friction under great pressure 
should it bi'come liquefied As in the case Oi 
: determiii.ation of con.sistcney, attention must be 
j paifl to the prehmmary treatment of the grease, 
aiul it sliould, in most ea-st s, be )eft,undisturbcd 
for 24 hours before the test is made. 

Many methods are usixl, most of which 
di'jiend on observing the teinjicralurc at whicli 
tlie grease Is-gins to How iii^lcr its own weight 
(r. Henscmaiin, J. iSoe, (’hem. Ind. 1885, 535; 
Cook, CJiem. »So<'. P»oc. 18t>7, 74). 

I (}. The colour of oils js of some importanoc, 

I and Hedw'ood uses Lnvibond’s tintometer (u. art. 

' CoiX)R[METER.s) for making a numerical record of 
1 his characteristic. M^st mineral oils exhibit a 
(ligiroscence, usually of a blue or green colour, 
but this IS not of much im|)ortaneo as a test 
I (l>. I’ETROLEUAl). 

; H. Olliness. The most imiwrlant property 
; of oils and greases which are to bo used under 
i conditions of low Bjiced and high pressure 
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(under 100 feet per minute and over 70 lbs. per 
square inch), is tW called ' oUinesa ’ (unciimiiy, 
Ivbricity). It depends on (1) interfacial action, 
which causes oils to spread themselves over 
motallio surfaces, and ( 2 ) on the power of the 
him to resist disruption. 

It seems to be connected with the presence of 
UDsaturated compounds which constitute 20- 
40 p.c. of most lubricating oils. It would appear 
that the unsaturated niolocuk‘.s of tho iubneant 
enter irfto a firm physico-ehenncal iimon witli 
the metallic surfaces, forrnitjg a friction surface 
which is a compound of oil and inclal. 'I'ho-sc 
oils which have tlie smallest coefliciont of friction 
are found /o«U‘ the b(‘st lubncants iti juactico 
(Dccicy, Proc. Pliys. iSoi 2K, H, 

Oiluiess may be deliiiod as tli»‘ power of a 
lubricant to iiiaintain an unbroken him under a 
hea^y load ; it cannot be uicaKured in any exaet 
way, and informal ion us to the <“Steiit7b wliicli 
any given oil possess Ihis jiiojicrly may bi-sl be 
obtained by jiropcriy eondnclVd tests on 
luochamsms resembling those' on which it will 
bo used. Oiluicss would seem to dejamd U]>on 
the clTect of tJie lubneanl iijion the surtaci-s with 
wliioh it IS in eenitacl ralhi r than on any jiar- 
lieulur physical projierly of tin- Iubneant 
This jiroperty is not. neees.saiily connected with 
viscosity, being possessiil m much greater 
degree by lixed oils than hy mineral oil.s of the 
same viscosity. Moreovei. dithaent inuieial 
lubricating oils of the same visco.sity give very 
different frictional ivHults. This is’(he leason 
that mineral oils must be blended w'lth fatly oils 
to get the b(!st lubncants for ordinary machinery. 
The amount of the admixed fatty ml necil not 
be large, btanton and Jlyile f<anid that a small 
proportion of ra]K“ iiil had almost as marked 
efieet upon the friction as a much iargei j>ci- 
centaj^e. 

Oil-testing niaelunes are nuidi* of inaiiy 
different design.s, and may be used to investi¬ 
gate ; 

(1) Comparative oiiiness or greasries.s of 
lubricants; 

(2) Frictional elTocts due to viscosity ; 

( 8 ) Effects of teni])(“rature on friction ; 

(4) Effoets of different loads ; 

(5) Effects clue to varying speeds ; 

(tl) Effects produced by different metals 
working in contact; 

(7) Effects resulting from different metliods 
Iti applying the lubricant. 

Most of those effects, except ( 1 ), are amenable 
to calculation, or can l>c more easily determined 
in some othtjr W’ny ; Nos. (tl) and (“) are rather 
concerned with the design of bearings than with 
lubricants. 

In most machines an experimental journal 
runs in brasses loaded in a manner w’hich can 
be regulated by the operator, i.y. hy a sjiring. 
The detailed description i»{ such machines hardly 
falls within the scope of IIuh article, and it is 
sufficient to say that Thurston’s oil-testing 
machine is largely used (for a detailed descrip¬ 
tion, aee Archbutt and ^)eeicv, Lubricants and 
Lubrication. 332; Hurst, Lubricating U'ls, 
Pats, and Greases, 2.'>4 i t Machines of 

similar type arc tho.so of It. E. Smith, A. 
I®lrtius, Ingham and Stapfer, iStroudloy, Good¬ 
man, and Lahmoyer (A. and U. chap. ix.). 

These testing machines all" suffer from the 


disadvantage that, at the speeds at which they 
are usually run, the frictional effects observed 
are duo solely to the viscosity of the oil used, and 
' therefore only give information as to that 
property; information which could better bo 
i obtained with a viscosimeter. 

Machines of what is known as the disc atid 
\ collar type are of much more use in investigat- 
; ing the ‘ oilmcs.s’ of lubricants. In them the 
! oil IS fed betw'cen a rotating disc and a stationary 
plate, a load is ajiplied to f(»rcc the two together, 
and low sjx'cds an* used. 'I’Jie best known 
I niaelunes of this class are MaeNaught's, Wood- 
biirv K, l)(‘{»re'/ and Napoirs, and Tower's. 

pt lalith'iii oil-tr^Ur is sjiecially 
; designed f<u' use with mis intended foi- watches, 
cloi ivs. and other small machitios. 

t'lrEMicaL Pbopek’J’jks oi' Lubkk’ANTs. 

^J'he cliemical nietho<Js used foi the examina¬ 
tion of lubncants aie those used for oils in 
general (r. J'etkoleum; anji Pixed, anj> 
Pats). 

The chemical properties of oils w'hieh are of 
special imporfama- witJi ndeicncc' to their use 
as lubncants are : (I) corrosive action on metals, 

, which IS closely connected with the acidity of 
the oil; (2) tlieir tendency to gum or resinify ; 
and (3) their lialuhty to decomposition under 
the Conditions of use. 

{ 1 } .Mthst o'l--, evon when fushJy pro- 

ppred, eontain some fatty acid, the amount of 
' which imrcasos with time of storage of the 
' uiuehned «»il. This cannot I.e avoiderl, and is 
one of the chief reasons that su<h oils have been 
Iarg(‘Iy superseded by nuMcral or Ivleiided oils. 
'I'hc addition of resin or resin oil to a luhncant 
will often inerchse tlm ai’idity owing to the 
lesm acids present. 

In the case of mineral oils coil.-'ist mg essentially 
: of hyili’ocarbon.s it has been surmised that their 
hibric'ating value depends upon the presence ot 
unsaturated molecules (Dunstan and 'I'hole). 
Ajijtarently the same is triu* m regard to fatty 
lubricants. It ha.s been shown that free fatty 
acids, in limited annuint, greatly improve the 
friction riHlueing values ()t mineral oils and that 
; the improvement in ‘oiiiness’ or lubricating 
]»owcr of a mineral oh, by mixing with itV fixed 
oil. i.s mainly due to the smi.ll quantity of free 
fatty acul than to the- neutral glyceride (W’ells 
and l>outheonibe, .). Soc. ('hem. Jnd. 39 (1020), 
.■>3 K ; Arehbutt, / c.). 

(.'nido petroleum noroially contains small 
amounts of organic acids, but refined mineral 
oils ought to be practically free from acidity. 
In many oa.ses whore they do not conform to 
this standard they are found to contain free 
sulphuric acid, which has been left in the oil 
i owing impci-f^ct washing after refining with 
' acid. 

; I’he extent of the corrosive action of an oil 
; on metals is juopttrtional to its acidity, but is 
; conditioned by the access of air or water to the 
j metal. In absence of air and water even a 
j grease containing 70 p.c. of fatty acids has little 
j or no action on metals (Burstyn, Ding), poly. J. 
217, 314; Redwood, J. Soc. Ghem. Ind. 1888, 
I 382; Fox, Analyst, 1883, 8 , 116; Donath, J. 
; Soc. Chem. Jnd. 1896, 283). The acidity is 
i usually determined by titration, and is expressed 
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in terms of alkali required to neutralise it, or as 
olcic acid. 

(2) Th5 tendency to gum in the case of fatty 
oils is closely associated with their drying 
properties Such oils as linseed oil are impossible 
as lubricants. The semi*drying oils are not used 
as lubricants with the single exception of rape 
oil, the leant oxidisable, which is largely used 
owing to its low cost. 

A rough idea of the drying j)ropcrties of oils 
can be obtained by coating them on pieces of 
clean glass and observing the length of time they 
take to set, or to arrive at the .same consistency. 
Another way is to place drops of the oils at the 
upper end of an intdincd steel plato, and observe 
the distances tliey travel before <;oining to rest. 
Care must be taken to distingui.^^h thr»ae eases in 
which tlie thickening of an oil is due to its 
acidity, tlie corrosive acliim resulting in the for¬ 
mation of metallic soa|).s whicli diss(dvc in tht^oil. 

Mineral lubricating oils can ah.sorh small 
quantities of oxygen at a high temjieralure 
(Bacli, J. 8oc. Cliciii. Ind. 1880, *.♦!)(>; O.strejko. 
J. So(;. fOu'in. Ind. 1800, 20, 0-15, and MC)), but 
under ordinary conditions su<‘h oxidation is 
practically nJ. Any tendemy to gum in this 
case is due to ('vapnratu'n of tlic lighter consti¬ 
tuents witli (lopoHition of asjihaltic and tarry 
matters (lloUlc, J. Soc. (.'hem. lud. 180-i, 01)8; 
1805, 804). 'I’he amount of Intuimnoiis mattei 
present can be determined by extraction with 
light petroleum (Bonder, d. Soc. ('hem. Ind. 
1801, :i54). Closely associated with the guiji- 
iniiig tendencies of oils is their liabibty to cause 
spoiitanoous coinbiisUon of cotton waste, &c., 
with wJiich they come in contact. For this 
reason mineral oils have entirely sufierseded 
fixed oils in many cotton nulls. 

i'.l) 'I’he danger of dc('<m'ito.‘iilw/i is present in 
tho.se bei^rings which lun at a liigh temperature, 
e.7. hot nock roll#, but the eommoiicflt case where 
this has to be considered is that of cylinders of 
steam, ga.s, and oil engines. Por thcsi» pure 
fixed oils .should never be used, as in [iresence of 
steam they are hydrolysed to glycerol and fatty 
acids which rajjidly eorroclt! the cylinder and 
piston, forming large lumjis of metallic soap. 
Steam evlinders arc best lubricated with 
* reduced ’ mineral oils of high viscosity, density, 
and flash-point, but very ^tisfactory results are 
obtained in pract r-e by using lighter grades of 
mineral oils containing up to 30 p.c. of fixed 
oils or ‘ blown oils.’ » 

For tho lubrication of the cylinders of gas 
and oil engines a jmre mineral oil should be used, 
preferably one which will evaporate without 
leaving any residue, 'i’he high temficraturo of 
the walls of such cylinders and the presence of 
fiame cause such carbonisation of the oil and, 
unless care is used in its selection, this may 
cause serious trouble. • ^ 

See Oils, FrxED, and fats; Petroleum; 
also Encyclop. Britt. 1910, arts. Lubricants and 
Lubrication; Archbutt and Deeloy, Lubrica¬ 
tion and Lubricants; Lewkowitsch, Chemical 
Technology of Oils, Fats, and Waxes; JledwocxI, 
Lubricants, Oils, and Greases; G. H. Hurst, 
Lubricating Oils, Fata, and Greases; Carpenter 
and Leask, Soap, Candles, Lubricants, and 
Glycerin, 268 et aeq.; Discussion on Lubrica¬ 
tion, Phy. Soc. of London, 1919,32,15; J. Soc. 
Chem. Ind. 1919, 38, 7T; Archbutt, J. Soc. 


Chem. Ind. 1921,40,287T; Report Lubrication 
Inquiry Committee, 1920 (Dept, of Sciont. and 
Indust. Research). 

LUCERNE or ALFALFA, 3/edtcago aaiiva 
(Linn.). A leguminous plant bearing loose 
racemes of bluish-purple flowers. Its root 
penetrates very deeply into the soil and thus 
enables it to sustain drought. It is chiefly used 
as a fodder plant for horses, cattle and sheep, 
being generally cut and eaten gi’cen, though 
sometimes made into hay. It should be cut at 
or before the flowering period, or it tends to 
become woody and less digestilik'. The follow¬ 
ing show.s tlie average composition of the plant 
in tlic freshly cut condition:— • • 


V 5 2 H £ 

r. « F £ S is"? .S# .a 

^ t 'f.Z 6s E -3 

Very young . 81-J 4*0 !•(; fi'2 0*8 4*4 1*9 

Befon' flower¬ 
ing . . 7()'() 3-0 1-5 9-(l 0-8 (l-S 2-3 

InfulMlow'cr. 7l)-0 27 1’2 9-3 0*8 7-8 2-2 

M’hilr I he iijiy from (iie jilunt lias tlie coniposi 
tioii: 

(,'ut hefove 

tloweruig , Ki-O 12-2 4 0 3M 2-4 27-0 7*3 
Cut in 

flower . Hi-5 107 3-5 29-2 2-0 29-5 8-0 

The asli is rich in iinu'. Lneerne hay has 

in.arked diuretic jiroperl ics. The seed is small 
and kidney-sha|K“cl, and is borne in a spiral j>od. 
For a study of the eiiyvnies present in various 
jiarts of tile ])lant, see Jacobson and Holmes 
(J. Anier. Chem. Soc. 1914, 30, 2170 ; J. Chem, 
Soc. Abst. 1913, I, J5J, ; 1914, 1, IJ93). For 
Jucerno-seed oil, ficr J. and H. (J. Amer. Chem. 
Soc. lOK), 38, 480). • 

'i’he asli of lucerne contains ; 

K^o N<ioO Mk<) CiU) 1*,.06 SO 3 KiOj, Cl 

25-3 J*1 5-8 48*0 S'C) (id 2*0 1*9 

H. I. 

LUCIDOL. Trade name for benzoyl peroxide 
used as on oxidising agent. Is a powerful 
antisejitic and may bo employed as a drier 
towards linseed oil and other drying oils and for 
bleaching oils. JCxplodcH on heating. 

LUCIFERESCEINE. fluorescent material 
present in certain luminous insects, particularly 
the fireflies (Photinus jnfrnlis), (P. corruacua) and 
(P. MrintiWinA). An alcoholic solution of the 
sticky fluid which the insects emit when irri¬ 
tated, has a bright blue fluoi'escepce, yields a 
pale yellow amorphous substance, luciferea- 
mwe, giving a red coloration with concen¬ 
trated sulphuric acid, and a don.se cream- 
coloured preci])itato witli potessiwni fcrrocyanido 
(Coblentz, Physikal. Zeitseh. 1909, 10, 966; 
McDermott, J. Amor. Chem. Soc. 1911, 33, 410). 

LUDYL. Phenyl-disulphaminotetra-dioxy- 
diamino-arseno-benzene. 

LUMINAL. Trade name for phenylethyl 
barbituric aci<i C^Hj^C't’jlLlC’O-NH IjCO now 
o^cially termed ‘ jihcnylbarbital ’ in America 
(r. Pykimidines and Synthetic drugs). 

LUMINAL-SODIUM, The sodium salt of 
phenylethylbarbituric acid. A white hygro¬ 
scopic powder, readilv soluble in water and 
alcohol, sparingly soluble in ethf^r and chloroform 
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Oh boiling the solution, the salt is decomposed 
with evolution of carbon dioxido and formation 
of j)hoiiyl ethyl acetyl urea. 

LUMINOUS PAINT e. Uaiui;m .SULPHIDE. 

LUMINOUS PAINTS. MANUFACTURE OF. 

Four methods for the luanufacturo of ^diosplior- 
oscent pigments arc enijdoyed. The first 
utilises oyster shells as the raw material. 'J’ho 
shells are first washed with hot watei and then 
dried and calcined at a briKlit red heat. After 
cooling, the mass is crushed and freed from tlic 
dihru of the c.vkTnal layers. The ^ihell jiowder 
is then mixed with a small anioimt (*f ]/owdcred 
wood clutreoal and tran.sferreil 1 (»a clay (Tucil)l(', 
where Jt |j( ^rranged in altcrnaU* layers with 
powdered sulphur. The crucihh', (■overe<I by a 
lid seeiiroly luted on, is strongly heak'd f«»r about 
an hour, and after cooliug the mass i.s extracteii 
and pulvrri.sed. A phosphoro.scent (oloiir ]iie- 
jKircd in this way from an iinpuM'*'calciuiii 
carlxuiak' affords a more intens(‘ light tluin the 
ooloiirs made from jmre « iirbona<(“ of lime. Jn 
the secomi method tlic .suljdiatcs <if calciuiii, 
barium, or sln»ntinm are u.scd as the raw 
inak'rial.s. 'I’lu'se are intimately mixed with 
jiowdered wood ciuinoal, in the piojxirtioijs ol 
J part of carbon to Ti or |iarts of sulpluite. The 
mixture is then calcined as iii tin* pievioii.s 
ju'occss. In the third method, when working 
with Ccirbonak's such as marble, witlientc, or 
earlnmati' of btrontium it is necessary to add, 
ill aildition tu the wood charcoal, rather more 
than one chc<mcal cijuivah'iit ot suljiliur. and 
then to procei'd in the same manner as with tlic 
oyster shells. The seconrl and thml jiroci'sse.s 
give mH.sses with an orange, green, blue, or red 
pliosphorescenei'. The s’llphiir i.> sometimes 
replaced by antimony sulphide or other .similar 
sulphur conijiounds. More luminous but more 
oxjM'nkive colours caii be produced liy .starting 
with calcium o\i(li‘, hunum carbonate, nr 
carbonate or sulphate of strontium, cither alone 
or mixed with calcium oxide oi marble. The 
necessary earbon is obtained from starch, which 
is tiiixeil with the above .substances. 'I’he 
carbonato.s of rubidium and lithium, as well u.s 
bismuth nitrate, are o<iually of service. Some¬ 
times sodium Buljihatc. or c\en lend acetate, is 
added, and the fonnuhe for the mixings vary 
w'ith each individual factory. It may be taken 
as a general rule, lu'wevcr. that about 80 parts 
of the principal constituent rc(|uirc 12 jnirts of 
vulphur (or less if otlier sulphur coinjioiinds be 

f ireaent); 4 to 5 jinrts of starch, 2 to 1- parts of 
ithium carbonate, and ()-01 to 0-.5 part of otlier 
metallic compounds. Those constituents, which 
are used only in very small amounts, are be.st 
added in ah!f)holic solution. 'I'lie mixtures arc 
heated in a closed crucible for throe-(piartcrs t<i 
one hour at a t(^pij>eraturc of about J200°(‘. 
Phosphorescent pigments arc, when used, often 
mixed with barium sulphate, lakes of natural 
colouring matters, and often with mineral pig¬ 
ments of the same shade as the phosphorescent 
body itself. Thus, for examjile. realgar is used 
with red shades and orjunient with yellow’' 
shadc.s ({). Prnger, ('hem, Tech. Kabnkajit, 
througli (.'hem, T'rado Jonrn. August b, 1921, 
158). 

. LUNAR CAUSTIC. iSilvei* nitrate fused and 
cast into rods or sticks. 

LUPANINE CijHg^ONj occurs in the d- and 


dl- form in the seeds of Lupinus albiM (Linn.), and 
m the d- form in those of L. att^nglifoUua (Linn.) 
and L. ptrennis (Linn.). The dl- form crystal- 
lises in needles, m.p. 99°, and furnishes crystal- 
, line salts. The d- form has m.p. 44°, and yields 
salts which are le.ss soluble and crystallise more 
easily than those of the dl- form. The I- form, 
which may be separated from racemic lupaninc, 
has m.p. 43° 44°, and crystallises loss easily than 
the rf- form. Jt has been suggested from time to 
time that lupanine is elosely related to sparteine, 
but according to Peekel (Arch. Pharm. 1911, 249, 
329; 1912, 250, 700), this is not the case. Ail 
llie forms ot lupanine' arc bitter and poi.sonous 
(Kichhorn, Nobfx-s Vers. yt. JHti7, 272; yiebert, 
Cheiii. iSoc. Abslr. lStl2, ()2, 223 ; yoldaini, lioll. 
('hem. b^arni. 1902, 41, 37, Arch. Pharm. 1902, 
240, 2(10 ; Davis, Apoth. Zeit. IS9(), IJ, 94). 

LUPEOL, A Mibsliinee (»f the foimula 
('tfllljioD found u.ssoiaated with ciniuiniie acid in 
iQui/nutnilDirliopsis] Tn ufm (lUirek.). t'lystal- 
liscM 111 fiiK' needles, de.xtiorotatory aj,-- 4 27*2° 
111 eiiloroform, m.p. 190° 192° (Jungtlciseh and 
Leroiix. (’om]il. lend. 1907, 144, 1435; rf. Van. 
Hombiirgh, ibuL 1907, 92(»). 

LUPINES. Litpinu'^ luhiis (Linn.); L. 

(Linn.); L. o/5«.s (Linn.). The 
above three varieties, whose tloweis are ycliovv', 
blue, and while ii‘s|)ccti\’ely, are the chief .species 
grown. They an* often grown lor gicen manure 
on account ot their nitiogen-colleetmg ])o\\ci'.s, 
and arc employed to eiincli jioor sandy sods in 
nitrogenous organic mattoi. They are only 
occasionally us<-cl as food (itlu'r for men or 
animals, because of their bitter ta.ste, but in times 
of famine they aie .soinotinies Used as an addition 
to rye-bri'ad. 

The following gives the mean euinpositibn 
of .several varieties of the .seed (Konig);— 

.N'free Jriide 

Water 1‘rolciii t’at t.xtriu t litre Ash 
Willie lujuiu's 1.0-9 28 8 0 8 33-0 Jl-9 3-() 

J^laek' . 14-3 38-8 4-0 23-9 14-5 3-il 

Blue „ . i4-3 29-7 5-3 35T) 12-2 2-9 

Yellow , H-7 37-8 4*3 25*5 14-2 3*5 

The ‘ jaotein' of lujnnes containK a con¬ 
siderable proportion (10-29 p.c.) of non- 
albuminoids. A jiortion of the non-albuminoid 
nitrogen exists in ‘,he form of alkaloid-like 
substances. JJlue and whito..hi pines contain a 
substance lupamn which can exist 

in tv:o form.s: a liquid wluch forms a hydro¬ 
chloride Ci5H24NoU.H(' 1,2J1.4), erystaUising 
in prisms melting at 132°-13'3°; and a solid, 
erystaili.sing in monoelinie crystals, which 
melt at 99°, and which forms a hydrochloride of 
; the same composition as the other, but melting 
at 105'“- Lvpi>nn occurs 

in yellow hijiines; it forms crystals melting at 
LuptniCin, another liquid alkaloid- 
like .substance, consists of a solution of a crystal¬ 
line hydrate CgHijN-fH.,0 m the oily ba.se 
(.‘gllj.NL The latter is a thick, oily liquid cosily 
soluble in alcohol and ether, smells like hemlock 
and has an luten.sely bitter lastc. It oxidises 
rapidly by e\[>osui-e to air and acts as a weak 
jKiison. 

These alkaloid-like'substances are present 
both in the si‘eds and in the leaves and stems, and 
thus render the plant unpalatable to animals. 
The poisonous properties of lupines, often fatal' 
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to Hhcf.p, were forniiTly aBcribed to llieHO 
alkaloids, but according to Kuhn and Licbschor, 
they are due to ‘ Ichtrogen,’ a substance 
produee<l by the growth of a fungus which 
attacks lupines, and which can be extracted 
from diseased plants by treatment with 
water. 

Lupines an* sometimes depiivcd of tlieir 
bitter taste before Inung given to animals. This 
can be done by an hour’s steaming and washing 
with water ; according to KcUikt this treatment 
removes ]>ractically tlie whole of tlic alkaloids 
(95 p.e.), while it also removes about 8 -4 ]).(;. of 
the nitrogenous subslames, and 15-20 pe of 
the total dry matter. In spite «)t tins loss th<‘ 
treated lupines an* of greater fei'dmg value than 
tliose untreated. 

Of the ]>roteids m lupinos, conuhitin is the 
laig(*sl eoiihUtuent. The ‘ nitrog(*n fieeexti.iet ’ 
of Iupin<*s consists Iarg(‘ly ol gums and pectin 
b«)dies. together with starch and eane sii/far. 
'Die blue Juimie <-ontains .ih«»ut II jt c. of 
lupiosi (/5-galaetau): l\\ lualing with diliile 

sulpliuiie acid it ''plits iij) nil<* (/-fnutosc and 
gala.toM* 

'I’Ik' foliowing an* analyse^ of the a^li of 
lupines (Koiug):—• 

CJ (Tj -5 ^ O 

U5 w' ?• u. a. r. 7. o 

Ycliowhipincs 3u '> 0 7 7 1 Ig H o 7 Uft 0 8 7 0 2 0 8 

nine ,, auu 10 lor. u: oo .57 i 7 k i o o 4 

Wliite ,, 3.5 7 17 {) 7 8 Wg — ^3*7 (18 0 !l g I 

11. I. 

LUPINIDINE (S/>(virrf/() r. Buoum tops. * 

LUPININE ('loH.oON, on alkaloid found 
with s|mrl(*ine in the st'ctls of Liipiiius lufiiia 
(Linn.) and L ni'jri lihomhie crystals, 
m.jt. (18'. Ihstils without deeompo.sitmn in 
iiydrogen at 225 257'\ la'vorotatory. It is 
bitter ami sliglilly to\ic. I.s a tertiary, hydroxy 
ha.se which fniim^ies crystalline .salts (Baiiniert, 
jier. 1881, 14, 1150: iSH2, 15, 1951: Hagen, 
Annalen. 1885, 2.49, 879 , Sielx-rt. An li. Biiavm. 
1891. 229, 581 : .Sohlaiiii, i/m/. 1892, 289, J(>; 
Lerend, ihul. J897. 285, 2li2 ; Will.statter and 
Euurn(*au B«*r I9(t2, 85, J919). 

LUPULIN V. ()LL()-Rh8INS. 

LUTECIENNE. A mixtuie of Past I4.eil A 
with Oiange II. (^ na])hthol orange), the .sodium 
salt of* /i-sul]»hol)eiizi*ne-al^i-^-napiitho(, eom<*s 
into eonimeree up',li;r this name. Known also 
as French Red. The name is also given lo tlic 
alkaline salts of (libromodinitro-Huoroscein„pre¬ 
pared by simultaneous nitration and brominal ion 
of fluorescein ir. alcoholic solution or by nitra* 
tion of (hbro»nofluor(“sevin m acetic acul or 
aqueous solution. 

lutecium. iSym. Lii. At.wt. J74 (175-0 
Auer von Welsbaeli). d’lie identilieatioii of this 
rare earth metal lias resulted from the systematic 
examination of Mangnac’s jf^tterbia K'onipt. 
rend. 1878, 87, 578), which is isolated from the 
least basic jiortions of tlu* yttria ('urths ilenvcd 
from xenolime or ytterbitc (gadolinite) (e. 
Ceritk metals). Prolonged fraetionatifm in 
nitric acid of the crude ytterbium nitrate removed 
yttrium, erbium, and finally thulium, a trace of 
thorium lx*uig separated with hydrogen jx*roxide. 
The atomic w«‘jght of the elements present in the 
final fractions rose from IflO-O to 173*8. The 
most soluble fractions, which give the highest 
atomic weights, showed 34 characteristic lines 


in the spark spectrum and the band y (A617‘5- 
A513) in the absorption spectrum which are 
characteristic of lutecium (Urbain, Conipt. rend. 
1907, J45, 759 ; r/. Aui'r von Welsbach, Sitzungs- 
bcr. Wien. Akad. 1907, 408). 'I'he commcreiaTly 
separated yttrium earths from ytt-erbito liavo 
been further fractionated as chromates to remove 
yttrium, and crystallised as nitrates, and as 
double nitrates with bi.smuth and magnesjuiu 
to pre<“ipitate cerium and lantluinum. After 
ri'inoving the (*xeess of bismuth and magnesium, 
the* lutecium fraction was ]iroeij)ita1ed as oxalate, 
converted into lutrati*, ami fractionated to 
eliminate suc(H‘.sMv«*ly erbium, yttrium and 
neoytterlmim. 'J’he ino.st solubje lutecium 
fraction, converted into <liloiide wifh Rul])hur 
chloride (r. Cerh’M). was heated till .seamliuni 
ami Ifionum chlorides were volatilised. Lafr- 
(imn (Iilonih js more volatile than iieoytterbium 
ohlotide f^h'lunn, Ihuinmi, ami Maillai’d, t'oitfpl.. 
rend. 1995), 149, 127). 'I’he xenotime earths 
were ll•ee<l from (cerium, gadolinium, terbium and 
(ly.sprosimn by fractionating the etiiyl sulphalos ; 
tlic most .soluble yfterhmm fraction (containing 
\tltMmi, crhinm. anrl tlnilium) was (*onverted 
into nitrati', and decomposed fractionally in 
lutnc acid when ncoyllerlniim ami lutecium were 
ohtaiMcil in the most <>as»ly ileconqiosablo 
portions {rf. Auer von Wi*l.sbacli, MoiiatslL 
1918, 81, 1718}. 

Lutecia (luUctidii oialr) Lu^O., is less basic 
tliaii m*oyttcihia, ami can be separated from it 
by fractional jireeipiiatioii witli eaustie alkali; 
it is le.ss paramagnetic than the latter oxide, the 
magnetic siiscejitihilities )ii*ing in the. ratio 
1 Yh.O.,: Lii.(),=--58 : 18 (Urbain, Compt. rend. 
]9()8, I4li. ’HM*). 

'I’lie HnnI uneiystalli.sabie motber liquors 
obtained m the sejiaration of lutoinum from 
ytt<-rbile (Init not from xenotime) )ir(ii>ah)y 
contain a ii(*w iileim'iit Cdtium mdicated by a 
eliaraetenstic arc speetnim. 'J’lic magnetic sus¬ 
ceptibility of e<*ltMim oxide is three or four times 
less tluij^ that of luteeiit, and in basic strength 
the former oxuh* is inlcimeibate between the 
latter and .scandia (Urbain, (’oinpt. rend. 1911, 
152, 141 ; Urlinin and Llumenfeld, ibid. 1914, 
159, 828) («. t'Ei.TiuM). G. T. M. 

LUTEOLIN. Tlie sodium salt of m-xylidin- 
sulplioiiic-ttzo-diphenylamine. An orange-yellow 
(lye discovered by Witt in 1888. No longer used. 
Also the colouring matter of weld (^.r.). 

LUTES are used for packing joints, repairing 
fractures, and coating vessels externally to 
render them impervious to va|Kiurs, Ac. For a 
lute to be efTeetive it is imi>ortant that the sur- 
[ faces to whieli it is applied should Wi denn, and 
in the ease of lutes that arc applied in a molten 
i or semi-fluid sliite it is preferable previously to 
I heat the parts that are to he joined. 

I Of lutes for joints which are not to Ixi sub- 
' jected to high tenipjjraturc may be mentioned : 
|(l) Soaked bladder .stretched ami tied over a 
I joint or emph>ye<l to .secure another lute on the 
: joint. (2) Imlia-rubber bands, or caoutchouc 
I melted or dissolved in coal tar, naphtha, or 
' other .solvent. (8) A .Hilutn n of 1 part caout¬ 
chouc in 2 jmrLs iiot linseed oil mixed with 3 
jiarts jiipeelay; t his mixture remains soft and 
is very impervious. (4) Ijinseed or almond 
meal made into a paste with water, milk, glue, 
or lime-water. (6) A mixture of white load and 
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oil spread upon strips of linen or bundles of tow. 
(0) Quicklime reduced to a dry powder by addi¬ 
tion of a small quantity of water, and mixed 
with white of egg diluted with its own volume 
of water, is spread on linen strips and rajudly 
applied to the joint. 'I'liis lute dries quickly 
and adheres strongly to glass. (7) Lute d'dnr, a 
very strong cement ])re]iared hy mixing strong 
glue with recently slaked lime, with subse<|uent 
addition of white 4»f egg. (8) (‘luilk and linseed 
oil (glazier’s i>utty). (W) Piaster of Pans made 
into a paste with water, gum water, or glue, and 
coated when dry, if the joint is to be gas-tight, 
with molteil paralhn or nil. (10) AV//enn- 
sisting of^i^iuxlun' (d clay and hmled linseed 
oil, IS apjdied ami retained by bladder or other 
substance, to hot joints oi to jirevenl eseupi' <if 
eorroHive vapours. (11) A mixture of elay with 
a Sj^ilution of ueiatin in pyioiigneous acid. 

Por joints which ai'e to ^esl^( coTisiderable 
internal pressuie. especially the joints of steam 
pipes, a mixture is apjiiied <a)iiMs(ing of equal 
jHirts of red haul and white lead rnadi* into a 
jmste with hirsied oil and mixed with tow. 
Other lutes for tins jnirpose an': (1) 12 of 
Paris white, 5 of red oclin', 2o ot Venetian red, 
and A of jiliimbago. ground and mixed to a 
stiff paste witli lioilcil linseed oil ('rhompsou, 
Eng. Pat. 271)75, IH!).5). (2) Metallic zme 

powder mixed with tow or whiting and made 
into a jiast«' with linseed oil or wooil oil (Itoneville 
(h). Fr. Pal. 2112788). (2) (i parts graphite, 

3 parts slaked lime. 8 jKuts poudered barytes, 
and 7 jmrts of bmled Imseed oil. 

Eor making jiermanent j(-tiils and closing 
joints between im'lal and glass. i\c. \aii<»us 
compositions conl<iinMig lieeswax arc used. 
Beeswax when melted willi oiie-eighth its wi'iglit 
of turpentine becomes le.ss briltle ami, when the 
matmals arc melted in e(juul projxulions. the 
product heeomes pliant wIkmi held in tlu' Imml, 
molts easily, and is known a.s sofi i-nuvnL Cap 
caneni or hard rri/un/, for closing the covers. &e., 
of scjoatific ajijiaratusr is jm'parecl by mixing 
and melting 1 jiart beeswax, 5 jiarts resin, and 
J part dried red (K'hro or other colouring matter. 
The mixture is heated to 100 until all frothing 
has ceased, and is cooled with frequent stirring 
to prevent sotllement of the pigment. 

Bottle luli’^ arc used to cover the stojipersor 
corks of bottles. ^ 1’lial most commonly em¬ 
ployed is sealing wax ; paraffin wax is also good. 

♦'Wholesale dealers usually lute the stoppers of 
acid bottles witli a jiastc of linseed meal and 
water, 

Plumhc^'e Ink is made by adding 2 parts of 
line brickdust to 1 part iff melted black resin and 
stirring in thoroughly. 

A waterproof revunt, introduced by Edmund 
Davy, is prepai-e^l by melting together 2 parts 
by weight of common pitch and 1 j>art of gutta 
pcrchtty with constant stiK'ing. The resultant 
homogeneous fluid adheres with great tenacity 
to metal, stone, wood, Ac., if applied to warm 
surfaces of those substances, and. although 
hard, is not brittle. It ^uftens when heated and 
passes through various stages of viscosity lyitil 
above lOO'^F. it forms a thin lliiid. It apja^ara 
to Iki absolutely unaffected by contact with 
water. 

Mixtures of boiled linseed oil, clay, asbestos 
and rod or white lead are waterproof, as is a 


mixture of flax seed meal and water. Portland 
cement mixed with water containing sodium 
silicate or glue makes a good lute. 

(HI proof ccmcnk may be made from (a) glue, 
glycerol and water; '{h) molasses and flour; 
(o) .sodium silicate and whiting, or barium 
.sulphaU^. 

'I’wo good andproof lutes are: (1) Pipe¬ 
clay made into a stiff jiaste with hot coal-tar; 
(2) equal jiarts of pitch and resin melted together 
and ineor])orat(*il with 1 jiart of jdastor of Paris ; 
(2) equal weights of rubber (dissolved in CSo) 
and boiled linseed oil. 

A useful laboratory cement is obtained by 
mixing litharge to a stiff paste with glycerol, 
'riiis (piickly sets to a hard mass, impervious to 
water iir gases. 

'riiis eemeiii is eni|iloy(‘d for lining the 
digesters used iii the manuiaeture of sulphite 
jMiJp. l^’or its hohaviour in setting, s'c Merivin, 
-I. Iml. Eng. ('hem. 15)17, 5), 25)0. A suitable 
mixture for )<uats ot silica ware (vitreosil) con¬ 
sists ol 40 parts of asbestos, small. 8 jiarts asbestos 
iiltre, 10 ])arts whiting, 2-2 parts tallow, boiled 
linseed oil 25) 40 jiarts. 

A cJiloniic irsistanl cn/iivi eomsists of pow¬ 
dered glass (1), I’oilland cement (1), sodium 
.silicate (1). 

Acilom rollod'oii, a solution of collodion in 
acetone, i,-, very useful as a lute in the laboratory. 
Painted on with a ItniHli. it quickly diies to a 
hard lilm. winch is ju'oof against water and 
(jlliite acids, and is jierlectly impervious to 
gases. Jt may be used to lute cork or rubber 
st<q)[ierK, to cover rubber tubing, to w'aterproof 
labels. iVe.. but it should not be subjected to a 
temperature above 150'’('. 

A lute aequinng a hardne.s.s equal to that of 
inarbk*, and known as oxiichloridc oj itnc cemeni 
(Sorel's eeiiient), is piepared by dis.sohing 2 p.c. 
of borax in a solution of zine elKoride ol 
sp gr. with aiidition of sufficient recently ignited 
zme nxidc to produce the ]>roj)er consistency. 

Maijm.sia cement is jirejiarcd by making a 
Jiaste of jiowdered magnesite and 10-20 p.c. 
cone, liydroehlonc acid, forming it into blocks, 
igniting, and linally grinding to powder. With 
wak'F this yields a .strong eement which quickly 
sets hard, but is not absolutely fireproof. 

Jiruyerc'/^ hydradhr, cement is prepared by 
heating to bright redness fo»'3 hours a mixture 
of 3 parts clay and 1 jrart slaked lime, and 
powdering the product. 

A cement employed for closing leaks in 
boilers, &,c., is prepared by mixing (5 parts clay 
and 1 part iron filings to a paste with boiled 
lin.seed oil. 

Iron ccmciiiy for jiermanently closing joints 
I in iron, consists of ,a mixture of 100 parts iron 
I filings, 3-20 parts flowers of sulphur, and 3-6 
parts a>nmoinuni chloride, mixed with water to 
a paste and applied quickly. The larger pro¬ 
portion of sulphur is required when the iron 
filings are fine. The mixture soon becomes hot, 
with oviilution of ammonia and sulphuretted 
hydrogen, and in a short time becomes almost 
i as hard as iron. It is stated that the best iron 
lute eonsi.-Jts of a mixture of 100 parts iron 
filings with only 1 or 2 parts of sal ammoniac 
and no sulphur. This lute, however, though 
stronger, requires a considerable time to set. 

For coating earthenwa>re, a paste is applied 
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consisting of a mixture of equal parts of zinc 
white and fine sand, made into a paste with a 
concentrated solution of zinc chloride. Wilhs' 
lute for the same purpose coiLsists of a paste 
inade with slaked lime and a solution of 2 02 . 
borax in 1 pint water. It is applied with a 
brush, and when dry is covered with a plastic 
mixture of slaked lime and linseed oil and is 
ready for use after a few days. 

Among lutes for resisting liigh tejnjiorature.s 
may he rnentioiu'd Stourbridge clay made into a 
paste with watei-, wlueli wilhstands a liigher 
teinperaturo tlian any other lute in general use. 
and \Vuid-'«)r hum, a ii.itmai mixlure of eliiy 
and sand. Bolli are us<‘d foi- coating vessels 
and for jnickmg hot joints ot metal \e.ssels. 
With the addition of about one-tenlli juiit ol 
borax tlicse clays are usidiil for glazing eaillien- 
ware \tss<'Is. F.,eaks and fractmes in furnace 
liiungH, Ac., may Ix' stopped with ifaii.i.'-h 1 ^ a 
liiglily silieious fireclay. 

(ia'J retorts and similar \('sseis i losed tem- 
jioranly to withstaml lugh (<‘in|)eratnres are 
usually merely luted with mortal'. 

h'or lilting iiutibles, a jiaste ot liieilay and 
powdeieil fjieliriek i'- iisciul, pieh-rablv with 
mJdition of a stmill proportion of b<iia\ to lender 
the ltit(‘ I olieient’. 

A most vaJuahle mixture foi lepan mg liroken 
furnaces, A’c., (oiisisls of a pastt' of liri-hnek 
and liijmd sodium siia.ife. K\eu (onsiderable 
openings, if roughly filled vvifli bioken fhebrieks. 
may la sealed with this lute. , 

A fireproof cement foi reiianing retorts, ^e., 
is imulo by taking 200 cwt. clima day, JOO 
cwt. liarvti's, 4(1 gall, sodium silicate (JOO Tw.), 


ergot, are the only known alkaloids in Crypto¬ 
gams. (t. B 

LYCORINE OgjHjgOgN.^ occurs in tlie bulbs 

of Lyvorin radxuki (—.Venne and forms 

large crystals, m.p. 250® (Moriehinia, Arch. exp. 
Path, Pharm. 185)7, 40, 221) It has an emetic 
action. The bulbs contain a second ciwstaUine 
! alkaloid i*fki-<(iinnc Cg^Hj^OjNn. (j. B- 

LYDDITE r. Kxpuisives. 

I LYDIAN STONE or LYDITE {Uipis Ufdtvs, 
of Pliny, from Lydia, in Asia Minor). A black, 

I iasj)ideous or elierty variety of quartz, which 
from its hurdne.ss and tlie closenc.ss of its gram 
\ fias been usial as a touchstone fur testing the 
[ (jualilv of gold, wlieiu'c its name Ix^^iu/ik. Tlio 
' metal to be tested is ru)>bcd on tlie poTislicd sur- 
i face of the stone, and tlu' streak thus piaiduced 
i i.s coaipured with tlie sticaks made by a series of 
! alloys of known composition; tlu' obsc^er 
' judging (If the purity of tlie metal by tlic colour 
of th(' mark and by its b<‘haviour wficii treated 
' witli a drop of acid, f.yditi' is also used as a 
hone-stoiKx .Most Lydian stone lias a schistiiso 
striictui'e, and may b(“ descrilxal as a honistone- 
slate, or 'I'he Lydian stone of 

Devon and east Coinwall is a line-gramed, in- 
diiraU'd. earbonaecous shale, Ix'longing to tlio 
(’nlm-mcasiires. In h'lfeshiK* it m rejircseutod 
I by blocks of baked shale in the vents of uneieut 
j V(»lcanocH. L. >J. S. 

I LYDIN. A synonym for mauve or anilino 
purjiie. 

I LYGOSIN. 'i'rade name lor di-hydroxydi- 
• benzalacctonc. 

I LYSETOL. Trade name lor the tartrate of 
. of (limetliylpi})erazinc 


21 gall, watci', and 28 llis. Iiorax, mixing well I 
atui adding magnesite to the extent ol 2.7 p.e. i 
of the mixture (Wilhams, Kng. Ikit. I80<)4, , 
I5)0:i). . ; 

A lining for furnaces and eriieililcs may be i 
made from 4 parts gianulai <'orundum, giound j 
to a tine jiowdor, mixed w'lth I part powfiered i 
graphite and made into a paste witli 10 ]>e. of i 
sodium silhaie ((‘rowley and Payne, Lng. J^at. i 
81527, MXM,; r. also Kilburii Scott. ,1. Sue. (Item. ' 
Ind. l‘.»0r), .701). ; 

Cor other recij^ie.s wr Sadtler, Cliem. News, 1 
191H, 113, 257 ; Analyst. 15)1(5, 2(52. 1 

LUflDINES, LUTiDlNIt ACID >. Bone-oil. , 
LYCACONlTINff e. Aconitine. I 

LYCETOL. AVe Lysetoi. 

LYCIN (Acidol). 'kradc name for beiaine 
hydrochloride. 

LYCOPERDON GEMMATUM. According to 
Kotakc and Naito (Zcitsch. physiol. Chcin. 15)14, 
90, 2.74) the fungus Lyroperdon (jnnmatnm on 
extraction with alcohol gives a crystalline brown ; 
dyestuff. 'I’his is a glucosuie, and when hydro- ^ 
lysed give.s dextro.se and (' 17 H 13 O 7 , 

brown needles. .Fusion with alRali gives ^-hydro- 
xyphf’nylac^tic acid, and when oxidised with 
hydrogen peroxide honimjcnthic anhydride, is 
produced. 

LYCOPODINE, (‘ 32 H 62 O 5 N,, m.p. 114^-115®, 
is a crystalhne alkahiid of hittm ta.ste, occurring 
in lyicopodium complaualum (Boedok<“r, Annalcn, 
1881, 208, 303). Jn Lycopodnim AVr«rur«>? of 
tropical H. America tliere occurs pilUjanive 
crystals m.p. 64®-05°, with an odour 
of coaine (Arata and Canzoneri, Gazz. 1892, 
22, 1 , 146). These two alkaloids, with those in 


/Ml.—(*U-(Tlg 

NIL' ■ >N11 

Tig—(Ml- Cllg 

used as a uric acid solvent. 

LYSIDIN. J'lthylenc-ethenyl-diamino 

. I 

Clf, Nil 

Bropared by heating sodium acetate and 
(‘thylcno duimme hydrochloride. Used as a 
unc acid solvent. 

LYSINE NllsifMlol^CHiNHjlCOgH, a€- 

dianunoh’xuic acid, was discovered by Dreschel 
(J. pr. (liom. 1885), fii.) 2^, 425; see, also, 
van Slyke, J. Kiok ('hem. 15)13-14, 1(5, 531 ; 
and Bunk and McLeod, Biochem. .J. 1914, 8 ,» 
109) among the products of hydrolysis of casein 
by hydrochloric acid and stannous chloride ; it 
is produced by the hydrolysis of otlyT proteins, 
eonglutin, egg albumen, fibrin (Siegfried, Per. 
1891, 24, 418), and gelatin (Ernst Fiseher, Arch. 
Aiiat. u. Physiol. 185)1, 2(5.7; O.sborne and 
Leaveiisworth, J. Biol. Clieq^. 1913, 14, 481 ; 
cf. van Slyke and Birchard, ihd. 1914, 1(5, 539); 
it occurs m antijieiftonc prepared from fibrin 
(Kulscher, Zcitsch. jihysio). (3ieni. 1898, 26, 
19.7); together with arginine it hjrnis the chief 
lu'oduct of hyilrolysis of the protamines sturine, 
/J-oypnnine, and ercinjpibnne (Koswd, Zeitsch. 
p]i^'.siol. Fhem. 1899, 2(>, 588; 15)04, 40, 665; 
1910, (59, 138 ; it .ilso oceuii-. among the hydro¬ 
lytic jiroduets of the jiroteiiis of the seeds of 
various conifers, and the seedlings of Lupintte 
luiem (Linn.) (Schulze and Winterstein, Zeitsoh. 
physiol. Chem. 1899, 28, 469, 466; 1901, 33, 
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547), and has >)cen fouiifl in Hhiohara, Suzuki 
Yoneyama (J. ('ol. Agnc*.'I'okyo, 1912, 5, 3H), 
and in fungi (Reed, J. BioJ. (’hem. 1014, 19, 
257 ); Omciiansky unci Siober (ZeitHch. pliyHiol. 
Chcm. 1013, 88, 445). 

Dresehel {(.'hem. Zentr. 1801, ii. 712) Hhowcd 
that lysino in a diaminocajirojc acid, and Ellinger 
(Bcr. 1890, 32, 3.542) proved that the (wo ainino 
groups are in the ac- poHitions, hecnuHC on 
decomposition by jmlrcfaction in an atmosphere 
of hydrogen, lysine is partially converted into 
cadavcrine (pentamc-thylenodiamiiie) 
NH2[(’H,L('J1(NH..)('(),II 

CO, I Nil ,|CH,!jNHo 
(•/. Ackorlnann (Zrit.sch. pliVMol. Cjiem. 1010, 
()0. 273). 'J’he Ryntlie.sis of olyMiic lias Ix'cn 
effected liy h'i.scher and W'cigcrl (Sit/iingsbei. K. 
Akad. WisM. Berlin, 1902. 270) lioin cthvi y-evn 
iuf|)ropyhYialoiuilc : when this ^•o^BJJ(^^lnd is 
trcat(‘d with <*thyl nitrite it gives ethyl aoMiiniio 
8-eyanovalerate CNiCHJiCtXOfDt '0,Kt, uhieh 
on rcrluetioii with sodium in aleoholu .solution, 
yielda at-diamjnohexou- acid or /-ly.'iine 
N'l2(<'iIJ.i<'H(NJI.,)CO Jl, 


platinoehloride. Siegfried (Zeitsch. physiol. 
Chcm. 1012, 70, 234); the airrirhloride 

Ci,H2«U^NpHCl-3HAuCL,21fi.(> 

.sinters at 120" and melts at 1.52''-1.55® ; i-hjiyinc 
aunriilondo ( \ 2 !! 28C4N4*4HAu(‘l 4 ,HgO deeoni' 
poses at 173'^-I7<C {Siegfried, Zeitseh. physiol. 
Chcm. lOOf), 43, 303; Aekermann, dud. 1908, 
50. .305); the fiicKilc nOoNgd’flHgNjit)? is 
sparingly boluhie Jii alcohol {Jxossel, Zcitsc-h. 
physiol CIkmu. 1899. 2(), 58(>). and advantage is 
taken of this fact in tlic (piantitative separation 
of lysine from argminc and histidine (Ko.ssel 
and Kntselier, ilnd. 1900, 31, Kossel and 

Weiss, ihi({. IttUh <)8. Km; Schreiner and 
Shori'y, .). Ibol CIkum. 1910, 8. 381) Lysine 
phospliotiingstat-e ervstallises in anhydrous 
needles, Krummond {Bioehen. .1. 1918, i2, .5); 
■s<<' W'cchsler, Zeitseli. physiol, (‘hem. 1911, 73, 
l.'iH, for the soluhility of the phosphotiingstato 
prc'cipitate in a mixture of aeetoiM' and water. 

Lysine n-adily yields an additne product 
with iihenyl /'.(h yanate , tins rioes not erysialiise 
well, hut on 1 realment with eoneeriirated hydio- 
ehlone acid is (on\eited into the hydfiiiloin 


this IS isola(,<-d liy siieecssn e I lansfurmatioii into 
the ])hospho(uugstate and |uerate ; tlie jnciiili 
forms thick needles that darken at 230'; tin; 
fn/dr<>rhhrid( iseiy.stalhneand inelts.it 183 ' 18(i‘ 
{eorr.); tin* phi n.i/l- i(?hnind( foims eoloinlixss 
neeille.s, m.]i. 182 -185' (eorr); tliese derna- 
tives differ from the corresponding dc'nvatives 
of the naturally oeeurring f/-l\.sine in In'iiig 
o])tieaIly inactive and luwing slightly ililIcrtiiL 
melting-points. A further synthesis of i-hsme 
from ethyl eyanopropylphthaliminomaloiiate is 
descrihed hy Son-iiseii (Cheiii. Zentr 1903. n. 
33) ; when this eompoumi is lediiced with 
sodium in alcoholic soIuIkui il yields the corre- 
sponTfing amino eomjmuml 

: (CO),. N-C(C().Ei).!C|| 

which is transformed hy the action of eoneen- 
traied hy'drochknie acid into 1 ae-dianunohexoie 
acid (i-lysine) 

i-Lysine can also he oltlameil liy a .synthetic 
jiroocss from piperidine (.lulius \i»n Brnun. Her. 
1909. 42, 839). The <ipening of the jiifiendine 
ring by jihospliorus pentaclilondi' affoiiks 
RUiong other products, lien/.oyl-f-loucineintnle 
(’OBh'NH[('H 2 |gCf.’. which eoiitains thc skelc- 
^,ton of lysine, and yiekls on hydrolysis i-henzoyl- 
ammohexoic acid COBh NH[CH 2 l 5 C(),,H ; this 
on hromination forms tiie a-hiomo dernatne 
(3)Ph'NH|CH2|4(_'IIRi"Ct>,H, wh.cli reaeta with 
ammonia R/ give a-ainino-e-l-ienzoylaminohexoic 
acid amrNH|(’li.,|,CH(NH,)(’(g], from 
which i-Iysine is ('btaincd l\v hydrijly.sis. 

Derivatives. Snlf'i. -/M.ys'nie is a syrup 
(Wintenstein, Zoifsih. jiliysiol. ('hem 1905, 45, 
77), it has |al,,-rl7-5' yi hydrochloric acid 
Rolution (fjawrolT. ifnd. 1899, 28, 388), and 
forms well-dctined crystalline .salts and (louble 
salts ; the moitolufdrochhndr is strongly acid, the 
ddiifdrochlondf is a neural sulistance (J)reschel. 
Arch. Physiol. 1891, 248); the ‘jdntniichlnjfAdc 

j'fLBtt’lg.EiOH erystallise.s with 1 
inoleeule of aleohol which I't loses at 120^'; 
t-ly.s*iwc plah'itiihhndf has the composition 
C«H.,,OjN 2 ’H 2 pt(.’I,, it crystallises in prisma of 
a paler yellow colour than those of active lysine 


\ll-(‘o 

NllJ*hC()Nll[('H.|,,('l|/ 1 , which is 

'('()• Nidi 

erystallme and meIt.-> at 183"-184" (Jleizog, 
Zeitsi'h. jiliysiul. Clicni. 1992. 34, 525), the 
eorrespomiuig <!cii\ati\e of /-lysine has iu.|i. 
15l>‘^ (\(Ui Biaiiti. Bcr 1909, 42, 839). 

, Lp'oinr (KkI, the dilien/.i'X 1 deinutixe of 
lysine, has 111.p. 144 l l.V; the nr/zf 5»/////m'•u// 

2{(‘4ll,Ji7.2N,(t,),((VHnH7.,N.,(»2),Ba.2H.,0 

(Ty.stalhses in lieaiitiful iie('dl''s. ni.p. 144''-148'^, 
at whieii t<‘m])era(ure it Itecoiiu's .\nhvdrous ; 
the vorniiij Inn 1 inn -snlf {('■^|,H._>jN_.(ti)jB‘i.l ’ M.3) 
i.s a white (•rystalhne powdeii, m.j). KiH ; the 
and .'nnhniii nail is wliite and eryst dlnu', rn.p. 
i08'-nI09', and contains 1!,.() ; Uw ik id nhonhim. 
.nail contains 2H_.(», crystallises in ])Iates, and 
has m p. I37"-1.‘{S"; the normal dronfinvi mil 
contains H^O and is crystalline; the siher salt 
, 04 Ag,! {M.gO is white and amorphous 
{hre.scheF, Ber. 'lS9.5, 28, 3189: Willdenow, 
Zeitseh. ])hysiol. ( 'hem. 1898, 25, 523). 

MdhiJ lii/^,roi-liloiide prepared hy the 

ai'tioii oi motliy! aieolud ami,hydrogen elilondo 
on i-lysine liydroehloiido, has m.p. 218° (de- 
cony).'), (/. Kiigelaiid ami Kutscher (Zeitseh. 
KioL 1912,59,415): li/snh nuAydrirfe, obtained 
hy heating the methyl ester at 1(H)", forms the 
picralr (’i,H 2402^'4 prisms 

or plates decomjio.sing at 230® (eorr.), and (he 
hudrochlondi, microseojuu colourlcbs needles 
deeom]>osmg at 270° (eorr.) (Fischer and .Suzuki, 
Sitzungsber. K. Akail. Wiss. Berlin, 1904,1333). 
d- Ip/sj/l-lyntnr dipicnttc 

k 12 H 2B^ 3 ) 2 ^ 

m.]). 238'’'-242° was isolated from the products 
of hydrolysis of |)epsin extract (Hugounenq and 
Morel, ('ompt. rend. 1909, 148, 236) ; i-lysyl- 
/i/.s/ac (\ 2 Hj 80 ,,N 4 forms a yellow crystalline 
pirrnlc, m.p. 185' (eorr.), and a hydrochloride 
crystallising m short twin prisms, m.p. 205® 
(eorr.) (Fischer and Suzuki, Ber. 1905, 38, 4173). 

Lysine yields carbamide when decomposed 
by barium hydroxide (Dreschcl, Ber. 1800, 23, 
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3096); it is oxidised by barium permanganate, ’ the necessity of the presence of a certain pro* 
yielding glutaric acid as the chief product | portion of lysine in order to fonn a nitrogen 
(Zickgraf, Ber. 1902, 35, 3401); and when the ! food suitable for producing satisfactory growth, 
sulphate or Jiydrochloride is treated with barium ' Of. Lewis and Root (J. Biol. Chem. 1020,43, 70). 
or silver nitrite, ae-dihydroxybexoit! .icid, an | however^ Mc(!allum, Simmonds and .Smith 
aniinohydroxyhexojc acid, m.p. 200®-201“, and : (J. Biol. (Iieni. 1017, 28, 483; Abdcrhalden 
a small amount of an alkaline yellow amorphous | (Zcitseh. physiol, ('hem. 1915, 06, 1-147). 
substance CgHjsOnN, m.p 176“-178^, arc pro- j Lysine ])ossessps germicidal properties 
duced (SzydJow.ski, Monatsh. 1906, 27, 821). (Wagner, Zentralblatt F. Baktr. u. Parasit. II, 
Heated with nitrous acid above a temperature Abt. 42, (>I3). M. A. W. 

of .30'’ all the nitrogen is set free from lysine in ten LYSINE. 3’his term is al.so used as a trade 
minutes (Sure and Hart, ,1. Biol. <!hem. 1917, name for a j*rcparalion consisting of an acid 
31, .527). solution of formalin containing inorganic salteand 

Experiments made by Hiiekner, Nollaii and essences, l^seil as an antiseptic and bactericide. 
Kastlc (Amcr ,1. Bliv'^iol. 1015, 39, 162) .supjiort LYSOCHLOR. 'I'rndc name for chloro-m- 
thc view thal lysine is largely n'sponsible for cr(‘so|. * 

the stimulation of growth: O.sborne ami LYSOL. 'I’rade name for a preparation of 
Mendel (J. Biol. Cliein. I‘J1(). 25, 1) point out crude carbolic acid. Tsed as a di.siiifeclant. 
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M ACID. l-anHno-5-na)i!ithol-7-Hulphonic 
acid. 

MACARITE. An e\])losive consisting of a 
mixture of trinitrololuene (liO ]).arts) and lead 
mlrate (76 jiarN) 

MACE. Jh’snipiiun .—Mace is the dried! 

ariliiis or seed coat of tiic nutmeg, the latter 
being the fruit of lyh/risfiai frmjrans (Hoiitl.^ 
(or Mynsti(.(( urc/c/r/cn (Warb,), see. below), 

'I'lie tte<“ IS a native of the Malay Archipelago, 
and is cultivated iii both the East and West 
Indies. 

The fruit (milmeg) is surrounded by four 
coats : a thick pericarp on the outsidi!, tlien llie 
crimson anllus, tjien a thick tegument, and 
linally a thin menniranc closely adherent to tlie 
kermd. 

Many other s])ecjcs of Mifnslica are known in : 
addition to M. JraymuH (Banda or true mace), : 
but only one yic'lds aromatic .seeds, viv.. M, 
arijt idea, wincli furmslii's tlie Papuan or Macassar '■ 
mac«‘. ! 

’J'be chief varieties of mace which appear on ! 
the iintisli market are Peni^g, Singapore, Java, j 
and West Indian, the first being the most higlily I 
esteemed. All tlu'it^ arc derived from Myrifilicu ! 
fragram, but a small quantity of Macassar mace ; 
i.s also imported, and this variety has hitherto ; 
been sold as mace ” witliout any question 
being rai.sed as to its genuinene.ss. As it appears | 
in commerce, mace has a yellow-brown colour, ; 
the lighter the better. The arillus, when un- ! 
broken, is about U inch long and •( inch wide at i 
the base. It is usually flattimed, the tapering 
segments or blades Ixung from ^ to J inch wide. 
Macassar mace is of a dull brown colour aid has 
muoh wider blades. Both varieties have a 
similar aromatic flavour, but that of Macassar: 
mace is distinctly acrid (t». Holmes, I’harm. J. I 
1908, 652). The sole use of maee is as a flavour- 
ing agent and condiment. ' 

(Composition.—The chief constituents of mace ! 
are a volatile oil to which the flavour is mainly 
due, a fixed oil and a carbohydrate, amylo- 
dexlrin, the granules of which are easily visible 
under the microscope and turn red on treatment 


wilb iodine. The following table shows the 
eomiJOsilKui of Banda and Maeu.ssar mace, and 
also of falsi' oi Bombay mace (,>{ee below). 

(from Winlon, (Jgdeii and Mifchell, U.8. Dopt. 
of Agrie., Hul. and (ib, and other sources.) 


Mace (My- f 

ngticit 


Tlher exl.rm t 

-' -^Amylo- 

Volatile Fixed de\- (’rude Nitro* 
Will,IT .tsh oil oil irln fibre gen 
>67 1-02 .-. - 


4 04 21 •20 22 «M) 2-90 O'TS 
. ^ , to lo to to to to U) 

/raffrauj>)\ 12 04 4 10 10 «0 29 08 31 CO 8-90 ri2 
Macassar 1 




niace 


; 


4 18 2‘01 89 C3 G0 J040 4 57 I'M 


IfOmbnv 

imicf 


f ()3J 1 3(> 0-00 50-70 16-20 3-21 081 
-I to to to to to mto 

i 7 04 I 98 0'C7 59-80 8 17 0 79 


More recent analy.ses by J^any (‘ Food and 
Drugs,’ J). 23<>) yielded tlie following figures : 


• 'I'rii.' 

nUK-r 

Total ash . . . 1 87 2 36 

J)o Bolulile m water . I‘08"1’27 

Do. insoluble in 11(3 . O07-(i20 
Fixed etlier i xtracl 25 0 32 .5 
A leoholic extract . 22-0-2.5(1 
Volatile oil . . 4'0-H 0 

FllTC . . . 5-0--9-II 

Nitrogen . 0'7-l*2 • 

Ether extract after ex- 'i 
tructing witli petro-1 2 0 -.3 .5 
leuin ctfier .) 


jMiumsar 

Bombay 

iiiaco 

mace 

]-7-2-08 

r9-2-l 

l-f 1-2.5 

i-o-r2 

(1 6-0 75 

007-0 08 

49 5-.52 0 

68-0-63-0 

38 0 

45-8 

4-0-7-0 

4 0-8-0 

4 0- 8 0 

3 0-8-0 

1-0-1 2 

0-8-0 9 

sinillar Di 

up to 

true inuce 

33-0 


Adulfrmltofi .—Tlie only .sophistication to 
which whole mace is liable is the addition of 
Bombay mace which is derived from MyrMca 
malaburicfi (Lam.). The q^nllus of this species 
is about 2J inches long % J inch wide, and 
the numerous blades are n*rrow and their 
vermiform ends are coiled in a tangled mass 
at the ajK-x. It is oPa deep red-brown colour, 
and almost devoid of aroma. As it is quite 
useless as a flavouring agent, and its price is 
about one-fourth that of ge.numo mace, its 
presence in the latter canaonly serve the purposes 
of ftaud. 

Bombay mace is also the chief adulterant of 
ground mace, but jiotato, arrowroot, the cereal 
starches, turmeric, and ground olive stones may 
possibly be found. 
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3090); it is oxidiwd by bftrium p«rmftngflnfttc^ 
Yielding glutaric acid aa the chief product 
iZickpnif» Hat. 1902, 35, 3401); and y^ht'n the 
Rulphate or hydrochhtride is treated with barium 
or nitrite, a<-di}!vdroxyhexoir aciil, an 

aniiciohv<Jroxyhex{}i<!: arid, iii.]). 200^-201^^, and 
a Kmall amnmit of an alkaline yellow amorphon}; 
suhstanre m.p 17(i‘'-179'', are pm- 

duced (»xydW.>^kl, liKm, 27, 821). 

Ifpalod with nitrtniR acid above a tem[iorature 
of all the nitrogi'ina wet free from lyaim* in ten 
ininuU'A (S^ure nnd Hart-, iliol. ('iiem, 1017, 
31. 527). 

Ei]>erimentH made hv hiK'kiici', Nuliuu aiiii 
K»4tlc (Aincr J. Pliy^inl. 1U|’>, 30, 102) KU|si>nrt 
the view tlial lysme 1‘t |/ii'<?e|y Ti’spnn><ibk' fca 
the silmnlntiim «*f growth : Onburno and 
Mendel (J. l^iol, Chen). MOO. 25, J) poiid oul 


' the necCBaity nf the presence of a certain pro« 
I portion of lysine in order to form a nitrogen 
: food liVitaLle for prududng satisfactory growth. 
‘ 0/. Lewis and Root (J. Ri<jJ. Chem. 1920,43,7flj. 

I h)jwever. Md'allum, ,Simmonds and .Smith 
' (J. Itiol. ('hem. 1917, 28, 483; Abdorhalden 
; (Zeiiseh. physiol. (!he?n. 1915, 9(1, 1-147). 
i Lysine j)o»He.HseH germicidal proporlic® 
(Wagner, Zentralblstt F. Raktr. u. I'arasit. 11, 
Abt. 42, (>13). M. A. W. 

LYSINE. Tlii» term is also u^rd us a trade 
imine for n prcjiaralion vonaiiiling of an acid 
Holuiion offiirmaljiieoiitaining inorganic saitaanil 
essenrr's. ChdI ah jiii AiitiHCptit' nnd bactericide. 
LYSOCHLOR. Trade name for ju'hlorn.fft* 

ITCHul. ' 

LVSOL. 'rmcle name for a preparation of 
uude earb^illc acat. rifl'd as a disinfectant. 
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M ACID. I 7.:*iil|jiuknic 

ackI. 

MACARITE. An 4v\.])l(ihivt (inisi.Htini;; of u 
imxtnn* of triiiiih^tnlui’iir' jinJ It'ad 

iiilniU' (7» parK) 

MACE. ikin‘tii*intu. —Mau- is tlic dried 

<H vmi coat 4if tilt? tln> lattcl 

till? Iriul <kf M^ftshi'u j'ftttjrany 
(or Mtirtufiui urm ttU-ti (Wurli.), sfr. hrJnw). 

'Hie 111**- u T>aliv«' of (III- Malay An-luoria^o, 
arui iH ouUivuU'il iji Uit}i t}ic Kasl. anu ^^'eKt 
iluU4«. 

Tho fruit. (iiutMo-ji) 1^ surrounded Uy four 
voiita : ii tfuck peru-arj] on tin- ouLhiJis then Ihr 
orimson anllus, ^ini a tluck tc^ll]n<■2lt, :i2id 
liiwlJy u tliin uuniiljraiic clovi*iy udlieronl lo tlk* 
konud. ! 

.Many oUmt Kja-rii-ri of Mt/rtitftcfi are kn(iwu m ; 
addition Co if, (Ikiuda or iruu mace], . 

bul only one yicldK aroniafie nrcrlN. vir. if. ' 
m-fjrntfu^ wliic-tt jiiniisfies tlw ragman or MneaHsur 

miuic, 1 

TIm* I'liief varictus of mace wliicli ap|a-ar on i 
the IfritiAli market are >Sinj;apoi'e, Java, ' 

mid Wuat Jiidnin, t he timt hujjip; iho jnost highly 
eatocTUod. Ml tlu^J^ are derived from ilyri.vt.ic(i 
frugrritiA^ bill a wnall quantity of MacuKHar maee 
IS film imparked, and this variety has iiithlrtu 
UiCtt sold Ah '■ maee ” uatJumt any question 
being raised as to its gcnuiiienesH. As it appears 
in ooinineroe, 'tiace has a yellow-brown colourp 
tho lighter tlir botk-r. The arillns, wlien un- ‘ 
broken, ia about lA iuch long and ,{ ini:h wjcIp at' 
the base. It is usuaUy llatk’ned, the taperjng : 
aegmentfi or blados bt-ing from ^ to | inch wide, j 
MocottBax niaue ia of a dull bri^wn erdour viri has j 
much wider bladeH, ihit h variGliiw have a I 
ainiilar aromatic flavour^ but that of Macassar 
mace ia distinctly acrid (v. Holmrs, Johann, J, 
190 s, br>2). The sole use of mace is as a llavnur- 
ing agent and oondimenU 

Cumpon^ton.—The chief conKtituenta of mace 
are a volatile oil to which thu flavour ia mainly | 
dufs a fixed oil and a carbohydratOp amylo- ^ 
dextrin, the grannleH of which are easily visible = 
under the mlcroscopt: and turn red ou treatment 


with joJhic, Tlio followjiig tuhlu shows the 
vc)iii|aMii.io]i ijf Hiinda ami Macassar move, and 
also oi m Ikiiubuy riiocc («rr >>elnw). 

(l-Viuii Wiiiiou„ Ui'dni und Mil chi- 11 , U.K. Dopt. 
oi Agnc., Ilul. LI and liA, and otlior sources.) 

J' iber I'XliUl-t. 


Ainylo* 

volatile yi’crtl t'rudd NItrn- 
Wamr .Ish oil oil trin nhre aefi 
(Jfvf .'Mu I’OJ .J (J4 i}‘2n IkJ li'lW U*7a 
1 . 


Mm 

fi^Ora < tti |o io to to lo t«> 
/niflrtiMi) t 1204 4 JO ItJ Kil till llS 3 l CO 8 -tH) Il 2 

4 IH li’MI .‘j ijy j 3 &0 iiHiJ 4 57 Vt) 
30 irlkl 50 7 U ;r 2 J l> 8 l 

to hi hk to ato 

SOi 0-07 &II WI a 37 i>79 


Muciinsar 
]ikai-[: . / 
]N>ndia> 
lUlH-V 


( 0 3J 1 3C 
i to lo 
WiM I ll^ 


More ret-eiit analysrs by Parry Food and 
lirugH,' ]k, 2!M>) yh'IdeU the following figures : 

* ‘I'fkii^ jM.iciuwar IkiTTihciy 

itiiLii- iiiuct: rasou 

Tolu: anil . . 1^7 2 311 J-7 -2 ftH l 

Jlu HiiJiihli' III W'lihT . J'OH-1'27 ri r25 
ho. in«4>lulili'Jn Jll'i . o 1)7-1) 20 0 0-0 7i> O‘07'4) U() 

j-'lvinl i-Mier I xl.racl 2.'. 0 32 5 40 5-52 I) 0-63*0 
i\]['0||ol|i: I'XtrurL . 22-l>-2r> IJ 380 45 8 

Vuialilcoii 4'l)-« 0 4’O-T’O 4 n-8-a 

latkJrc . u'U U‘0 4 0 80 3 0-80 

Mlrom'ii U*7-r2 a I'O-I 3 D'a-0 0 

thittlMI \.H)i IlKri,- 2 (I a ^ 

Itmii litliur J true matt 33 U 

ylr/alirrrdom.-'I'lic Only isojiluidlcatitin to 
which whole mace is liable is the Midi! ion uf 
Horn bay moco w'hich is dcrivi-d from Ntjriiftieu 
ititilfiimrita (Lam,). The griJIiLn of this speoien 
is about inc1u‘H Jung by j inch wide, and 
ike numcri>uH blodeM arc- nft-row and ihdr 
vermiform ends an: roiled in a tangled mass 
at the ais-x, It m of a deep red-brown colour, 
and idmoKt devoul of aroma. Ah it in quite 
useicHs as a flavouring agent, and it.N jjrice is 
about. nneduurtJi that of g<inumo mace, its 
piT'senoc 111 the latUT cai*only nerve tliu purpoeee 
of ftaud. 

Ikimbay mace is also Llio vldef adulterant of 
ground mace, but jmtuto, arrowroot, the cereal 
Ktarohes turmeric, and ground olive Htunes may 
poMBibly be found. 
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Detection of adulteftition .—^The presence of 
any of the alJove adulterants is best detected 
by means of the mieroscopo. Banda and Mooag- 
-sar mace arc practically inrhstingniRhablc from 
one another, but the presence of Bombay mace 
is at once revealed l>y the appearance of the dark 
orange-coloured oil cells, the contenls of which 
when treated with alkali nssiinio a blood-red tint. 
The oil colls in Banda and Vapua maec arc 
fewer in number, of a light yellow colour, and 
alter only slightly in u}ipearanoo wlicn treated 
with alkali. A further eharactenstic, which 
however can onlj' be seen in transverse sections, 
is that the epidermal c-ells in liomhay mafc are 
radially ^lo^gated wlulst in the case of the otlier 
two varieties the elongalum is tangential. 

Chemical tests for tlie prcHcnee of Bom hay 
mace are also available (/Scliiieider, J. Bharniacd]. 
4, 57; Ilofelnmnn, BJmrm. Zei(. J28; 

Kiisse, Zeilseh. Nalir. u. (lenussin. o'lP). 

For the estimation <d Ihnnhay niaec in llie 
presence ol Banda niaee, ])ro\ide<l tliat Macassai 
mace he absent, the delennination of (lie fixed 
ether iixtract will afford a fair basis lor eaJcuJa- 
tion. iSoltsien (Z<“il,seli. olTentl. Chem. 25^1) 
1‘eeoinmends a preJiniinary extraction with 
light petroleum, the extract thus obtained 
being tea times greater from Bombay tlian from 
I^anda mace, and Barry (see above table) con- 
linns tins. 

The information thus obtained should IV- 
BUjtplemonted by comparison, un<lcr the imcio- 
Rcope, of tlie sample witli a mixture of Ihirula 
and Bombay maces in the projiorlioiis indicalcil. 
If there is a great iliscrejiancy in the number of 
tho charaeteristie orange-coloured oil cells the 
presence of Macassar inaee may be susjiected. 
The following ti'st lor this variety may also he 
apjilied ((tnela'l, Zeitsch. Nalir. (Tcnussm. 15Kil>, 

202)i€— 

Shake up 0-1 gram of the sample with 10 v.c. 
of light petroleum for 1 minute, idler and mix 
2 c.c. of the filtrate with 2 (“.e. of glacial acefii! 
acid, and acid concentrated suljthunc acid so 
as to form a layer under the acetic acid Ht>lution. 
In the presence of not less than about 20 ji.e. of 
Macassar nineo a ivd ring forms at the junction 
of the two layers, within two miiiutes. Banda 
mace similarly treated yields only a yellow ring 
within the .same period, whilst Bombay mace 
produces no colour at all. (.'om)»arison experi¬ 
ments with saiujJles of know'ii authenticity 
o shouhl always be made. 

Further confirmation of the presence of 
Bombay mace may be olifained by (‘stiinating 
the essential oil, preferably by ('ripps' process 
(Analyst, lOOO, 510). w'hicb consists in deter¬ 
mining the moisture by heating the spice with 
calcium carbide, calculating the water from the 
acetylene involved, and deducting the figure* 
thus obtained from the total loss on heating in 
a current of air to tlie difference being 

taken as representing the essential oil. The 
figures he obtained were as follows :— 

Essential oil 

Whole mace . . o • - b-1 -10*80 p.c. 

Ground mace, unknown origin . 2*8f)~ 7*15 „ 
Bombay maee ... 0- 0*07 

The characters of tlie fixed oil may also bo of 
use. These are shown in the following table 
(Spaeth, ibid, 1805, 200):— 


Results of Examination of the Fixed Oil 
OF Mace. 

Meltinc Snponifleation Iodine lletractloii Melssl 
point miinber numbiT indft.x number 

macf ufi 0*'. 14 1-4 2 

Maciis-J to ildlil) 17.5 07r)(V-8(r8 1*48-1 187{ 

KliF I — 

iniiccj 

Belli- 1 srii"! 

bay J. to 189 4-191*4 r>0*4-r)3T) T4G.8 1*0-V1 

mai-o 1 3! 

Stuvdards .—Tho sfaiidard fixed by Ihc 
United States Department ot Agriculture is as 
follows: Mace sliould contain not less than 20 
nor more' than 30 p.c. of lixed ether extract; not 
more tlian 3 p c. of Udal ash ; not more than 
0*.5p.c. of ash insolulde m h,ydi oe]iJorje acid : and 
not more than 10 j).c of fibre. 

Mctiili (Bulletin No. 430, (’anadian Inland 
Reveniu- l)epartment) suggests (he following: 
Ash not to ( xceed 3 j) e. ; asli iiisolublo in hydro- 
(dilonc acid not to exceed 0*5 ji.c.; crude fibre 
not to exceed 7 p.c.; ether extract after previous 
extract ion with jietroleum ether not t o exceed 
5 ]).c. ; (“Iher extract plii-i i»etrolcum ether 
extract not to <‘xeeed 33 p.c. J^oth tlie U.8. 
Dept. ol Agriculture and tlic Canadian Inland 
Revenue Dci>t define true mace as being the 
Arillus of Mi/ri.'-tim 

iSoltsien (Xeitsch. otfenfl. (1ieni. 3, 253) 
suggests that Ihe etli(T eslrnel nfliT removal ot 
the fat by hgltt jx-lroleuin should never exceed 
5 5 ]).c. C. H. C. 

MACE OIL r. ()iL.s, KsHKN'rrAo. 

MACKENSITE ). TnumNiaTE. 

MACKINTOSHITE. Silicate of thorium, 
uranium, <Xc.. perhaps (T)^-3n'hO_.‘3iSi()^,3HjO, 
(iryslallised in the tetragonal system in forms 
resembling zircon and thorite It contains 
Tht)_ 45. UO^ 22, BbO 4 ji.c,, together with 
small amounts of lanthauunu yttrium, iron, 
alkalis, &C. The water is" probably due to 
alteratum, and tlic original mineral jirobably had 
the -composition (Th.Uf^SijOj^; by further 
alteration it gives rise to thorogummite. The 
jirismatic crystals and nodular masses are black 
and ojiaque witli a dull jutchy lustre. Sp.gr. 
5*43; H. 51. The. mineial is gelatinised by sub 
jdmne acid, and is readily soluble m a mixture 
of sulphuric and nitric acids. It is found 
aH.soemted with ga(?)hnite and other rare-earth 
minerals m ix'gmatite at Barringer Hill near 
Bluffton in Llano Co., Texas. L. J. S. 

MACLURIN. This substance occurs, together 
with morin, in tlu' wood of tho tropical tree 
Chlorophorii linctona (Gaudieh), which comes 
into commer(!e as ‘ Did Fustic.’ 

Tlie colouring matters ot old fustic were first 
investigated by Chevreiil (‘Leyons de chimie 
appliquee it la teinturo,’ ii. 150), who described 
two substances, one sparingly soluble in water, 
called morin, lind a second somewhat more 
readily soluble, Wagner (Jour. f. pr. Chemie, 
(1), 51, 81) termed the latter moritannic acid, 
and considered tliat it had tho same percentage 
composition as morin. Hlasiwetz and Pfaundler 
(Annalon, 127, 351), on the other hand, found 
that tlie so-called moritannic acid was not an 
acid, and as moreover its composition and 
properties were quite distinct from those of 
morin, they gave it the name ‘ Maclurin.’ 

When morin is precipitated from a hot 
aqueous extract of old fustic by means of lead 
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acetate the solution contains tnaclurin. After 
removal of lead in the usual manner, the liquid 
is partially evaporated and extracted with ethyl 
acetate, whi<‘h dissolves the colouring matter. 
The crude product is crystallised from hot water 
or dilute acetic acid (Perkin and Cope, Chem. 
Soc. 1’rana. 181)/>, 07, 04:i). A crude maclurin is 
also obtained during the preparation of fustic 
extract, partly in the form of its calcium salt, 
and this product may I>c purified w'llh dilute 
hydrochloric acid and crj^stanihcd from water. 
In order to decolorise the crystals, acetic acid ' 
is added to a hot aqueous solution and a little 
lead acetate in such quantity that no prccipitab* 
is fonned, and thi' solution is tlien treated with 
siilphurellod hydrogen. The clear liquid thus 
obtained is much less strongly coloured, and after 
repeating the ojieration two or three times, the 
maclurin. which crystallises out on standing, 
possesses only a pale yellow tint. 

Marlurtn, to which tlic composition f'nII]of>c 
was assigned by Hlasjwefz and J'faundler 
(Jahresher. lSt»4, consists, when ])ur('. of 
almost colourless needle.s, which oontaui one 
molecule of water of crystaihsation; lh<‘ 
anhydrous coinp<iiind nu'lts at (Wagner, 

Jahresber. IR.oO, a25<). The colouring matter is 
Bomew’hat soluble in boiling water, is soluhle in 
aqueous alkalis, forming ])alo yellow solutions, 
W'hilst, with feme ctilurule its jiqueous solutions 
give a greciiish-bkiek coloration, anri with 
aqueous lead acetate n yiOlow jin'cijutate, which 
is soluble in acetic acid. VVhen boiled with 
potassium hydroxide macliiiin yields ])hloro* 
glncmol and jirotocati'chuic acid. 

Pe7i(nbrnzo7/l-maclurw (^3! 1500(0711^0)5, 
which melts at- l.').')'^-15t)'^C^, was prepared bv 
Konig and v. Kostanecki (Per. 1804, 27. 100(*), 
and fribrom-vHiclimti Oj^lLPrjOn'H^O, colour¬ 
less needles, by Bonedikt. 

Marhiriv-pcnl(wi<’tb[/l-fthn (',.iirf,0{<>(’H3)5. 
forms colourless leallets whicli melt at l.')7'^0. 

Konig and v. Kostanecki first ass]gn(<1 to 
maciunn the constitution ot a pnila-hydrosi/- 
bmzophevovc: 

OH OJi 

I 


When maolurin pentamethyl ether is digested 
with alcoholic potash and zinc^dust, kuco- 
m/iclurin-pfnimneihyl cth^r (v. Kostanecki and 
kampe, Ber. 100(>, 111), 4014) is produw^d, ]>ris- 
tnntic needles, 


OCH3 

A 


('H(OH) 


CHA)- 


■\/ 


-(H’H, 




m.p. lOO'^- and this on further reduction 

^ivQnpcvta-ififth<>xii-diph( ni/l mrthtmCtm.p. 107°- 
lUH'^C. On lh(' other hand, if Icucomaclurin- 
pentamethyl ether is oxidised m ^a^jetie acid 
solution, t'craliic avid and dimpUioxy-benzo- 
quinoiu are fornusl. 

A'laclurin itself has been synthesised by 
Hooseh (Sr Zarzeeki (Per 1 !)17,oO,*4(52). Pro^i- 
cateehuoiittnie is cond<*n8e(l with phlorogluoinol 
in the prc.sencir of anliydrous ZnOlj, and n 
stream of hydrogen chloride. I'lie ketone-imide 
hydrochloiide thus obtained on hydrolysis with 
lioiling water yields maclurin. 

By treatment of mnelunn with acetic anhy¬ 
dride and sodium acetate, ('lamician and Silber 
(Per. 27, 1(>28, and 28, lllDIt) obtained a crystal¬ 
line product which lias the eomjiosition of a 
{xmta-aeetyl-maelunn less one molecule of water, 
VIZ. and to this compound tho follow¬ 

ing conslilulional formula lias been ascribed, 
one of the aciclyl groups liaving undergone 
condensation w'ltli tho )>r(>duction of a couma- 
rin derivative, tvIrit-avvtyUtPlraliydroxy-plienyh 
coumariv :— 


(fH.C'O-O 




(i\ 


\(: 


''C=-0 

I 

,,(■—11 OCOCH, 


{•H,(;o(i 


no—(1 


This is supported by the synthesis by W. H. 
Perkin and Robinson (Chem. Soc. Proc. IfHKif 22. 
305), and somewhat later by v. Kostanecki and 
Tambor (Per, 1900,39, 4022), of maclurin jienta- 
methyl ether, by the interaction of voratic acid 
and phloroglucinol frimethyl ether in the 
presence of aluminium chloride. The reaction 
may be reprcisented tbu.s : , 

' OCH, 


CH. 


,0-ri. 


HOOC—OCH, 


( 0’(;o(;h, 

Pfilvnt Fushn .—Under the name ' patent 
fustin ’ ii»enlouririg matter has been placed on 
the market, which consists chiefly of diazo- 
: benzcnc-maclurin (('. 8. Jhxlford, J887; Kng. 
j Pat. 12007). 'J’o pnqiaro this substance, old 
I fu.stui is (^xtractisl with boiling water, the 
i solution is decanted from the jirecipitate of 
monn and its calcium salt which separates on 
cooling, and is neutralised i^ith the necessary 
quantity of sodium carbonate. Diazobenzeno 
sulphate is tlien added until a precipitate no 
longer forms, and this is collected and washed 
with water. Jt is sold in the form of a paste, 
and dy<‘S chrome morflanlod wool »yn orange- 
brown shade. 

Ihazobviizeru'-inadurin (Bedford and Perkin, 
Cliem. Soc. Trans. 1895, 07, tl33; ibid. 1897, 
71, 180), w'hicli crystaliisc.^*^ in salmon-red 

prismatic needles, m.p. 270°(’. (decorap.), has 
the following constitution :— 


!—och; 


\/ 

OCH. 


-OCH, 


OH 

I 


CH.O- 


\, 




- -co- 

-OCH, 




J _/\ 

I 

C.H.-N=N 


CO—OH 
I—OH I J— OH 


Maclurin-pentenjethyl-ether. 


It dye.s wool and silk direct from a weakly 
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acid bath, in shades of orange, and on mordanls 
gives colours varying from orange-red on 
aluminium and orango-brown on chromium, to 
olive on iron. Tlu> dyeings are fairly fast to 
washing. 

With acetic anhydride it yields a iri-aedyh 
derivaliw only 

orange red needles, m.p. 240^ 24:r’(\ (deeoinp.), 
which ih m keeping with the fact that azok'n/.o). ' 
phloroghicinol yields only a mono-acetyl de¬ 
rivative when treated in like manner. I 

l)i.s-azo eompounds of maclunn have also I 
k-en prepared by coupling it witli diazotised ■ 
O' or yj-toluidine, yj-nitroinline, or snljiliamln > 
acid, anj tlie rc“sulting compounds closely ! 
ri'scmblc tne above <h'seiik*d ih.sazobenzcne- ! 
maclurin, 

Dtjdtuj Froiu.rttcs of Wiili i 

aluminium mor<lant iiiai lunn gives a pale yellow, j 
wu-ii chromium a yellow-green, and nth*non a 
weak grey colour may be obtained 

A. a. I'. 

MADDER. Maddens the ground root of liie 
Ruhia timforimn (Linn.), whieli lias heen eulti- 
vated for dyeing jiurposes from a reiiioU' 
antiquity, .so remote imleed tiial. oiii' is unable 
to .say with certainty in which countries it 
originated. It is known to have been enijiloyial 
by the ancient Egyptians, Persians, and Indians, 
probably by the last in the lirst instance, and | 
more recently by the aiK'ient (irreeks and j 
Romans. About the time of the Crusades the . 
cultivation of madder was introduepd intr> Italy ; 
and probably also into Fiance. 'J’lic Moors | 
cultivated it in Spam, and during the sixteenth ■ 
century it was brought to Holland, (’olbertj 
introduced it into Avignon in IIKII), Frantzen ■ 
into Al.sace in I72!h but only towards 17tH)-17}Ht j 
did it become inifiortant. During the wars of | 
lhe.Jtei)ublic, its eultivation was largely aban- i 
doned, and only after I HI 5 did this again become i 
regular. ! 

Owing to tiie beauty and fastness of the 
lints it yields, and the range in eolour that can 
be produced from it by a variation in the 
mordant, it was considered until recently as 
jM'rhaps the most important of all dyestiitfs. 
Although its eoinmereial value has been greatly 
reduced tlirough tlie introduction of artificial 
alizarin, it lias still considerable scientific 
interest. 

The plant is arf herbaceous jK'renniai belong¬ 
ing to the natural family of the RiLhiacco', and 
its valuable portion is entirely the root, which 
18 usually of con.siderablo length but does not 
exceed an ordinary slate pencil in thickness. 
Old roots Kre richer in eolour than young ones, 
and the plant is consequently left m the soil for 
at least 18 and sometimes for 28 months. When 
removed it is ^usually washed with water, 
allowed to diy ‘in the sun or artitieially by 
means of kilns, then fino^v ground and packed 
ill casks. In certain districts it was .stored in i 
pits for several months before grinding, whereby ; 
its tinctorial iK>wer was said to be greatly i 
enhanced ; but thi^se and other ndinements of 
its ])rcparation are now of so little importance 
as to be hardly worthy of mention. The Voot 
in many countries bears the name ‘ alizari ’ or 
' lizari,’ whence we have the name ‘ alizarin.’ 
Madder was principally cultivated in Holland, 
France, and Turkey, and to a less extent in 


I Belgium, Italy, and Germany, and North and 
South America, but the small quantity which 
enters this country is principally obtained from 
Holland. Perhaps no substance was submitted 
to .so much examination by the older chemists as 
madder, and in many of tlie earlier works on 
ilyeing much space is occupied by a description 
of these re.seari’hes. 

' The isolation of the most important colouring 
I matters of madder, alizarin, and purpurin 
j oecurreil as far baik as 182tj and 1828, and 
was due to the eliemisls llohiquet and Colin; 
but it IS doubtful whether they were successful 
in ohlniiimg thi'se substances in n state of 
chemical purity. Uv many of the earlier workers 
it was eonsidered that, thesi* ^•o]ou^lng matters 
did not exist as such in madder, but were 
)iresent in combination uith sugar or some other 
substance. About JH2II Ktililmatin extracted a 
bitter-sweet yellow amorphous compound from 
life root an<l named it xanthin, and a similar 
yellow substance was also isolated by liimge 
and Walt. In 1848 Iliggm observed that if a 
cold aqueous .solution ot madder, which has a 
<lee]) yellow colour ainl an intensely bitter 
taste, was allowed to stand for some time or 
was healed to fit)'’, it lost the.se eharaeleristic.s, 
and a gelatinous lloccuient ]ueeipitate was 
formed in whieli all tlie tinetonul jiower of the 
original infusion lesideil, lliggin eonsidered, 
therefore, tliat the xanthin ol mad<ler must, 
duimg this process, have Ix'en (‘Oinerted into 
alizarin, ami that tlie cliange was probably 
brought about by the action of .some ferment 
contained iii tlie madder, and extracted along 
with tlu‘ xanthin l)y cold waPT. Somewhat 
later (IHol) Sehunck isolated from madder a 
.siibstanee winch he called rubian, as a dark 
brounis!]-ycl]<(W transparent, amorphous liard 
mass, which by hydrolysis with aenls or by'^ the 
action of the special nuuhlcr.teiimmt, wlindi he 
termed ‘ erytlirozym,’ was eonveited inlo 
gliicp.se, alizaiin, and other sobstuiiees. 

'I’he iK'xt imjiortanl step was due to Koch- 
letler, wlio }uejiared the alizarin glueo.sidi' in a 
erystallme condition and named it ruhmftfpic 
(Old. It appealed to }>OHsess tlie formula 
(bglk.Ojp and its hydrolysis could be repre¬ 
sented ais'ording to the follouing equation :— 

.Ahzpijui. Sugar. 

Subsequently, Sehunek prejiared a crystal- 
Imcv compound, riiluame acid, which lie regarded 
as an oxidation product of nibian, and whicli 
proved to be idenlieal with the rukrythric acid 
of Roehleder. 

Finally, this portion of the subject was 
exhaustively examined by Liebennann and 
Bcrgami, who assigned tha formula C2gH2jOi4 
to ruberythne acid, and proved tiiat its hydro¬ 
lysis vyith a( id jTtooeeds as follows ♦ 

0,gir.,A4-f2H„0 - C'i4H«<),+2C„irpA 

For the ]»reparalion of the glucoside, madder 
(1 kilo.) IS extracted with boiling absolute 
alcohol (8-9 litres) for 2 to 4 hours, and the 
mixture filtered hot. The alcoholic extract is 
evaporated to about one-quart*‘r its bulk, and 
on cooling a yellowisii-brown crystalline pre¬ 
cipitate of the impure glucoside separates. 
After lilteriug and evaporating the filtrate Rtill 
further, crystals of cane sugar separate, and by 
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adding water to tlic remaining alcoholic solution 
impure alizarin is i)rccipitttU*d. In this way, 
according to Liebormann and Bergaini, 1 kilo, 
of madder gave 

Impure glucosido . . r0~60 granib (5-fi i).c.) 

„ sugar . . 15-30 ,, (1'5~3 „ ) 

,, colouring matter 30-40 ,, (3-4 „ ) 

'rho impure glucoside, wliich becomes 
resinous on drying, is (bssolved in water, the 
solution is i>recipitated witli lead acetate, 
filtered, and the liltrato treated with basic lead 
aeetatc. I’lic ]unk-eol<mrcd jmHJ])itate is well 
washed, sus])ended in vat(“r. ih'composed witli 
sulphuretted hydrogen, and tlie ](“ad sulphide, 
which eontaiiis also the libeniled rulau'ythiic 
acid, IB collected and wastied witli cold water. 
The ruberytbrie acul is leituived from the load 
sulphide by means of boiling aleoliol, the yellow 
extract is partiallv evaporated, water and soiiic 
quantity of barium liydroMdc solution aie 
added, and, after lillormg ofl a Avliitc preeiju- 
tate. an excess of lairium liydroxide is added 
to the filtrate. 'Phe dark clicrry-red precipitate 
of barium ruhnytlirale is dissolverl in acetic 
acid, th(‘ solution is lilteri'il, liiiri'lv neutralised 
witli aininonia, and tlii'ii treated willi basic lead 
acetate. 'Plic re.sulting red precipitate is 
washed with alcohol, susjiended in alcoliol, and 
deconipo.sed bv hydrogen siiljihide, and the 
liquid and precipitate together are heated to 
boitmg and tiUered hot. On cooling, tlu^ 
amber-colourcd solution \i<'kls pale yellow 
needles of riihcrytlinc acid wlncli are reiuystal- 
lised from hot water. 'Plie hitter jiortion of thi.s 
proeess, employed liy Liebermami and Hergami, 


consisted of a^brown amorphous mass. Vndcr 
its influence, ruberythrie acid is hydrolysed 
with formation of alizarin and glucose. Thi'i 
reaction no doubt takes place in the incom¬ 
pletely dried root on storing, and it is evidently 
duo to this fact that madder .jvas said to dye 
more readily after this treatment. In dyeing 
with madder, moi-cover, the presence f)f this 
enzyme will no doubt exercise a beneficial 
effect, bccauHo as it is frequently the practice 
to employ a cold dye-balli and then to gradually 
raise the lempi'rature, hydrolysis of the glueosidc, 
which is itself devoid of tinctorial property, 
will tliereliy occur with formation of the 
colouring matter. • • 

'J'hough purpurin is consid(’red to exist in 
madder in the form of glucosido, such a com¬ 
pound has not yet Ix'on isi'liitcd, and some 
iincerfaintv exislH on tliis jioiiit. During so»io 
exi>onnienls carried out by JVrkin, it was found 
that an alcoliolie extract of madder, on standing 
ill cold weather, doponited a considerable 
quantity of cane sugar coutaminated with a 
icd jirecipitaic. 'I’Jiis latter was soluble in 
water, and on treating the solution with cold 
dilute acid, gave a ]irc<-i|iit{ile of impure purjiuriii 
and ajqicared to consist of an acid calcium salt 
of this substance. On the other hand, it was 
not ascertained wlndher all varieties of madder 
lieliave simihuly in this respect, and the matter 
re((Hires furtliL'i' m\ estigation. Presuming, how¬ 
ever, that a ]iur])uriii glucosidc is present in 
niadiler, it is evident that this eomjiound is far 
less stable tlian rubeiythric acid, and is hydro¬ 
lysed hy dilute acids at a temperature at wliieh 
the latter is luiafTceted. 


IS due to Ivochleder. 

Ruberythrie acid crystalli.ses in .silky needles 
of a ]>ure yellow colour, melts at 
ami when strongly lioatiMl yields a sublimate of 
ali/arin. It. ilisholfes in caustic alkali solutions 
witli a clierry-red (Milour, winch on boiling 
changes to violet, and on acidilication yielfl.s a 
preci[iitato of alizarin. Witli ]M)ta.ssium car- 
bmiate solutions, dark red needles of potassium 
ruberyihiatc arc prodiK-cil. Ruberythrie acid 
is not premjiitated with lead aei'tati-, but- basii; 
lead acetate gives a leil lloceiilent precipitate. 
It possesses no dyeing |Mjwer. 

By tlie action of sodium*acetate ami acidic 
‘anhydride, Liebermtnn and Bm-gami obtained an 
ocloantifl lienvative wliich 

crystallises in yellow needles, melting at 230'^ 

, Schunek and Marchlewski, by means of the 
method of Schotlcn and Baumann, obtained a 
hexahvnzoyl ami a hrpltihcnzoyl comjioumJ. The 
fact that ruboryihnc acid gives an octuae-etyl 
derivative renders two constitutionb posbibie 
for this substance, viz.:— « 

lAj W4^n^2'^o-(vr,0(011)4 

( 2 ) 

and of these the second is more probably correct, 
as an explanation is thus afforded of the well- 
characterised red-coloured salts which can Ik^ 
obtained from it. 

Erylhrozym, the madder enzyme, was 
obtained by Schunck by extracting madder with 
water at a low temperature (38°) and precipitat¬ 
ing the solution with alcohol. When ^ied, it 
VOL. IV.—r. 


Korr’s Jhu>(’Es.s fok 'hie ExmAOTioN of 
Madoeu. • 

Baseil on this a.ssumptioii, the commercial 
jiroeess of Kopp was devised, and this is specially 
interesting as it affords a fairly ooniplcto method 
for the isolation of tlie jihctiolic constituents 
of this dycNtiiff. 

(Iroiind nuulder is extracted with a cold 
a(|uoous solution of sulphurous acid, and the 
solution, after addition of 2 3 p.c. of hydro¬ 
chloric. acid (33 p.e.), IS heated to (K)", A red 
llocculcnt precipitate* of jmrpiirin is thus thrown 
down whii’h was collceti'd, wjishcd, dried, ami 
sold under the name of ‘ commercial purpurinc ’ 
or ‘ Kopp’s purpurinc.’ This product was until 
recently prepared to a very small extent in 
France for the manufacture of a rose-red lake, 
and for this ]nirposo gives result.s diifering in 
some I'eapects from those jiroduccd by the 
artificial dycHtuft. 

Kopp’s jiurpuiine, in fact, is not pure 
purpurin, but con.sirUs mainly •)£ a mixture of 
this colouring matter with three other sub¬ 
stances : p-vcMdo-^nitf urine, purpuroxanthin, 
and purpuroxanthm carboxylic acid or mun- 
jistin, 

P.svwdo-purjiurin was first isolated from 
Kopii’s commercial product by Schiitzenberger 
and ^eluffcrt, but the fact that it consists of a 
purjiurin carboxylic acid is due to the investiga¬ 
tion of Rosensticlil. H consists of small red 
prismatic needles, and differs from purpurin in 
that it is more readily soluble in benzene. It 
1 melts at 218°-220° with evolution of carbon 
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dioxide and formation of puip%rin, and this 
decomposition is said to occur gradually at 
from 180^-196®. Purpurin is also produced by 
boil^g pjfc?fdO'purpurin "with dilute caustic 
alkali, or by long boiling with water or alcohol. 
The constitution of p.sp'Mrfo-purpurin is repre¬ 
sented by the following formula :— 



It mav be ]u-e|iai(‘d NynUietieally (l> K. I’. 
2(M)7(>.'')) J)y di!s«*.lvitig J : 2 dil»ydroxyanthra- 
quiiione-3-cavbuxyhc a<id - 



Oil 

M**" ■ 


in 20 parts of .sul|>huric acid and elowiy treating 
the solution at 15^ 20'' with 0'3-0-4 parts of 
manganese dioxide. In of tlie. 1:2- 

dihydroxy the 1:4: 3-dtbydroxyearhoxylic aeid 
may Ix' employed (I>. It- 1’- 272.’}01), in winch 
ease the 2-hydroxyauihradii[UHiom‘ caihoxyhe 
acid is the fir.sl product of the reaction— 


0 



Oil 

(’.0011 


o 


'I’liis by means ol Hodiiun hydrogen suljilntc 
solution IS reduced to ^i^rwdo-put piinii 

Jt IK interesting to obsm-ve Oi.il an isomenc 
compound which is obtained by the ovidatiuii 
of alizarin carboxylic acid, amt for winch also 
the two fonnulse - 



are possible, difieis imirkedl; from jMiuio- 
purpurin, and is an exceedingly stable eompound 
(Perkin and Cope) 

PiirpuroxatUhn or xanthopurpuvui, which 
forms glistening yellow needles, molting at 
202"~2tur, is a ciibydroxyanthraquinone isomeric 
with alizarin, and was isolated from Kopp’s 
purpurino by SehutzouSorgor and Schiffert. 
These authors also found that purpuroxauthiii 
can be produced by digesting purpurin with 
phosphorus iodide and water, or by the action 
on it of a boiling alkaline stannous chloride 
solution. The reverse action oceurs, according 
to Roseustiehl, when an alkaline solution of 
purpuroxanUiin is boiled with excess of aii, 
purpurin being thus produced. Purpuroxanthin 
was synthesised by Noah by heating 3:6- 
dihydroxybenzoic acid with benzoic ocio in the 


presence of sulphuric acid, and possesses the 
following constitution 



Aoci.rding to Plath, the dimctliyl ether 
melts Jit 17H'-1SU';, and the diacety] derivative 
(Liebermann) at lk3"-J34''. 

Purpuroxanthin dyes aluminium mordanted 
fabrics a yellow colour (SchiitzeiilK.Tger and 
Scliiffert). 

Piirparoxdvilnn enrhoxyhe acid (mimjisfin) 
was discovered by Schunek and Komer in the 
crude purpurin. It crystallises from acetic 
acid ill golden ye|](;w leaflets, melts at 231®, 
and dissolves in alkaline m)lutions and ammonia 
with a red eoloratioii. Tty heating above its 
melting-point or liy boiling with alkalis, it is 
converted info jmrpunixantliin. It lias not 
been jireparcd synllietieally, but probably con- 
tjiins itK carboxyl group in a .similar position to 
tliJit jiresent in f/s'rarfo-purpiinu. It i.s said to 
(lye aluminium mordanted fabrics an orango- 
re(| colour, which is, howi'viT, iiitt fa.st to the 
action eitlior of son]) or light. 

(h\<iL 'J'hc sulpliuiiuis acid liquid 

from whi«!!i Uie iiurpunn prccipitab^ has lioen 
removed IS boiled for 2 hoias, wlien the rubery- 
tlmc mud and certain (dher glucosidcs present 
are Iiydrolyscd and a deep green preeijiitato 
sepjiiatcs. 'I’his at one time was a eommercial 
article, and was known under the name of 
‘ green alizarin.’ 

( 'Iilororuhin .—The green tinge of this jiroduet 
aiises from the presence in madder of a con¬ 
siderable (luantit.y of a pc'cuhar substance, 
possibly a glucoside, tiTiiiod chlorogeiiin or 
rubichloric acid, but little oi nothing is known 
of its chemical nature. It i.s also present in 
chaf root, morinda root, in certain species of 
ijalium and in the Gardcjua grandiflora. This 
compound, wliich has been obtained in the form 
of a colourless syrup and to w'hich the formula 
0i4H,,0p has been assigned, on digestion with 
boiling dilute mineral acid, is converted into 
chlorurubin and formic acid. Chlororubiu con¬ 
sists of a dark gixfin amorjihous powder which 
18 insoluble in all the usuid solvents, but dis* 
solveH in alkaline solutions with a blood-red 
colour. 

Ydloiv alizarin .—In order to obtain tins 
product, the dried and finely powdered ‘ green 
alizarin ’ was extracted at 150® with petroleum 
(toluene or coal-tar solvent naphtha is more 
suitable for laboratory purposes), by which 
means the alizarin and other i>henoUc con¬ 
stituents pass into solution, whereas the chloro- 
rubii^^ remains uudissolved. The petroleum 
extract after cooling is agitated with 10 p.c. 
caustic soda solution, and the dark yiolet- 
coloured alkaline liquid thus produced is 
removed and neutralised with acid. The bright 
yellow precipitate was collected, washed and 
dried, and sold under the name of * yellow 
alizarin.’ 

The alizarin prepared in this maimer is not 
completely pure, as it contains a small quantity 
of a mixture of non-tinctorial substances, which 
are derivatives of anthraqmnone. To remove 
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thene, an alkaline solution of the ‘ yellow 
alizarin’ ia treated with milk of lime, which 
precipitates the alizarin in the form of its 
calofum compound. This when collected, well j 
washed, and decomposed with acid, gives a ■ 
very pure alizarin which is best crystallised j 
from solvent naphtha. ; 

If the reddish-brown filtrate from the | 
calcium alizarate is neutralised with acid, a ' 
small quantity of a dull yellow precipitate , 
separates which is a])proximalely equal to ! 
0*02 p.c. of the madder eraxiloyed. A pre¬ 
liminary examination of this product indicat-tMl : 
that it consisU^d of at least four yellow crystal¬ 
line substances, with no »|>ccial pro])erties that 
would permit of their ready separation. j 

Schunck during his exainiiiaiion of inailder , 
obtained various ycll(>w crystalline and amor- ’ 
phoua products l>y the action of acids and alkalis 
on hie rubian. The individuality of most 
these sulistances, to which the luimcs nibirotin, ; 
verantin, rubiadin. rubianin, rubiafin. rubiagin, ■ 
ruliiadipin, rubidchydran, rubthydrau, and 
rubiacic acid were assigned, lias lioen doubted ; 
by latiT writers, and l)ut one of 1 hese- - namely, | 
rubiatlm—lias been chanu terised On tlio | 
other band, i( is quit(“ possible that ecHain of | 
these may exist in the mixture of yellow non- j 
tinctorial substances previously n'ferred to. l 
For a ih'.scnption of Ins eom]>oun(ls, the original | 
jiapers of Schunck should be referred to. 

Jiuhi'idin ijluroxidp. (Schunck ami March- 
lewsld).—Madder h extracted with boiling 
water, the solution precijiitated with lead 
ai^etatc, and the filtrate treated with anmionia, 
by which means a second lead jirccipitate is 
formed. 'I'lie latter is deeomjioscd with buI- 
phiiric aeid, the lead sulpliate removed, and the 
clear lupiid boiled with addition of hydrochloric 
acid. A dark green preiijiilate .separates, only 
a jK>rtion of which^iissolves in boiling alcohol. 
On treating the alcolioln- <‘xtract with lead 
acetate, the alizarin present can he removed, 
and addition of baryta water now precipitates 
the barium salt of the riihiadui giueoside, which 
is decomposed by diliiU* hydrochloric aeid. 
it cry-'tallises from alcohol in citron-yellow 
needles, molts at 270" with decomposition, and 
when hydrolysed by acid gives rubiadin and 
glucose -* * 

PaUii’-acdylriibiadni fjJiico<jdc, yellow ncedlys, 
melts at 237'’. 

According tu Marchlcw.ski, the constitution 
of this glucoBiile is best expressed as follows :— 
CHjni 

Im.ou. 

I 

(!H 


290®, soluble ia alkalis with a r^ coloration. 
By oxidation with chromic acid it gives phtholic 
acid. Rubiadin, according to Schunck and 
Marohlewski, is a methyl purpuroxanthin and 
possesses the following constitution 


-COs 


vav 


OH 

0 

0H« 


[)H 


linhiacih (KungeV madder orange) is a 
yellow crystalline substance obtained directly 
from tlie ’moddi'i* root, and is formed, according 
to Schunck, by the decomposition of ogghicoside. 
It Ktqiaratcs lii small quantity fn'im an infusion 
of madder made with only a littlo cold water, 
after it has bocoino sour by 12 hours’ standing. 
It erystallises in the form of plates and needles* 
having a sfrong reddish-green lustre. Alkalis 
dissolve it with a purjile colour. 

'I’ho following table illustrates the analysis 
of maddei by tlio sulpluiroua acid extraction 
method :— 

Maddt'r ih i“\lnirteil with (UIuIa! sulphurous acid scdiU ion 
and tin- cxtriu-t heated to 00°. 


1‘cccipitatc consists of 
i’urpurlii, 
I’seudo-jiurinirin, 
runiuroxanthin 
curboxylic aclil, 
riirpuroxaiiUun. 


I'llt.rale Is illgeati'il with 
l)oilui« iUlul.e 
and the resulting preel- 
pit ate ot green alizarin 
extracted with boiling 
toluene or petrolouin. 


I 


Chlororubin leimvlns 
umlissolved. 


I 


Tlic toluene extinct is Hgitatod 
with caustic soda solution, 
iiiid the alkaline liepdd is 
tie.ited with baryta water. 


I’rcelpitaO' con.sisls of cul- i'iKJale on jicidiHcation gi^fa 
ciiiin alirarntc, nhlcli a j>rncipit.ih‘ .vellow 
wlien dcconiiMised wltJi iion-tinctojiiil derivatives 
jicid gives allzurln. of luitluaquinonc 

(k)MMElf('IAL J’llEI'AHATlONS 01'’ MaDDBR. 

The prineijial of these were: (Jaraiioine, 
(Jaranceiix, Flowers of Madder, Commercial 
Alizarin or 1‘ineoflin, and Madder extract. 

Ourannne. —'I'he preparation of this product 
results from the observation in 1827 of Kobiquet 
and Foliii, that by treating ground madder with 
un (Mpial weight of coneentrated sulphuric acid, 
the various principles of the madder were 
i destroyed with the exception of the colouring 
' matter alizarin. VVe now know further that 
1 the giueoside of the root is decompost^ by the 
I actum of the aiud. 'I'liis first product was 
termed chorhon Kulpknruine, but soon the 
method of its jireparatioii was slightly altered, 
and it then received the name g<iganciM\ 

(laranciiic is made by mixing, in a wooden 
tank with false liotUiu, 100 kilos, ground 
madder, 1000 litres water, and 2 kilos, sulphuric 
acid, llOTw. (sp.gr. 1-84), stirring up and 
allowing the whole to mneerate for about 12 
^ hours. 'I'he liquid is thca^irawn off, the residue 
. mixed with a little water and 30 kilos, strong 
j sulphuric atid, and the whole boiled for 2-3 
' hours. After running off the aewi liquor, the 
I garanciiie remaining is washed with water till 
I free from acid, drained, pressed, dried, and 
1 ground. 


/ 

/ C'HOH 


Of 


OH’OH 

1 

OH—0 - 


OH 


,00^ 


\c()/ 


0H3 

Rubiadin, prepared by the hydrolysis of tiie 
giueoside, forms yellow needles, melting about 
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The colouring power of garancine is three to ' 
four times that of good madder, it dyes more 
readily, giving yellower-toned reds and pinks, 
and greyer lilacs. I'koy are not quite so fast 
to soap as the madder (lolours, but since, in the 
case of printed calicoes, the unmordanted white 
parts are not so much soiled in the dye-bath, 
the o))eration (*f soaping can be omitted. 

Oarnncf.ux or Hpnnl (Jnrawiw was introduced 
in 1843 by L. Scliwarz of Mulhousc. It was 
simply a low quality of garancine prepared in 
the above manner from tim spent madder ol 
the dye-baths, and made by each calico-printer 
for himself, by wav of eronomv. Its colouring 
jjower iS'aVout one-fourth that of good garancine. 

Flowcr-'f of Mddfirr was first made in I Hoi 
by Julian ami Rogner of Sorgues. It can lie 
prepared by macerating ground madder for 
several hours with cold water very slightly 
acidulated with suijJninc acid {I- 2']).c. on the 
weight of mailder). then washing, draining, 
])reN.sing, drying, ami grinding. In this muniier 
all soluble, mneilagmous, and sugary matter, A c., ; 
is removed, decoinjio.sition of tin* ghico.side by ' 
fermentation occurs, and the n^sidue has nearly j 
double the colonving power of the ongmal , 
madder. The wa.ste liquors were neutralised, : 
allowed to fi'rment with the addition of yeast, 
and then distilled to g.un the aleohol. lOb 
kil'i.s. madder yielded +5 bO kilos. l!ower.-< of | 
madder and 10 litn's aleoliol, snitahle f<)r making 
varnish, ifcc. 

(Jommeran} Alizorin. or J’niroJJin. was intro¬ 
duced m 1852 by Sclinnek and I'lneolT, who pre¬ 
pared it by submitting ordinary garatuim* to 
the action of high ])ressui’e and sujierheateil [ 
(1.50\' ) steam. Ry this treatim’iit the verantin ! 
and rubiretm present in the garancine were sai<l : 
to 1)0 destroyed, while the ali/.arin remained ; 
intact, ami the product yielded in coris(M|uencp ' 
more brilliant imrples, ami les.s soaping was i 
required to i-k'ar the wluU's or nnmordanted | 
portions of jirinU'd calicoes. j 

Madder ICxliaeh.--A\Tt'Hdy m 182‘i atti-mjits i 
wore made by (lauditi to apply nmrdants along ! 
with the eoliuiriiig matter of madder directly ■ 
to calico, lu the form of an extract, i.e. os a 1 
fiteam-coloiir, insteail of by dyeing, and in 1837 I 
dastard succeeded in doing this sueecKsfiilly on i 
a largo scale by means of a product named j 
colortiic. 'I'he expense, however, of this and 
other early mailder extracts retarded their : 
application, but their utility having been clearly 
demonstrated, the endeavours of numerous 
chemists w’ere directed to theit production in a 
rcasonab'y cheap inaniior. Madder extracts 
consisted of variable mixtures of the two 
colouring matters of madder, alizarin and 
purpurin, or of each separately, in a moi'C- or 
less pure condHion, By the introduction of 
artilioial alizarin, pist when their manufacture 
had been perfected, thi^ lost all their import¬ 
ance. The following wore the chief methods 
of production employed. 

Schutzenljcrger's process consisted in first 
extracting all the puir^i'iinn from grouml madder 
by water heated to 5r>°C., and afterwards 
dissolving out the less soluble alizarin from the 
dried residual madder by means of wood-spirit. 
The aqueous solution w'as precipitated by lime, 
the washed calcium-purpurin lake was then 
decomposed with hydruchloTic acid, the liberated 


purpurin collected and washed, when it was 
ready for use. The alcoholic solution of alizarin 
was merely precipitated by water, collected 
and washed. Alizarin and purpurin extracts 
were thus obtained. 

Parafs method (1888) consisted in extracting 
madder with superheated water, with or with¬ 
out the addition of a small quantity of alum or 
I sulphuric acid, tJieii (sllccting and w'ashing the 
! floceuicnt alizarin jireeijiitato whii*h separated 
! out on cooling. 

' Tlie modes of inepaiing Kopp's ‘ pur- 

■ piirine,’ ' green aliziviiin*,’ an<l ’ yellow alizarine ’ 

! hav(‘ aircafiy Ixmoi given. 

: I'cniod's madder-extract, oiuc largely used, 

■ was prejiared by extra<-tmg garancine with 
I boiling water very slightly acidified with sul- 
, ])h\irM- acid, i-ollccling and washing the jirecipi- 
I taie thrown down on cooling, and extractinc 
[ I, be dried precipitate with boding aleolnd. After 
' recovering the major [lortion of the alcohol by 

distillation, the reinainmg solution was mixed 
witl) \vat«‘r, and the jirccqiitated alizarin was 
collected and washed. 

USK OF MAOnKIl IW DlKlNO. 

l‘reviouH (o 1870 niaddm' ainl its derivative 
garaiicini' were the dyestidTs jiar rar.cHc'/Hc of 
the calu o-jirinter and Tnrkey-rcd dyer. 

Ity the former, it was used because of its 
, eliaracterislic iiroperly of yielding a variety 
of colours with the aluniinuim. tin, and iron 
I mordants, viz. red and jnnk, orange, lilac, and 
black; also brown or chocolate, by employing 
a mixture of aluminium and iron mordants. 
Purilier, all these colours are fast to soaj) and 
liglil. 'Ibv the cahcoqninter botli the alizaiin 
an<l the jnnqninn of the madder were of use, 
thousili undfMibtedly the alizarin would, in 
ino.st styles of work, be tbc essential colouring 
mattiT. The 'I'urkey-red dyer employed inad- 
dei, and afterw'urds gtirancme, bei'ause they 
yiekh'd, by )us peculiar procesB, the most 
brilliant and most permanent red on cotton 
which was kinnvn. In this ease the alizarin 
was the alI-iinj)ortant colouring matter, since 
the purpurin, although fixed on the fibre at 
fiist, wa.s more or less removed during the 
operations of clearing. Alizarin, in' conjunc¬ 
tion with aluminium and i-on mordants, gives 
a l)luish-rod and a comparatively bright lilac; 
pniqmrin, a yellowish-red and a greyish-lilac, 

! ros})ectively. 

The method of applying madder in I’urkey- 
i red dyeing was Bimilar to that now employed 
I in the ease of alizarin. 

I Another interesting feature in connection 
I with the ajiplication of this dyestuff is that, if 
! the madder was deficient in lime, it was ncccs- 
‘ sary to a<ld a certain jirojiortion of chalk to the 
dye-bath ; it now apjiears that calcium is a 
normal constituent of the madder colours, 

! especially those obtained with aluminium and 
; iron mordants. 

i Madder has also been used in the past, and 
is even now employed to a small extent, by the 
! indigo dyer and the woollen dyer. 

Literature. —Robiquet and Coltn, Ann. Chim. 
Phys. [ii.] 34, 226; Robiquet, thid. 63, 311; 
Annalen, 20, 106 ; KulUmann, J. Pharm. Chira. 
14, 354 ; Zenneck, Pogg. Ann. 13,261; Dccaisne, 
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J. Pliarm. Chim. 24. 424 ; Oaulthier de riaubry 
and Pereoz, Annalen, 2. 31; Runge, J. pr. 
Chem. [i.J 5, 362, 374; Higghi, Phil. Mag. [iii,] 
33,282 ; J. pr. (Ehem. [i.] 4(», 1 ; 8ohijtzenl>erger, 
Bull. Soc chim. |h.J 4. 12; Scbunck, Phil. 
Trana. 141, 433; 142,67; 145,38!); Annalen, 
66, 174; 81, 151, .344; 87, 345, 351 ; Srhuuck 
and Romer, Her 10, 172, 551, 790; Debus, 
Annalen, 66, 351; Wolif and Streeker, ibid. 
7.5, 3; Jv Mny, ibid. 51, 346; 11. Kdochlin, 
ibid. .59, 344 ; Sohiel, ilnd. 60, 79 ; Do Dalande, 
.1. 1874, 486; Ifi. Kopp, Hull Soo. Ind. Mulh. 
1861,31,9 : 1867, 37.437 ; Kochlodor, Annalen, 
SO, 323; 82, 207 ; .Si-hwarz, ibid. 80. 333; 
Wilhgk, ibid. 82. 339: Skuihouso, ibid. 130, 
341, 343; Hyiley and li«»sa, Ding!, poly. Jahi. 
171,446; Streekov, .1. 1868. 479 ; Rysenstiehl, 
Her. 7, 1546, 10, 1178; Lieberiuann and 
Bergami, Her. 25, 2241 ; Liebonnaun htkI 
Plath, Her. 10, 1618; Lit'UiTmann and 1 ''m(‘( 4- 
hinder, Bor. 29, 2851 ; Sclmnc k and .MiirehlewsKi. 
Them. Soo. Trann. 63. 969. 1137; 65, 182; 
Ginelin, Handb. 16,32; 14. 129; PiTkiii ainl 
Cope, CIkmii. Soo.'I'raiis 65,848. A. (I. 1*. 
MADDER CAMPHOR r. CamI'HORS. 
MADDER LAKE e. LakiA. 

MAFOUREIRA NUT. A nnt im|)orlecl from 
Portugue.so East Africa eontaming about 60 j).c. 
ot fat, s(»lid at ordinary teinpeiaturos and con¬ 
sisting mainly of palimtin and olmn, togtdlnT 
with sunn' free fatty .o nls. chiefly oh ie acid. 
Used PI tlie manufaetare of lubricants, Hoaj>, ainl 
candk*.s. 'I’he supply is jiraetioally uiilunited, 
the tree bearing the nut growing wild ail over 
the country. 

MAGDALA RED r. Azinks. 

MAGENTA r. ’rmi’HENYl.METUANK f’OLoPlt- 

TN’Q MATTERS. 

MAGISTERY. 'i’be term rnagislcry was (mu- j 

jiloyed by the oh^m- eheiiusts to deiiofe the ! 
white procipitatPs whieli buiii on the addition of j 
water to .'^troinrly aeiditied soliiinjns of ciTtain ■ 
metals. • j 


phombohedron is 72® 36' (the corresponding 
angle in ealcite being 74* 55'). Sp.gr. of crystals. 
3*02 ; hardnesa, 4. Of the massive material 
there are two distbict varieties—crystalline and 
compact. The former consists a spathose 
aggregate, showing bright cleavage .surfaces, of 
varying degrees of coai-seness, am) Hometinies 
so tine as to resemble a siiccliaroidal marble. 
! The compact or cryptocrystalbne variety, sonie- 
I times descrilied as amorphou.s, is snow-white 
i and has inueb the appearani'c of chalk or 
j uuglazed porcelain ; this has .s|).gr. 2-9 to 3-U. 

1 Anaivses of massive material show 85 to 9() p.c. 
Mg(I().„ witli eahnum and iron carhonaiea and 
1 often (esj)eeially in tlio compact vuri<(|t>) a little 
! silica. A ferriferous varii'ty of the spathose 
form, known ns hreuniieritc or brown-spar, 

! contains 5 to 36 p.c. Pef’Oa isomorphously 
I rofilacing magnesium carbonate and forms y. 
jiassagc through mesitilc («/.e.) to chalyhito; 

* liere the sp.gr.' ranges uji to 3-2. 
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1 1. ('oiiijiact niagm'site from Kulxea (A. Chris- 

I ttunaiioH, 1903). 

M. (.'ompact magncsile from Chalk Hills, 
i Salem (II. 11. Dains, 1909, also MgO 0'60). 

III. <kiin]»u<t magnesite from Alameda 
claim, Santa Clara (Ni., California (K. Tj. Hess, 
1908) 

IV. Crystalline, nmrble hke magnesite from 

V'alley, Stevens (!o, Washington (U.S. Geol. 
Survey, 1918). • 

V. Crystalline magnesite from St. Kathrein, 
Styria ((‘. v. .lohn. 1907) 

VI. (Vvstalhne breunnerite from Veitsoh. 


MAGISTRAL. An ohl medical term signify¬ 
ing a si»vereig!i remedy, i‘mployeil by the 
Spanish smelters uf .Mexico and South America 
to the roasteil and jiowdered <-opper pyrites, 
winch IS added 1o the stamped silver ores in the 
iorla or luagnia, obtained in Ihe patiii jiroces.s of 
decomposing horn silver (r, Su.vkr). 

MAGMA. A ]fflsty or semifluid mixture. 
Applied in medicine to the residuum obtained 
after exjiressmg certain substances to extract 
the fluid parts of them, or after treating a sub¬ 
stance with some raonstruiim : a thick ointment 
or confection (Dunghson). Sec (Use Lava. 

MAGNALIUM. All alloy of magnesium and 
aluminium {v. Aluminium). 

MAGNESIA ALBA. A hydrated basic mag¬ 
nesium carbonate {v. Maonehtu^. 

MAGMEISIA NIGRA. An old name for gativo 
manganese dioxide {v. Manoanese). 

MAGNESITE (Fr. (hohertifi). A mineral 
consisting of magnesium carbonate MgCD^, ami 
belonging to the ealcite group of the rhombo- 
hedral carbonates. To French mineralogists it; 
is known as giobertite or baudiss/*rite, the name 
inagn63ite being applied by them t o meerschaum. 
Crystals are of rare occurrence; they usually 
have the form of the jirimary rhombohedron, 
parallel to the faces of which are iierfect cleav¬ 
ages, The l>etween the faces of this 


! Styria (R.^Hanco, (juoted hy K. A. Redheh, 
1914; also MnO ()-.53). 

I '(’he (‘omjiact variety of magnesite oceurs as 
; an alteration jirodiiet of serpenlinc roeks, in 
I whieli it forms veins, inlerlai'ing networks, and 
’ larg<! irregular masses Deposits of this kind 
: an* worked eonimereially on the, island of 
' Rulxea in the Grecian Archijtflago,the ‘Chalk 
i Hills ’ near Salem in Madras, at several places m 
I Galifornia, 'I'ransvaal, and in Piedmont; and 
I several other localities arc known. 'I'he spathose 
I variety of the mineral occurs as beds and Icnti- 
j cular masses in inetamorjihosed seiiiinentary 
j rocks, in a.ssociaiion with limestone, dolomite, 

I ami spathic injii ores; and has probably 
originated by the action of solutions of magne- 
; sium salts on limestone. Depotits of this tyjie 
I are worked at Grenville in Quebec, Stevens Co, 
in Wasliiugton, and itf Austria. 'I’he Austrian 
I dejiusits extend from the 'I'yroj into northern 
' Hungary with a maximum development in 
Styria Here the predominating mineral is the 
breunnerite variety. • 

Akagnositc is used for the preparation of 
Epsom-salts and other salts id magnesium, and 
for the production of carbon dioxide. Calcined 
magnesite is made into refractory bricks for 
lining basic steel furnaces and electric furnaces. 
For this purpose the ferriferous breunnerite 


c 
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variety has the advantage that it sinters some¬ 
what when calcined. 'Die strong cement 
(oxycJiloride or S<irel cement) made hy mixing 
partially calcined magnesite with magnesium 
chloride solution is employed for the construction 
of flr(5proof partitions,' Hoonng, artiiicial stone, 
tiles, <imery-whe(OK, griiidslones, lit hographic 
stone, Ac. For this purj)ose tiie compart variety 
is l>ost suited, fdlier ajipliratioiis of magnesite 
are in the mainifaetun* of ]jaj)er and jiaint, 
and as a non-conducting e<)^■crlng on boilers and 
Bteam-])ipoa. 

Rcfcrencp-s.- Magnesiti' (1 Id .3-1 blO), 1 ni]). 
Min. JKes. Bur. Ivondon, ltt2t). ('rook, Mag- 
ncait<‘ aft ‘‘aw mutenal, Trans. [Taiglish Ceramic 
Soc. IblO, 18,07. W. Donald, MagneHitCH and 
magnesite bricks, ilnd. 1918, 17, 48(). K. A. 
Itedhch, Die Bildung des Magnesits und seni 
patiirUehes Vorkoimnen, F»*rtsrh ]\1in. Krist. 
Petr. 1914, 4, 9. Jl. Leitineicr and K. A. Ked- 
lich, Doelter's Handbuidi der Minoralehcmie, 
1911, vol. 1. On (/alifornian <;ccurreiicc.s, .vrt 
F. h. Hess, Bull. U.S. Geo]. Survey, UK)8, No. 
3d5 ; H. S. Gale, 1914, No. 540. Canadian,! 
.vfc M. E. Wilson, Dept, ot Mines, (Janada, 1917, i 
Memoir, No. 98. South African, see P. A. ' 
Wagner, S. Afr. Jouru. of Induatiies, 1918. i 
Indian, fice (!. S. Middlenuss, Kec. Geol. Survey ‘ 
India, 1890, 29, 31 ; II. 11. Dams, J Sor. Chcni. i 
Ind. 1909, 28, 503; Eulxea, .svr J. Hogg, 'I’rans. ’ 
Jnst. jMin. Engin. 1914, 40, 128; Western 
Australia, sve F. JC Febllinann, (tcoI. Survey, 
W. Austr. 1919, Bull. 82. D. .1. S. 

MAGNESIUM. Sym Mg. At.ut. 24*375 
Magnesium appears to eonsist of three isotoj)e.s 
of massc-s 24, 25, and 2(>. which occur in thi‘. 
pniportion 0:1:1 and give an average atomic 
weight of 24 375. The compounds of magnesium | 
most widely occuiTing in nature arc mfigntMie ■ 
MjitlXlg, hicKcnlc Icahnfe. j 

MgSO4*K01,0K,() j 

c<trmilHtc MgCU*K(3,OHaO. and the many j 
silicates, as cnf<taiite, talc, laccrschaVm, aiigii(\ I 
olivine, an<l ^erpnitme. 'J’ogether with calcium 
it frequently occurs in huge mnnntain masses as | 
rfoZow7te(Mg('a)C()3. 'I'he sulphate MgS04,71 IjO 
is one of the principal saline constituents Of 
many springs, and the chloride occurs in sea 
water. 

Preparation of the Magnesium, in an 

impure state, wa.s first obtained by Davy m 1808 
by electrolysis, and also by reducing the oxide in 
a ourrent of the vapour of potaasiuiD. In 1830, 
Bussy obtained it in larger quantify and m a 
purer fo»;m by beating anhydrous magnesium 
chloride to redness with potassium. On dis¬ 
solving out the residual chioridos the metal was 
obtained as a powder which could be readily 
fused into globliles. Bunsen subsequently pre* 
pared it by electrolysis of the fused chloride, 
using a battery of ten 5.ine-oarbon cells. The 
operation was conducted in a porcelain crucible, 
of wliich the upper pert was diviilcd by a vertical 
partition, ground to the right size out of an 
ordinary crucible lid.*’ The crucible was fitted 
with a tile cover, through which the poles «f gas 
carbon were inserted, one on each side of the 
partition. The negative carbon pole was cut 
like a saw, in such n manner as to form over¬ 
hanging lodges, under which the light magnesium 
collected, and wos thus prevented from floating 


to the surface and burning at the high tempera¬ 
ture employed. 

As the anhydrous chloride is difficult to 
prepare, Matthiessen improved the process by 
substituting a mixture of tJirco equivalents of 
potassium chloride with four of magnesium 
chloride. A little ammonium chloride is added, 
the mivluvc fiisi'd and elcctrolyncd in Bunsen’s 
aj)}>aTatiifi: it is, however, uniu'ccssary to cut 
the negative pole, a.s the inagnc.sium is heavier 
tlian the fu.«(‘(l mixture. Jn small quantities, the 
nictul may be readily olitained by electrolysing 
this mixture in a clay tobacco pijjc heated over 
a lain]), the negative pole being formed by an 
iron wire inserted clown the stem, and the posi¬ 
tive by a piece of gas-carbon just touching the 
surface of the iused mass. 

Monnfariin'. —'J'he fir.st .ste])s towards the 
prejiaration of magnesimn on an imlustrial scali' 

' T'cn^ taken by Dcvillc and ('aron, wliose proce.ss 
essentially consislcd in heating a mixture of 
anhydrous magnesium eliloridc, fluorspar, and 
Hodmm In the earlier experiments (>00 grams 
of the fused chionde. 480 grams of finely- 
powdered fluorspar, and 230 grams of sodiiiin 
in small jik'Ccs were em]»loyed The fused mag¬ 
nesium chloride is obtained by evaporating to 
dryne.ss a mixed solution of magnesium and 
ammonium chlorides, ami lusioii of the residue. 
Magnesium ohloiidi* alone cannot be fused with¬ 
out deconi]iositnfi. hence the use of the amnm- 
nium ehloride, which prevents this. 

'I'he dry mixture, in the jiroportioiiH men¬ 
tioned, is then introduced into a red-hot earthen 
crucible and the eovei pres.se<l down by a weight 
while tlu‘ violent reaction occurs. When all 
action ceases, the l ontenis are stirred with an 
iron rod. w'hich eau.scs the minute globules of 
metal to ooalo.sco. Afti'r being left to cool, all 
the magnesium may be collect'd as a ball upon 
the rod before the melt li(*comes solid, 'i’he 
metal is then hammered to free it from slog, and 
should amoiint to about tliroe-fourihs of the 
theoretical equivalent of the sodium used. 

Wohler subseiiuontly showed that the 
troublesome preparation of the anhydrous 
chloride may bo avoided by using instead a 
mixture of magnesium chionde with onc-sixtli 
of its weight of 80(}^ium chloride, or of.*' mixture 
of aoilium and potassium chlorides. 

r)eville and Garon also slibwed that the metal 
1 may l>e distilled at nearly the same temperature 
! as* zinc, in carbon-lined vessels, in an atrao- 
■ sphere of hydrogen, and were thus enabled to 
’ obtain it in a very pure form, free from carbon, 

I silicon, and nitrogen. 

Sonstadt, in 1803, introduced a few improve- 
monts in the process of Deville and Caron. An 
: iron crucible was substituted for the earthen 
I one, and the i^ixture used con-sisted of niagne* 
j sium • and sodium chlorides with one-fifth its 
I weight of sodium. The heating was continued 
I for about half an hour after the whole crucible 
; has been raised to full redness, 
i In a later patent, Sonstadt extended the 
; whole process to a manufacturing scale, and 
adopted an enlargement of Deville and Caron’s 
I method of purification by distillation. The 
‘ magnesium stiU ’ consisted of two wrought-iron 
j vessels placed vertically over each other; the 
I upper one served as the crucible, and was con- 
’ nected with the lower one, which actedos receiver, 
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by means of an iron condensing tube, whicli pro¬ 
jected upwards into the oruoible to within an 
inch of tho lid. The whole apperatuR could be 
rendered air-tight- Tho crucible filh'd with 
crude nmgncsimn to tho level of the top of tho 
tube was lixed in a fnrnoco and surrounded by 
fuel: tho rcc(‘iver was httecl into a recess of Uio 
fire grating, and projcct<“d below. Before com- 
raoneing the distjllidiou. the wroupbt-iron lid 
was screwed down, and the air displaced l)y a 
current of hy<lrogen or coal-gas. 'I’he receiver 
was cooled by external application of water. 
'Phe cniciblo was maintained at an almost white 
heat until the operation was complete. '^Pho 
whole apparatus was then lemovofl from the 
iurnacc and cooled; on taking to pieces, the 
magnesium was found as a solicl mass in 
the receiver. 'Pbis was then rcmelted and cast 
into ingots. 

Magnosiiira was formerly prejiarcd on^ a 
large scale in tin's country by the Magnesimn 
Metal Company, at I’atricroft, m ar Mam hestcr. 

Von Buttner (Kng. l^at. 1031, .Tan 24, 188hl 
prepared the metal by a ])u>ccsr very like the 
reduction of zinc, which metal magnesimn very 
closely resembles, 'j’lie inagnesinm miuernl is 
first treated so that llie metal is present entirely ; 
aa oxide. Tliis is then intirnali'ly mixed with i 
carbonaccouH mailer, to which may advantage- j 
ously be added oxuh' of iron, and heated to 1 
whiteness in retorts. The vaponscil metal is j 
condensed and collected in receivers similar to [ 
those uactl in the zinc manufacture, 

Matignon {('. R. 1013,1157) obtained metallic i 
raagnesiiim by beating heavy magnesium oxide 1 
with aluminium jmwdor in an exhausted flteel 
tube at 1200‘^(\ 'Phe reaction is almost, com¬ 
plete, the magnesium being deposited in a 
crystalline staii’ in the cooler jiart of the tube. 

Gerhard and Smith (Kng. T*at. I()b5l. Dec. 
19, 1884} dcscribf a process for the fdectrol^dic | 
deposition of magnesium asfollow's. Magnesium ! 
ammonium sulphate ir prepared by crystaHising 
together 228 parts of magnesium eulphaie and 
132 parts of ammonium sulphate. 'I'liis is dis¬ 
solved in 35,000 jwirt s of water, and the elcciro- 
dei>oriition is effected in this solution at a tern- i 
perature from 150" to 2I2"’F. If a white metal 
is desijj^d, a nicl;cl anode is employed; for ; 
magncBium bronze, a comer anode. In the j 
latter case the mffst Kuitable bath is formed by : 
dissolving 300 parts of magnesium ammonium ; 
sulphate, 660 parts of potassium cyanide,* and j 
550 parts of a mmonium carbonate in 35,000 parts j 
of water. I 

The electrolytic methrai has now superseded 
the ohemioal method. Briefly the details of 
the process, according to Borchers, are as 
follows. An anhydrous electrolyte consisting 
of chlorides having the opposition oorre- 
sponding to the formula M^:ij‘KCl'NaCl is 
prepared by heating the crystallised salts in an 
iron pan. Magnesium chloride cannot be used 
alone, as it decomposes on heating with the 
liberation of hydrochloric acid and the formation 
of oxychloride. I'his reaction takes place to a 
certain extent in spite of the presence of the 
alkaline chlorides; and if the oxide is not re- 
mowed, as also any magnesium sulphate present, 
the globules of magnesium formed during electro¬ 
lysis fail to unite to form a clean metal. The 
sulphate is therefore decomposed aft^ fusion of 


the chlorides by stirring in some carbon or saw¬ 
dust, when oxiae is produced. The oxide is then 
converted to chloride by the addition of am¬ 
monium chloride, when a clear bath should 
result. The fused mass is then emptie<l into the 
electrolytic cells, which arc usually of iron and 
form the cathode. The anode is a carbon rod 
Burroundeil by a porcelain cylinder and cap from 
which a tulx' passes for lending off tho chlorine. 
The apparatus is kejit in a funiace and the 
temperature is maintained somewhat above the 
melting-point of magnesium. Tho current 
density is about 1(X)0 ara|>6reB per square metre* 
with a pressure of 7 to 8 volts. The resulting 
motal and salts are poured into a^raouM, and 
after cooling the buttons of magnesium are 
separated and remclted with pure carnallite in 
an inm crucible, the tcm|>erature Iwing raised 
until the magni'sium floats on tlie flux, and is^so 
liquated ironi iiiipiintics. Tl»e magnesium is 
ladli’d off, ronidtiMl, and poured into ingots. 

According to I'.S. Bat. ]2582fll ((‘hem. and 
Met. Kiig. 1919, 87) the (“hlorides of tnagnosium 
and potiisslinn in n iiiolt(Mi cotulitioii are electro¬ 
lysed, using a carbitn anode and a cathode of 
mt>llcn tin or copper. 'I’he mognoHium separated 
from the electrolyte is alloyed with tho molten 
cathode, which is removed wlien it contains 
snrtieii'nt iTiagnesivim for further treatment. In 
the second ste]) the iiiagnesium alloy is used 
as anode, the electrolyte is the same nature as 
before exe(“pt with the adflition of a heavy salt 
of an eloctro-])ositive metal such as barium 
clilorlde. In tlio second electrolysis magnesium 
enters into the solution from the impure anode 
and deposits in the cathode so arranged that 
the magnesium separated may float upon tho 
electrolyte. In 1918 America produced 284,188 
lbs. of magnesium valued at $015,217, about 
three fifths of the total being sold as stickiaand 
two-fifths as jiowder. Its purity varied from 
99 to 99*9 p.c. 

Tho Dow (chemical Co. uses magnesium 
chloride •for the manufacture of the motal. 
This chloride is a ))y-product from its salt and 
bromine industry in the Saginaw Valley, Mich. 
The hydrated magnesium chloride, mixed with 
common salt in the ])roportion of 4 to 1, and 
with a small quantity of ammonium chloride, is 
heated in shallow vats over a slow coal fire to 
remove its combined watcr.^ About 50 p.c. of 
the water is driven off in this way. Tho partly 
dehydrated mixture is removed from the vats,* 
cooled, and then completely dehydrated in a 
second furnace at a higher temperature. The 
metal is then produced by electrolysis of the 
I fused magnesium chloride in a bath of sodium 
I chloride and ammonium chloride. The oloo- 
i trodcs used arc graphitised carbon, and electro- 
! lysis takes place in cylindric#! sheet-iron cells, 

! which servo as cathodes. 

The American Magnesium Corporation uses 
magnesite mined on the Pacific (joast, and 
calcined before shipment to the plant at Niagara 
Falls, N. Y. The electrolyte or bath is a mixture 
of fused fluorides, the *xido going into solution 
I ar^ being decompo.scd by the electric current. 

I The slag is removed and the metal drawn from 
’ the furnaces at hourly periods and poured into 
i small ingot moulds. The metal is refined by 
i remelting the ingots in small retorts. Most of 
I the magnesium now used is employed in 
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foundries as a deoxidiser or scavenger in brass, corrosion as aluminium, whilst it is superior to 
bronze, copper, nickel, ami aluminium. It was it in heat CDuductlvily, and oqunl to it in 
for a time used chiefly in the production of electrical conductivity. The metal is barely 
flares, tracer bullets, and special explosives, and ! attacked by a mixture of strong sulphuric and 
as a flashlight in photography; it is also used ; fuming iiitrle acids, 

in a small* way m making alloys witli otlicr Magnesium has no action on pure water, but 
metals (H. W. .Stone, U.N Geol. Survey Iteport, in presence of a trace of platinum oliloride it 
through ('horn. Trad«‘ .roiirn. Oclober 8. doeomposes water ratlier quickly, evolving hy- 

434 ). drogen and forming magnesium hydroxide. 

i^/‘(>p€r^tei.---Maguosjum is a brilliant white Powdered magnesium reacits with water of 
metal i-osembling silver. Wlien heateil tn mcu6 crystallisation, being most active with lialogen 
to the t(*m)M'raturo of the soflemng of porcelain salts. SnCl 2 , 2 H 20 and show the 

it sublimoB, and dejiOsits itself iq.on the cooler greatest activity Hydroxides of lead, calcium, 
parts of llie v(‘ssel in lioautilul silvtir-whito and aluminium which contain no wai.er of 
crystals (Dumas, (.lompt. rend. IH), 1027). During erystalliHation do not. react even at 200^. 
the lieating' jt giv<‘s off about one and a lialf Platinised magnesium constitutes a good deoxi- 
iimes its volume of gas ; 20 grams oi tlie metal dising agent: it reduces nitrobenzene, for 
yielded i2-:} c.e. ot hydrogen an<l 1 I c e. of instance, completely to aniliwo (Ballo, Per. 10, 
carbon moiioxidi*. 'Die faces of t he crystals are 004). Dilute acids rapi«l!y dis.solvo it with 
ofCen curved and the edges rounded ; ‘ the usual violent evolution of hydrogen; with dilute 
form is a regular hexagonal prism, tin* hasaf . hydrochloric acid it inflames when first thrown 
planes being Jess hrillmnt, tlian the prism faces. ' in. Strong suljdiuric acid,acts slowly, and a 
'Idle angl(‘ of I Ik* eorrcsjiondmg rliomliohedron is mixture of this acid with fuming nitric acid has 
80“ 2', and IS infermodiate between fliosc of z.iiK! I no action upon it at ordinary temperatures, 
and arsi'nie (Des Oloizeaux, (ionqit. rend. 00, Solutions of caustic alkalis havi'no action upon 
I JOl). Its sp.gr. IS 1 -74-1*?'). It melts at Ool', it, but, lieated with solutions of aiiinionium salts, 
and the boiling-]»oint IS a litt ie liigher t han tJuit it evolv(*s hydrogen and dissolvi^s, forming a 
of zme. It preserves its silvery lu.stre m dry double salt of ammonium and niiignesium. 
air. but soon tarnisli<*s in moist air owing to the Aquenu.s solutions, liowever, ot acid socliiim or 
formation of a lilm of liydratetl oxide. Jt is iioiassium carbonati's, as well as solutions of 
readily malleable, but only ductih' at liigh tmn- carbonic acnl, dissolve the m( ta) witli exolution 
]MTa1.im^s. Average coeflicient of exjiansion of li.vdrogen {Hallo, Per. If), 800IJ). Magnesium 
between 0“ and 100°, 0-(HM)02‘)‘i. On tlie large burns wlien heated mchloiine gas or bromine 
si’ale it. is usually presscai into wire wbih' in a v.i|>oiir, and especially bnlhaiitly in the vapours 
state of s(‘iiii lluulity, and is then freqiu'iitly of sulpiiiir and iodine. It combine.s at detcr- 
tiatteneil into nhboii. It hums wlicn heated in minato tenqsMaturcs. when in a finely divided 
a flame in air with an intense white light, vciy state, with sulphur, phospliorus, ami arsenic, and 
rich in the <‘heTni('ally active violi't lays ; lienei' at a led heat decoin])osGS oxides of carbon, 
its use in jdiotograpiiy. Ai^cording to lto.sci>e, sulphur ilioxide, and many hydrocarbons, 
a biifiiiiig magnesium wire of 0'2q7 mm thick- SiUca and hone acid an^ readilv reduced by it. 
ness evolves as muc}i liglit as 74 stearin candles It combines directly with nifjogen. forming a 
of which five go to the poiyid. The light of 1 crystalline nitride Mg.,N.. It precipitates nearly 
Inirning magnesium IS also ornjiloyed in Signalling all the midals from tlieii iientral sohilmns in 
and pyrotecliny. For th(‘ pnaluetion q,f the so- ; the niet.alh<; stnti*; ,'iiiiniiniuin. uraniiiin, and 
called ‘ Hengal Iiglits,’ the following mixtures : chromium as oxides. 

are roeomniended. Bttr vliifc fire, I part shellac j Alagnesium may Ik- advantageously einjiloyecl 
IS fused with G |)art>i lianum nitrate, the fused 1 m plac(‘ of zinc in toxicological investigation.s, 
mixture grouml and mixed with 2 5 p.c. of | owing to its freedom from arsenic. Jt may like* 
jiow'dered magiiesimn J'^or red iir(‘, J ])art I wise be used instead of ziiie m voltaic batteries, 
Hhellac is fused witli 5 ])art,s strontium nitrate, j owing to its higher eK-i-tromotivc force (itoussin, 
and the ground mass mixed witli 2-5 p.c. of J. Pharm. (fliini liv.) 2, 4111).*’ 
magnesium. 'I’liesV mixtures may eitlicr be ,4/Zm/.s.—Magnesium forms malleable alloys 
tmade into ribbons about a finger’s breadth or witli, potassium and sodivin, which decompoHe 
may be charged into fliin zin<’ tubes so as to water at ordinary temperatures. 15 parts of 
serve as torelios. On burning, tlie zme ease magnesium form witli 85 jiarts of tin a brittle 
burns alone xvitli the mixture. .Star shells arc Javender-coloured alloy, winch also decomposes 
made of a luixtuix* of inagnesiuni powder with water. An alloy with 5 p.c. of tliallium is stable 
barium nitrate and pota.ssium nitrate, or tlie and more malleable tlian pure magnesium, 
magnesium powder may fir.si be mixed with a With mercury, it does not appear to form an 
eertain proporlior^of aluminium powder. amalgam at ordinary temjicratures. Alloys with 

'I’he sti'ength of magnesium has been di'ter- ( aluminium, zinc,‘cadmium, lead, bismuth, anti¬ 
mined at the mechanical cxjienmcntal station at j nioiiy, silver, gold, and platinum have also been 
(fliarlottonburg, and shown to bo very consider- ' prepared (Parkinson, ('hem. Soc. Trans 18G7, 
able. Its breaking cocflicionl for tensile strain 125) by fusing the metals together in a current 
per square mm. is 23-2 kilos.; specific resistance of hydrogen, or by fusion in an earthen crucible 
to compression, 27*2 lylos. per square mm.; under a flux of equal parts fluorspar and cryolite, 
bending strength, 17*4 kilos. At a temperature or one ])art fluorspar with two parts of common 
of 4,50^" it can he rolled, pres.sed, worked, tuid salt. The magnesium is attached to tlie end 
brought into complicated forms. Screws and of an iron rod and well stirred among the other 
threads of magnesium are considerably sharper metal, otherwise, being so light, it would float to 
and more exact than those of aluminium (J. Soc. tlie top. Triple alloys are also obtained with 
Chem. Ind. G, 730). It is quite as resistant to bismuth and copper, copper and gold, and with 
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copper and nickel. Moat of theae alloya are ; chloride liquor obtained as by-prodnct in tlie 
brittle, and of little use in the arts. j manufacture of potassium chloride. 

Magnesium and zinc form a single compound I Sohloesing, in 1881 (Compt. rend. 93, IOC, 
MgZiig and no solid solution (Compt. rend, j 215),describesthcfollowingproceasforobtaining 
1010. 904). Broniewski, from his investigations cheap magnesia. A paste of slaked lime and 
of alloys of aluminium and magnesium, comes water containing 34-3C j>.c. of calcium oxide is 
to the conclusion that two definite compounds, l allowed to run through perforations in a metallic 
AlMg and Al^Mgj, exist. Those form a con- j plate into a solution of magnesium chloride con¬ 
tinuous series of solid solutions. ‘Uuralumiu’ i taining CO-C’) grams per litre. As soon as the 
is aluminium alloyed with a small percentage of , lime ])aste r<‘aehes the solution it becomes 
niagnosiiun and coj>per. It has the property of coated with a layer of magiiesiurn liydroxide, 
hardening, like sti'cl, on lieating and quenehing. : wliieh aets like a shell, causing it to form long 
Afagnesiuin alloyed with small amounts of zinc ^ tlircads, wliieli are entirely ctuiverfed into 
gives a stroiiix alloy whi(“h can be wrought and | magnesium hydroxide in aluml. 0 days. 'I'lie 
rolled, and presents the fracture of fine sti-el. i hydroxhlo thus obtained may be.^islied by 
It resists the aetmii o[ air and water and can be ! diffusion, and, when triUiruted with water and 
east and turned iik<‘ brass and copjter. ‘ Klee- ^ drie^l. gives a compact, friable ]>owd«T, which 
troll’ contains 95 p.c Mg, 4-5 p.c. Zn. and ' can of course bo converted into calcined magnesia 
O-n p.c (Ui. Sp.gr. 1-78. The iiieclianieal pro- I by heating in a sintablc fnrimei!. i’rcsence of 
piTties of the ai!i)y are: Yield point 1^0, ! common salt has no effect on the proeoss, but 
maximum load ll)d-18‘l, crushing load 23*9 if soluble HuljihaieK are jiresent, they must be 
tons per sq. in., idongntton 13-10 p.c. removed by adding .some of the ealciuin chloride 

Alloys of magnesium and lead containing solution from a previous ojjeralion, allowing to 
from 5 to 59 ]i.c. of magnesium and 95 to 59 settle, and decanting from the more insoluble 
of lead will’ll exposed to moist air rapi<IIy calcium sulphate. 

absorb oxygen, and crumble to a black powder Itamdohr, JBiimenthal. f’o., in 1881, 
consisting of magnesium hydroxide iVlglOH)^ patented the following ]iroeesK (J). B. P. 19259, 
and liydratod lead suboxide. l-’lij(()H),. it has Sept. 1881). A solution of magnesium chloride 
been suggested that tliesc alloys might, be u.scd is evaporated until it consists ap]>roximalely of 

for removing oxygen in gaseous mixtmes as in Mg('l.^.lill.jO. About 410 jic. of magnesite is 

the case ot hytlrogmi tor aircraft purposes aildeil, and the mixture lieated to redness in a 
{Ashcroft. Trans. Karaday Soc. 1919. 14, 271). cniTcnt of air until the evolution of bjulmgen 
Magnesium oxide. Mgt). Thisi^ chloride ceases. Magnesium oxychloride is left, 

the product of the combustion of magnesium in which, on lieating with water, splits up into 
air or oxygen. It is also formed wlieu the car- magnesium hydroxide and chloride 
bonate or nitrate is heated in the air. As thus 'j'he Ibiited ('liomical Works Joint Stock (*o., 
obtained, it is a white timorphous powiler, but Leo]>oldHhall, in 1882, iiatented tlie following 
may bo obtained crystallised in cubes and jirocess (1). K. P. 29277, Fc'b. 1882). Burnt 
octahedra by heating tin; amorphous form in a lirnc is treated with a solution of calcium 
current of hydrogen oldoride. If ferric oxide , eldoride. After removal of the clear liquid^the 

be mixed with flic magnesia, brilliant black ' jiasle is wa.slu-d with a fn^.sh solution of oaleium 

octahedra of magnoferrite MgO-KgO^ are formed, ' chloride, whilst the clear solution in tuni is 
together with o( tahedra of MgO, slightly ytillow rcjieatedly digested witli fresh lime. A small 
ill colour, due to oxide of iron, and identical with ])ortioii this .solution is then ml.xed with the 
tliose of pcrichise, a mineral found at Monto magnesium chloride solution in order to preoipi- 
Somma, near Vesuvius. Moissan obtainc'd tat-e all the iron and siiljihiiric acid which it 
transparent crystals of magnesia, sp.gr. 3*954, contains 'I’he juinlieil magnesium solution is 
by distillation of the oxide in tlie electric furnace, tlien addiul to the bulk ot the clear < alcium 
Ordinaty magnesia is known m ctuumoree as solution, which contains calcium oxychloride 
magtiMm usta or caleineH magnesia, and is ^fCaO’CatJls.lfiHjO, when pure liydrated niagne- 
much used for madicinal purposes. It is a fine ! aium oxide separates out. ^ 
bulky powder of sp.gr. 34)7 to 3*2. 'Die sp gr. According to Meunier (Bull. Soe. Chim. 1919, 
is iricreasod to 3*01 by heating in a pottery 25, 500) magnesia may bo freed from lime by* 
furnace. igniting at a red heat and after cooling extract- 

It melts at 2800® {Kanolt, J. Franklin Inst.' ing with successive portions of a 10 p.e sohition 
1913, 176, 587), and on solidifying forms a hard of sucrose until the oxtriud gives ny turbidity 
enamel, which scratches glass. It is alkaline to i with ammonium oxalate- 
litmus, but is not caustic. It is almost insoluble i On account of its infusibiUiy, magnesia is 
in water; according to Fyjsonius, it requires' now extensively used m the manufacture of 
5.5,368 parts of either cold or boiling water to firebricks, esyx'cially for use in the basic Bessemer 
effect solution. This solution* has an alkaline ■ .steel proce.ss. The brick.‘< are made of crushed 
reaction. Magnesia containing Od p.c. of dead-burnt magnesite mixed with sufficient 
chromic oxide becomes slightly fluorescent after gently calcined magnesite to give jilasticity to 
ignition. ' the paste formed by mixing the materials with 

^ Mamifacture .—Magnesia is generally oh- water to permit of moulding. 'J'he bricks are 
tabled commercially by gentle but prolonged ' fired at a red heat befor^u.se. 
heatmg of the carbonate or by heating the ^ kiln described before the Ceramic Society, 
hydroxide. Since the discovery, however, of the 1918, for the dead buniing of magnesite shows 
immense store.s of oarnallite, the double chloride ^ a considerable advance on the older types, both 
of potassium and magnesium, in the saline de- for fuel economy and increased output. The 
posits of Stassfurt, sei-eral processes have been i kiln consists of one vertical chamber without 
patented for utilising the waste magnesium ‘ contraction at the hot zone. 'J’he hottest zone 
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u lined with magnoBitc brioke and other parts , oast^at^I head with 

^eSar^iio^ thtSr “§ ! rklZd^ oX a^d 

Sy aTeleSo StTnd droi^e^^ into a charging i tends to grind any lumps in the ealomed product, 

bell. It gradually descends through the doM 
burning xoiio to the cooling region, at the 
bottom of whiidi it is autoraatieally ])ushed out 
into a discharging hopper. I'ho whole process 
takes about 4(1 liours, including hours in 
the dead burning zon<‘. Air for tioinbustion is 
supplied by a fan through six dainj)cr-<‘oiitTol]ed 
openings at th(‘ bottom, nn<l }>asses upward 
through the burnt inaterial, beconung very hot 
by the time it roaches the love] of th*' gas inlols. 

A secondary systt'm ^>t air flues coiistruetod in 
the lirickwtirk (whicli 
heat the air) conveys 
air about two f-lnrds 
up the kiln and then 
downwards again in 
enter through slits 
just above tlio gas 
ports; these are only 
used as necessity 
arises. 4’lie gas is 
generated in a gus 
producer, and is 
heated by passing 
through three Hues 
before if- outers 
through the six ports. 

With good English 
coal a tempiM’ature of 
nOO"^ is attairicil. 

'the asecMiding gases 
leave the kiln at loO'’, 
a suction fan being 
used to exhaust the 
gases. 'Pho im'chani- 
oal ffrraugemouts of 
the draughts and 
procc.ss of calcinotion 
give eoni])loto eon- 
tnil. A special feature 
of iho kiln is the ro¬ 
tating bottom, (M)n- 
sisting of a conuial 



Fig. 1. 

(Fraw ‘ Engineering.*) 


also, by keeping the column in constant mot^m, 
it causes the material to descend gradually. The ; 
shaft rotates once in 40 minutes and the wear is 
very slight (Engineering, 1918, p. 619). , 

Magnesia bricks with high magnesia content, 
tested iiy resistance to crushing with increasing i 


temperature, showed a sudden fall between 
1600° and 1600®; less pure varieties showed 
a fall between 1300® and 1400® as compared 
with 1100® for ferro-chrome brick (Compt. rend. 
1917, 165, 488). 

Dolomite has also been extensively UBed for 
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the preparation of magnesia for refractorips. 
ClosRon’s plan was to mix calcined dolomite 
with a solution of magnesium chloride, when 
calcium chloride and magnesia are formed; the 
calcium (ihlorido can thou bo washed out. 
Magnesia may bo obtained from dolomite by 
caloimition at 000® aiul treatment of tho H<i]utioii 
obtained by lixiviation by atnniotuuni and 
sodium chlorides, tlie aniinonia being roetoored 
and magnesium hydroxide precipitated by 
calcined dolomiU* (U.S. Pat. 115()0b2, 15*15). 
Many other wet incthods for the rcco\'ery of 
magnesia have been employed, luit, ace<»rding 
to Wedding, magnesia prepared in the wet 
way. thougli obtained from clicap waste materials 
or by-products, is too expensive for the manu¬ 
facture of bricks. 

Magnesia, in combination with lime, also 
finds an extended use for mortar making in 
districts whei'O only magne.sium Iimestoi#) is 
available. The diilomdic limestone is burnt at 
a lower temperature than ordinary limestone, 
otherwise its hydrating pro))ertios ami eon-, 
acqueritly the quality of the mortar are impaired. 

Magnesium suboxide. A suhsiam'e of tins 
nature ajipears to be formed wlieii a solution of 
sodium or amrmmium chlorides is clei;trolysod, 
using ]K)]e,s of magnesium wire, the positive pole 
booorning covered with a black deposit. (He(‘tz, 
.1. 18h(), 172). 'I’he same suhslaiice is also ob¬ 
tained when roagnesuim is immersed in sniutions 
of '‘liloriiles of the alkalis and alkaline earths, 
common salt giving the largest deposit. I 14 a ; 
few days it disapjKiars, being replaced by tlio 
ordinary white oxide. It turns white when 
heated just below redness. It dissolves m nitric 
acid with partial reduction ol the aeul. It 
reaiUly dissolves in hydrochloru; and sulphuric 
ae.ids with effervescence, forming the ordinary 
chloride and sidplmtc (Gore, Ghem. Nows, .50, 
167). 

it is also obtained as a dark brown substance 
when chlorides of magnesium and ]nita8.sJlim arc 
electrolysed. It is witboui action on a solution 
of nickel ehlorulo in absolute alcohol (metallic 
magnesium preeipiLates nickel). It ileconijioscs 
wat.cr evolving hydrogen. It is not formed if 
oxygen is completely excluded from the electro- 
lyte Amer. Klectmchem. Soc. 27, 205)). 

Magnesium hydroxide alg(OH Ig occurs native 
as the minerar hruate, crystallising in the 
rhombohodral section of the hexagonal system. 
Tiio hydroxide is precipitated as a white j^iwdor 
when the hydroxide of potassium or sodium is 
added to the solution of a magnesium salt. 
De Schulton (Conipt. rend. 101, 72) obtained 
it in the form of flattened hexagonal prisms, of 
sp.gr. 2‘3() at 15'^, by heating a mixture of 
12 grains crystallised •magnesium chloride 
MgtJlj.OHjO, 340 grams of j^otash, and tiO c.c. 
of water, at 210“~220®. The solid residue, after 
washing away the alkali, consisted of these 
pmall crystals of the hydroxide. They were 
readily soluble m acids and in a warm solution 
of ammonium chloride. 

Magnesium hydroxide slowly absorbs carbon 
dioxide from the air. At a low red heat it 
I 0 TO 8 its water, becoming converted into the j 
oxide. This calcined magnesia is again capable 
of taking up water, with evolution of heat, to 
reform the hydroxide, provided that it has not 
been too strongly heated Magnesium oxide I 


obtained by igniting magnesite at 1460“ was 
only hydrated to the extent of 70 p.c. in fi years. 

Magnesium hydroxide is much used upon the 
Continent for extracting sugar from molasses; 
it forma an insoluble granular oryptalliiio mag¬ 
nesium snocliarato, wliiidi wlien deeomposwi by 
carbon dioxide yields pure sugar. 

Til order to mcof tins domund, the t!onsoli- 
datctl Alkali Goiiqiaiiy of Stiissfiirt manufacture 
largo qimntiiioH of rnagnosium hydroxide by the 
following process. The 3 p.c. of sulphates con¬ 
tained in the last mother liqu»'r from the ex¬ 
traction of potassium c.liloride from caniallito 
are first removed by means of a solution of cal¬ 
cium chloride. A (juantif.y “f of lime is 
then addled rather less than suttieient to deeom- 
po.so the whole of the magnesium chloride ; tlie 
preeijntated magnesia is allowed to sidtle and 
then passed through filter presses, in which it is 
thorougfily waslied. 'Phi' magnesium hydroxide 
thus obtained eontams only 0 J ]).c. of calcium 
sulphate, and i.s eminently suitable for the pur¬ 
pose of tlio sugar refiner (Make, .1. Soc. (ifiem. 
1ml. 2, 145)). 

Magnesia pnqiared by heating the nitrate 
IS converted by prolonged imimsrHion in water 
into a form ot the liydroxide having the density 
of marble, but harder and more translucent. 
A similar foim, bid eoniaminated with oxide of 
iron and aluminium, iniignoBium carbonate and 
sand, 1.1 also obtained by action of water upon 
the product of the ignition of commercial mag¬ 
nesium chloride. 'I'bis singular property of 
hardening is only possessed by magnesia pre¬ 
pared by ignilmn of Mn' nitrate or chloride at a 
moderate red heat. Aft<^r heating to whiteness 
It appeals to lose it. Ignition of native mag¬ 
nesite at the lowest possible temperature also 
yields a product possessing the same hydraulic 
property, but the basic carbonates of ooDflinerce 
yield a jierfectly soft hydroxide. The paste pre¬ 
pared from calcined magnesite and water 
hardens in about half a day, and afterwards not 
i only withstands the action of water, but actually 
j acquires in contact with it the hardness of the 
best 1‘ortland cement. 

! A mixture of magnesia with a concentrated 
Isolation of magnesium chloride of sp gr. 1*1C- 
! l'2fi hardens in a short time to a compact moss 
' of ba.sic chloride, which resists the action of 
; water. The pasty mixtyr^ is very plastic, and 
is capable of binding more than twenty tiroes its 
weight of sand. • 

Magnesium chloride MgOl^ is one of the 
salts present in sea-water and in the water of 
many spriiig.s. Jt also occurs combined with 
potassium chloride 111 largo quantities as the 
mineral carmlliic MgCUj'KCl,61-ljO in the 
Stassfurt deposits. It is formed when magiie- 
sinm burns in chlorine, oi»when a stream of 
, chlorine is passed over a heated mixture of 
magnesia and carltui. It is also produced by 
dissolving the metal, oxide, or carbonate, in 
hydrochloric acid. On concentration of the 
solution roonoclinic crystals of the composition 
MgOL.OHjO separatceiut. Crystals of this com- 
l^iHition have also been discovered, associated 
with carnallito and rock salt, at St^sfmi, and 
named hlschr/jitc. On attempting to obtain the 
anhydrous chloride by ignition of these crystals, 
hydrochloric acid is evolved in addition to 
water, and a portion of the chloride becomes 
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converted to oxide. If, however, the crystals 
be heated in a current of hydrogen chloride, 
the anhydrous chloride is obtained without the 
formation of any basic salt (Hem])cl, Bcr. 21, 
897). Anot^icr method of obtaining the anhy¬ 
drous chloride is to add annnonium chloride 
to the solution, evaporate to dryness, and 
ignite in a platinum dish 'Fhc magno'-ium 
ammonium cldoriile thus formed loses its water 
without anj' decomposition of the magnesinm : 
chloride, and the ammonium chloridt' can then ' 
be sublimed out. leaving the anhydrous magne- • 
slum chloride as a clc-ar fused mass, whii'h on ' 
cooling solidifies to a crystalline solid. Magne¬ 
sium ehlorir’« is a solvmil for the crystallisatnin 
of metallic oxides. Octaliedral (Tvsla]^ of ^ 
‘magnesia-red’ can be obtained liy heafing 
Mgt’Jj wUb cobalt sulphate. By a similar 
process, nickel sulphate gnes ri>.e to optahedial 
crystals of ‘ magnesia green.’ 'I'he crystals ar<*, 
a mixture of the two o.xidi's. lOO ])arts t*f watiT 
at 0® dissolve r>2'2 jiaiis of the anhydrous 
chloride, with (Mmsidenilile evolution of heat, 
forming a solution of sp.gi’. I •.'ftiltf at IT)'’ (khigel, 
Bull. Soc. ehim. [ii.) 47, 3IS). At the ordinary 
temperature 100 iiart.s of water di.s.^olve about 
130 parts, and at 100” about 3tl0 jiarts. 1'liis 
Solution on cooling again (h-posits the crystals. 
Magnesium chloride solution ])ossesses a bitter 
taste. 'Pile solid, either anhydrous or cry.^tal.s. 
is veiy dolKpiesceut. it combines directly, witli 
evolution of heat, with methyl and otliyl ulcoliol^, 
the Holntions yi<'lding, on cooling with me. 
crystals of Mgf'in.OCII jOJi and Alg('L,0(^lU()H, 
respectively. 

('omwfmol jnr 2 >oK!ltoii.- Th(' last mollier 
liquor obtained in tlic j)ro(ess of jircpariim 
potassium chloride from the carnalhtc at 
Stassfurt sii]>plics as hy-jiroduct large (jiniiitities 
of mjfgiiesium chloride. 'I’he liquor 1ms a sp.gr. 
of 1*32, and contains no less tiian ,35 ji.c. of the 
chloride. Tt is first <‘va])orated to sji gr. 1 -34. 
when potassium and sodium chlorides and mag¬ 
nesium sulpliute scparati^ out. 'J’he Ifot eon- 
centraU'd liquor is then run into casks, where, 
on cooling it solHlities to a white translucent' 
mass containing 50 ji.c. <»f magnesium chloride, 

I ri this stills it is largely cxjiorted to this country, ; 
being u.scd by cotton-spinners as a thread 
lubricator (Hake,,!. Soe. ('hem. Ind, 2, 149). 

Lanquetin, in hHSl, ])atented (D. 11. P. 
20390) a process for ])rejiaring magnesium ; 
Chloride by introducing burnt magnesite or 
dolomite into a solution of ealcium 

chloride, and driving carbon dioxide tlirough * 
the mixture* when calcium carbonate separates 
out and magnesium chloride remains m solution. 

Gochrane and Brninley, <’f Middlesbrough 
(Eng. Pat. 15408, Nov. 18k»i). charge hydrated 
magnesium carbonute into a series of closed 
vessels through which u solution of calcium 
chloride is circulated, carbdn diipxide being at 
the same time injected. Magnesium chloride 
is in this case gradually formed in solution and ' 
calcium carbonate jiroeipitated. 

Magnesium chloride n.ay also 1 h' extracted , 
from the mother liquor of the potassium ohl|t- 
rate manufacture (Muspratt and Eschellmann, 
Widrios, Kng. Pat. 1900, Feb. 1885). 

Magnesium chloride unites with the alkaline 
chlorides to form crystalline double salts. 

Magnesium chloride solution is preferable to 


brine as a refrigerating medium. As it Is more 
viscous than brine it is less liable to spray or 
splash, and its freezing point is lower than brine 
of the same concentration. 

Magnesium potassium chloride 

Mg('l2-K(3,3H.,0 

the earnallitc of Siaasfurl, crystallises in colour* 
less deti(jue.seent rliombie jirisms. On heating, 
the water is driven off without loss of chlorine, 
the anhydrous mixture fusing at a red heat. 
'Pho native earnallitc used at Stassfurt for the 
extraction of }>otassiuin and magnesium chlor¬ 
ides 1ms the following average eoinposition 
(Hake, .) Srie, (Jheiii. Ind. 2, 149) : 

KCl . . J(;-2 ! . . 0-2 

Mg(3., . . 24-3 ; Clava’idt'aCO, 2'1 

MgS()4. . 9-7 ! 1T..() . . 28-8 

NoCl . . 18-7 

Magnesium ammonium chloride 

Mg{'l,NH/:i,(Jli20 

i.s deposited from mixed solutions of magnesium 
and nmmonmni elilorides in small rhombic 
er)'.stal,s. 

'Pile eorresponding sodium salt ap]»ears to 
contain iinly one nioleeiile of wati*r (Poggialc, 
Compt. rend 20, 1I3('). 

Magnesium calcium chloride, TorhytinU. 
2Mg(!l,.-('ii(l2.l2H,3b is also found at Stassfurt 
in ileliqueseent yellow ish massi's. 

Magnesium oxychlorides. When highly 
<;aieine<l magnesia is trentoil witli a strong 
solution of magnesium ehloride. it dries in a 
few' hours to a hard ina,ss of oxychloride, capable 
of receiving a polisli, A sample prepared in 
this manner, and Imrdcncd by 0 moiilhs’ ex- 
posuiv in tlio air, was found to consist of a 
mixture of Mg(with a co;n])onnd 

Mg{32-5Mg(>.l7ir:t) 

On heating to 180'’ it was converted into 
Mg<3/5.Mg( ).0ll jjO- By prolonged treatment 
with water the whole of tlio magnesium chloride 
w'ns extracted, and the eom]Kmnd 2Mg()-3Il2tt 
left. 'Plii.s lesidiial liydnite is a conqiact solid 
as hard as sandstone, po.ssossiug a brilliant 
surface, and taking a higli polish ; its eohesive 
power IS not impaired by either cold^i'j hot 
water (Bender, Annafen. 159, 341). 

.Magnesium oxychloride is Tjic essential eon* 
stitueiit in Sorel cement, usually made by adding 
a solution of magnesium chloride to finely ground 
calcined magnesite; when mixed with various 
filling materials, such as w'ood flour, cork, talc, 
silica, asbestos, elay, marble dusl, or sand, it is 
frequently used in the eon.struction of ‘ sanitary 
flooring.’ It was slated that magnesia cement 
was used by the (leruiaus for gun emplacements, 
as it sets quickly. i}roducc.s a smooth, even floor, 
which m^,y be laicTin largo areas without crack¬ 
ing. and attains groat strength sooner than 
Portland cement. 

The crystalline deposit frequently found in 
bottles containing magnesia mixture (magnesium 
sulphate or chloride, ammonia and ammonium 
chloride) consists of a hydrated oxychloride 
MgCL*5Mg0,13H20. On washing the crystals 
with a large quantity of water the whole of the 
chloride may be removed, the residue consisting 
of hydrated oxide (Davis, Chem. News, 26, 268). 

By mixing freshly calcined magnesia with a 
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solution of magnesium chloride in a Hask well 
corked and nearly tilled with the liquid, and 
heating on a water-bath with frequent agitation, 
needle-shaped crystals of an oxychloride are 
formed. When washed and dried at 110'^ they 
consist of Mgt'ladOMgO.UHgO. The dry 
crystals are not attacked by carb(«i dioxide, but 
when moist arc dccomi)osed (Krause, Annalen, ' 
10.'), 38). 

When 20 grams of calcined magnesia are 
boiled with a solution of 400 grams magnesium 
chloride m 500 grams of water and the solu¬ 
tion tiltored, the filtrate deposits needles of 
MgCL*MgO,10H^U. When dried iw. V‘ini6 they 
arc eoiivertod into Mg('l^-MgU,bH^U. Koth salta 
arc <lecom]>ose(l by water and alcohol (Andre, 
(Vinijit. rend. 91, 444). 

When erystalliserl magiu'sium i-hlorido is 
heated in air, an oxychloiKle of variable com- 
jiositioii appears to be left, a ])ortion of Jhc 
chlorine jiassing away in the form hyuro- 
ehlorii! acid. If the eliloride be heated to a 
sufli<'ient!v high lenqx'iaitiri' in a currenl’ of 
air a certain amount of fn'c ehlonne is evi*!ved ; 
and jf a. mixture of hydrogen clilorule and nir 
)s jias^ed over the lieatcd chloinh'. e.spi'cially 
111 presi'ine <4 n little flee magnesia, a la'ger 
(|naiiti{y of cldoniu- is <ilitamed in th(‘ free | 
slate. Till'-- iciM'lion forms the ha'^ls of the 
Wcldon-lVchim'V ])n)cess of inanufaclunng 
ehloriiK', as workial at Salmdres (Weldon, Ihig. 
Tat. 9307, .hine, JHHf; 11930, Aug. 1884). 
A solution of magnesium eldoruh' is first evajyi- 
rated down until it consi.sts ap)n'oMmately of 
MgO^.till 4) This is then converted to o\y- 
chioride by addition of lA ei|niviileni.s of cal¬ 
cined mugiie.sia. 'I'hi.s owehloiide is crushed 
and sifted, solul }neces free from dust being 
eventually i;hosen not huger than the size of a 
walnut. It is next h(‘aU‘<l to removi* a portion 
of its watei. anct finally deeomjiosed by heating 
to a high teinju'ratuif m a curixuit of air. Tlic 
furnace cmjiloyed for the lattc'r ]>rocoss x con¬ 
structed up<»n the princqde of a baker's oven. 
It consists of a series of \crtieal chambers, the 
thickness of the divuling walls of which is 
greater than the widlli of the spaics between 
•them. IMore charging tlu‘sc spaces witli the 
small lunijis of oxychloride, i>roducts of (ami- i 
busti(l¥I^arc passed thr^gh them until the 
dividing walls raised to a high temperature. 
After charging, the oxychloride becomes lieated 
by contact with the walls, and a mixture of 
chlorine, lutrogen, excess of air, and hydrogen 
chloride is evolved. 'J’hc hydroehloru; acid is 
condensed in ordinary towers, and the remain¬ 
ing gases pass on the bleaeliing powder 
chambers. The magnesium remains as oxide, 
the oxygen being furnished by a regulated supply 
of air, and is afterwards partly dissolved in the 
condensed hydroehlono aeid^or }»reparation of 
more oxychloride (Weldou, J. Soc. Glfem. lad. 
4, 175). The reactions occurring in the process 
are probably as follows : 

(1) Hj()-hMgCl2=MgO+2Ha 

(2) 2H('l+()-=H«0-f-Cl2. 

(3) Mg(U,-hO-MgO-l-C4. 

(Kingzett, J. Soo. Chem, Ind. 7, 286). 

Nithack (D. R. J*. May 29. 1884) decomposes 
magnesium chloride for the preparation of 
chlorine by injecting a tine spray of the solution 


into heated chambers, when the same reactions 
occur. 

Moud (Brit. Assoc. 1896, 741) modified the 
process for recovering both ammonia and 
chlorine from the ammonium chloride produced 
in the ammonia soda process. Magnesia is mixed 
with a little china clay and potassium chloride to 
facilitate the production of a perfectly anhydrous 
chloride. The mixture is made into pills and 
placed in towers, 'riieso aro heated from a pre¬ 
vious operation to 300®; the ammonium chloride 
va]>nur is jiasacd through, producing ammonia 
and magnesium chloride. Air at 600® is then 
circulated, wIkmi free ehlonne is liberated and 
magnesia loformed. Hence the prq^ss becomes 
continuous. 

Henuite (J. Soc. ('liom. Ind. 7, 726, 737) 
prepares chlorine for blcacliiiig purpose.s by the 
eliM'trolysis of a solution of mngne.sium chloride. 

Magnesium bromide MgRr^ (m.p. 71T) occurs 
in 80 a-water and many salt .springs. It re¬ 
sembles the clilonde, being deposited from a 
solution of magnesia in hydrobromic acid in 
needles of AlgHr^.dM 4), which behave like the 
chloride on heating. 

Magnesium iodide MgU also occurs in .sea- 
wafer and saline springs, and may be obtained 
by dissMUnig magiu'sia iii hydriodic acid, when 
(lcli(jU(‘sccut crystals scjiaratc, which readily 
evolve lodim' on warming. 

Magnesium fluoride MgK- occurs ualivo 
the mineral svlluxic in colourless (juadratic* 
crystals, ami may ho ])rcpared in an amorphous 
form by evaporating magnesia with cxcckh 
of hydrofluoric acid. When the amorphous form 
is fused with sodium chloride and gradually 
cooled, it is obtained, after washing with water, 
in crystals resembling those of sellaite 

h'cldmaiin (Kiig. Vat. 15295, Nov. 1887) 
patented a process for an industrial prepamtion 
of this salt Magne.sium chloride is treated witli 
calcium fluoride in either the dry or the wet way. 
In tlio former tlie fluorspar is mixed W'ith the 
an}iy(lr(#is‘ chloride in excess, and the mixture 
fused at a rod heat, when CaCl^ and MgF^ are 
formed. After cooling, the mass is lixiviated, 
when the magnesium fluoride romains behind. 
In the wot method ])owdcrcd fluorspar is sus¬ 
pended in a concentrated solution of magnesium 
chloride and heated till double decomposition 
occurs, water being added make up the loss 
by evaporation. It is then allowed to cool, when 
the mass solidifies and is lixiviated as before!? 
Any undecomjKiBcd calcium lluoridc may bo 
removed by clutriation from the specifically 
lighter magnesium fluoride. , 

A double fluoride of inagnesium and sodium 
MgF-^'NaF is obtained in iiisoluhle cubical 
crystals by fusing magnesium chloride with a 
large e.xccss of sodium fluoriiiki and chloride and 
allowing to cool slowly. Also in the amorjihous 
state by boiling absolution of sodium fluoride 
with magnesia. 

Magnesium carbide has not been isolated 
, in the pure state. It is obtained mixed with 
carbon by heating magiiosium jiowderto redness 
in the vapour of benzene (Parkinson) or acety- 
, lc*ie (Herthelot), According to Moissan, it is 
; completely decomposed in the electric furnace, 
' which explains why magnesia can be fused in a 
carbon crucible without reaction (Ann. Ohim. 
Phys. [vii.] 16,151). 
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Novik (Zeitsch. physikal ('hem. 73, 513) 
obtained the carbide by heating magnesiuDi in 
a tube at a definite constant temperature and 
assing over it a definite volume of a gaseous 
ydrocarbon. Ho obtained two carbides, MgCj 
and MgjO** their decomposition with water 
proceeds according to the equations 

Mg(:2+2H„0-Mg(0H)3+t',H, 

MgA+4ll30--2Mg(()H}j-l <'3H4 

'J'ho formati<jn of Mgf.'a by aoetylcne (commences 
at 400^0. At 400° the j)resetico of Mg.X'g in the j 
product can be })r(tvcd and the proportion ■ 
inorcasos up to 515'^ 

Magnesium carbonate MgfX)^ occurs iiaiiv<-, 
as inagnc-^if-T in rlioiubolicdrul i rystals iso- j 
inorphuus witli those of calcile. It is also found | 
in large compact nr granular masses, und, ; 
iiasociaU’-d with calriuin carboiiaii*, as dolovnir 
(Mg(/a)CO;,, in imnionsc ipiantities alU jvc'-r the 
world, '^rhe amorphous precipitate formed when 
an alkaline carbonate is added to a Roluti<ui of a 
magnesium salt haw the <;ornj)ositiou 

Mg('0:,.2H20 j 

but after standing an liour or tWi» at a tom- j 
peratnro below hi‘% it becoines coiivortcfl into 
tabular crystals of MgO< >^,,51130. If the ieai* 
peraturo exceeds 'Z'Z'' it beomes converted into 
prismatic crystals of Mgl'03,311 nth Ih'twcen 
and 22'^ both tlie.se hydrates ar<! formed. 
'Iho amorphous precipitate is. ileeomjioaed by 
water into a basic carbonate of the eonqiosition 
5Mg() 400-3,UllaO 

or 5(MgC!0a,2H20), in which one molecule of 
MgOOj has been I'ouverted into Mg(OH)n. 3 his 
basic carbonate absorbs (;arbon dioxidi^ from 
the air, and becomes Mg00.3,2H30 again (l^ngel, 
Compt. rend. 100, Oil). According to Marignac, 
nornutl magnesium carbonate is also lorined by 
the action of magnosium chloiKlc i»n calcium 
carbonate. 

When the precii>itatcd carbonate iw susjiended ; 
in water and diswolved by the jiassage t.rf a,cuiTent | 
of carbon dioxide, on eva})orati<in of the solution j 
the anhydrous carbonate is precipitated in ] 
niiuuio crystals isomoiqihous with aragonite, the : 
rhombic form of caieiuiu carbonate. On the ; 
other hand, when mixed solutions of a soluble | 
magnesium salt and an allvaliuo bicarbonate i 
BUpesrsaturated with,carbon dioxide are inclosed 
in a strong vessel closed by a cork, through | 
Vhich tho carbon dioxide is slowly allowed to ! 
escape, microscopic rhonibohedroiis of the 
anhydrous carbonate resembling those of native 
magnesite apd caleite are dejiosited. 

Both the natural and artificial varieties id 
inagiiosium carbonate give an alkaline rcaetiou 
with litmus solution. 'J’hcy dissolve slowly in 
acids with but littlt effervescence. 

Magnesium carbonate dissolves in water 
saturated with carbon dio»idc. According to 
Engel (Compt. rend. 100, 444, 1224) tho solu¬ 
bility at constant temperature is inoportional 
to tho cube-root of the pressure of the carbon 
dioxide. The results of a large number of experi¬ 
ments agreed with those caleulati'd from tl^e 
general formula or whore x 

represents the pressure of carbon dioxide, y the 
quantity dissolved, and k a constant =0'03814. 
At different temperatures under atmospheric 


pressure the amount of magnesium carbonate 
dissolved is proportional to the coefiSoient of 
solubility of carbon dioxide at the particular 
temperature. I'ho following table is given by 
Engel and Villo (C'ompt. rend. 93, 340) showing 
the solubility first at constant temperature and 
second at constant pressure ; 


Atmosplugfs 

jiresburo 

'I’cniperaturo 

MaCOa dissolved 
ill a litre of water 

1-il 

]«'5 

25-7H 

2T 

iy'5 

:)3-ii 

3-2 

19*7 

37-30 

4-7 

100 

43-CU 

5-() 

lft-2 

40-20 

(>•2 

H)-2 

4S-61 

7-5 

iO-o 

51-20 

!)-0 

18-7 

50-59 

min. prc'sduie 
751 

13-4 

28-45 

753 

19-5 

25-79 

752 

29 3 

21-94 

754 

45-0 

15-70 

751 

()2-0 

10-3.5 

7(;5 

70-0 

8-10 

7<)5 

82-0 

4-90 

755 

00-0 

2-40 

75.5 

100 0 

0-00 


When the solution in eaiborne acid is lelt to 
evaporate wjiontaneou.sl), or kept in a partially 
eU'sed Howl: for wunie time at 50', it diqnisits 
' small hexagonal pri.sms of Mg(\)3,3ll20, which 
' elfiercwcc lu air, becoming i*paqiie. At a winter 
! temperature the same wolution ilepoaits inono- 
I'linie jnisms of iMgCTl^.bHaO. Warmed with 
water at 50”, thev aic couvi'ited into tho tri- 
hydrate. whilst on boiling witii water they lose 
earbonie acid and bcconu* ciin\^erled eventually 
into tho basic carbonate 

^ 2MgC().,*Mg(Oll).3,2IIa(b 

Saturated solutions of magnesium hydrogen 
carbonate deposit between 05' and the boiling 
point a basic eaibonate, 4Mg(),3C03.fiH30, in 
the form of slender needles. Between C6' and 
55°, the basic carbonate separates, mixed with • 
the, tnhydrate, MgCOj,SHgU, below 55°, the 
trihydrate alone is farmed down to al?3at (> , 
and at 2 the unstable pentab*:'lrato is formed 
(l/>itmoicr, Z. Kryst. Min. 1909, 47, 1(4). 

B^slc carbonates. A basic carbonate of 
the composition 3Mg(‘U3‘-Mg(0H)j»3H3O occurs 
native as /n/drom(i(f)ic<’<it^ in small white mono- 
clinic crystals of sp.gr. 2T4-2T8. A salt of the 
same composition is also obtained by mixing 
magnesium sulphate with excess of a hot solution 
of potassium carbonate and boiling the precipi¬ 
tate with fresh quarftities of water so long as 
acid carbonate dissolves out. Also by boiling 
a aaturafled solution of the acid carbonate, and 
twice boiling the precipitate produced with fresh 
quantities of water. When dried at 100” in tho 
air it absorbs carbon dioxide, and is converted 
into 5MgO4C0a>5HaO. 

Another basic carbonate of tho composition 
2MgCOa-Mg(OH)*,2H20 is obtained as above 
from the solution of tho normal carbonate in 
carbonic acid. Also, according to Fritzscho 
j (Fogg. Ann. 37, 310), by precipitating magne- 
! Siam sulphate with a very large excesa of sodium 
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carbonate and boiling till granular, then washing 
rapidly three times mth fresh boiling water. 

Commercial carbonates. The commercial 
preparation known as magnesia alba u a basic 
carbonate of slightly varying composition, 
■according to the conditions of production. It is 
usually prepared by precipitation of either the 
commercial sulphate or chloride of magnesium 
with sodium carbonate. As thus obtained it is 
a very liglit bulky powder, and is distinguished 
as magnesia alba Icvts. If the procipitatjon 
is carried hn at a higher tera])craturo by the 
addition of one volume of a cold saturated 
solution of sodium carbonate to a boiling 
mixture of one volume of a saturated solution of 
magnesium sulplmte with thirty volumes (d 
water, Iho precipitate washed with hot water 
and dried at 100°, a densi^r form is obtained 
known os magnesia alha ■pomkiosa. The com- j 
position of tlie light variety is generally given^s 
the same as that of hyciromagnosite | 

.'iMgC 03 -Mg( 0 [!)j.;iH/) i 

Bcckurts (Arch. Pharm. [in.] 18, 420; 111, l;j), i 
however, deduces Ihe formula 

5Mg(:03-2iMg(UH)2,7Jl20 
hut also IViund several speciini'iis ()f tlie hydro- 
magnesite formula, but containing 411.0. Jvraut 
(Arch. Phann. [ni.] 20, 180) gives 
4.Mg(T);Mg(OH), 

as the correct formula. Jfenco it appears likely 
that different sain])lcs vary somewhat in cou^- 
position. As r(',]»i’es(‘nting the composition of 
the heavy variety, Bi'churts (l.r.) gives the 
formula HMgt’O, Mg(OH).,4H .0, wliich only 
differs from that of hydromagnesite by one 
molecule of water, 

.4/ugnrMU alba kms and powhrosa yhdd 
upon calcination I'jirre.sponduig light and heavy 
varieties ol the ftxicle. known in ciunmcrce as 
imujnrsw asia let is and magnesia nsla pon/lcrosa. 
y Another method of preparing maipicm-ss alba 
was patented by Pattiuson. 'Hns consists in 
treating slightly ignited dolomite with water and 
earbon <Uoxido under a ]ire8sure of ">-(» atmi»- 
spherea. So long as any magnoannn carbonate 
remains undissolvcd, the calcium carbonate 
is unattacked, tiie aeid magnesium carbonate 
being httfeh more readily*formcd. 'I’his solu¬ 
tion of hydrogw magnesium carbonate is 
decanted from tlic calcium carbonate and 
heated by injection of steam, when magnesia 
alba is precipitated a.s a white bullcy powdei of 
loose texture. Lliiigniled doloiniU' does not 
yield any acnl carbonate with carbonic acid. 

Brar^ey and Cochrane, of Middlesbrough, 
patented a process (Eng. Pat. 13702, Oct. 188ti) 
in which magnesia is adi^od t.o the solution 
of an alkaline bicarbonate or scsquicarbonate 
and the mixture heated Unft agitated. The 
alkaline carbonate is converted to a* normal 
carbonate, and hydrated magnesium carbonaU‘ 
formed. The operation is performed in closed 
vessels to prevent loss of carbon dioxide. - 

Magnesia alba can abo be profitably pi^iared 
from sea-water (Outzkow, Dingl. pofy. J, 270, 
30). The mother-liquor (bittern) obtained after 
extraction of common salt (bay-salt) is treated 
with milk of lime ; the precipitated magnesium 
hydroxide b allowed to settle, the supernatant 
liquid removed by decantation, and the precipi* 


tate stirred up with water through which a 
stream of carbon dioxide is passed. The hy¬ 
droxide is dissolved as acid carbonate. The clear 
solution is then heated rapidJv to 70®, and after¬ 
wards more gradually to the boiling-point. The 
precipitated magnesia alba is filtered off and 
dried on plates heated by steam. If necessary, 
the original mother-liquor may first be freed 
from organic matter by trealraont with alum. 

Magnesia alha is almost insoluble in water, 
but dissolves readily in bolutions of ammonium 
salts owing to the formation of soluble double 
salts of magnesium and ammonium ami am¬ 
monium carbonate. 

Magnesium ammonium carbonai^ 
MgC(.)3*{KH,)30O3,4HaO 
separates in rhomboliodral crystals from a mix* 
turn of cold aqueous s(»luii(>us of magnesium 
suljjhate «i cliloride and excess of ammonium 
carbonate and free uinmonia. 

Magnesium potassium carbonate 

Mg<M)3-K,(:03,4H./J 

is obtained in small rht>tnbic prisms when 
ne.sia alha is iligo-stotl with a solution of acid 
jiotasstuni (•ar])oiiate for lo hours at (i0°-70“. 

A salt of the coin]H)siUon 

is obtained in large crystals from a cold aquetjus 
niixturo i>f magnesium chloride or nitrate with 
excess of acid potassium carbonate. Engel 
(Oompt. rend. 100, 1224) obtained the same salt 
by decomposing a solution of the acid magne¬ 
sium carbonate with potassium bicarbonate, and 
also by direct action of the potassium bicarbonate 
upon normal magnesium carbonate. 

M^neslum sodium carbonate 
is similarly obtained in small anhydrous crystals ' 
by digesting magnesia alha with sodium qjpar- 
btiiiatc. 

Magnesium nitride MggN*. Magnesium com- 
bines directly with nitrogen when heated to 
redness.^ Jt is also one of the products of the 
in(;om])ietc combustion of magnesium m air. 
Matignon ((kmipt. rend. 1912, 154, 63) states 
that oxygen ih absorbed at a temperature of 
and nitrogen at 670®. At the latter tom- 
jieraturo and atmospheric pressure, oxygen is 
absorbed at least 1000 times more rapidly than 
nitrogen. 'Phe nitride is o.og^veniently obtained 
by the interaction of finely divided magnesium 
and ammonia. From the heat developed when* 
the nitride is decomposed by dilute sulphuric 
acid the heat of formation is i^elculatod to bo 
-f-119*7 cals. It is a greenish-yellow amoi^hous 
body which decomposes slowly in numid air, 
yielding ammonia and magnusia, rapidly in 
contact with water with elevation of tempera¬ 
ture. Hydrochloric and nitri^j acids decompose 
it yielding ammonia and the magnesium ^It. 
With sulphuric acid it yields sulphur dioxide and 
magnesium sulphate. Argon does not combine 
with magnesium. 

Magnesium amide. Anhydrous liquid am¬ 
monia dissolves magnoiium to a slight extent, 
producing a blue solution which decomposes 
grtdually with the formation of the amide and 
the liberation of hydrogen. 

Mixtures of liquid ammonia and acetylene 
react with metallic magnesium'at the ordinary 
temperature, and on evaporation of the solution 
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the crystalline compound Mg(^2,(>8H8,5Nfl3 is 
obtained together witli ethylene and a small 
quantity of ethane. At atinospln'ric jiressurc 
this com})ound Iohch a portion of its ammonia 
when the temperature reaches 2° and is con¬ 
verted intb the compound 2MgOi.,2(‘2ll2,7NH3 
which is stable up to at which temjicrature 
a<;otyleric and ammonia art^ given off, leaving a 
residue consisting of magnesium amide and 
nitride, together witli a little curbide (J. Pliys. 
tJhom. 18, 85). J^otassinin ammond-nuignesiate 
IS obtained by the action putassaimde on 
magnesium amide in liquid aiuiuonia solution 
(J. Amer. ('hem. Soe. 57, 22P0). 

Magnesjum nltrai'e (MgCNO;,). c»ccurs m the 
iiiothor-li(jU(>rs of the sail petre manufacture, and 
also fj-oqueidly in well-water, it may readily 
I»e [irejiared by disHolving viw/mi^ia alha in nitric 
acid and cvajioratmg to small bulk, when mono- 
clinic prisms and needles of the liy^iated salt 
Mg{Nt) 3 ) 2 »bJ] 2 () separate out. 'I'liesc are soluble 
in half their weight of cold wat<T, and also m 
nine times their weight of alcohol of sp.gr. 0 84, 
with which niagncHium ml rate forms an alco- 
holate of tlie coinposiiion Mg(N 03 ) 2 .b(’ 3 Hft(h 
When dried <iver sulphuric, and tlic hydrated 
salt losc's four moleculc.s ol its water, and at tlie 
tem[K!rature of melting lead another moleeule is 
e.volved, leaving the suit MgiNOalj.H^O. AVheii 
this latter suit is heated to ii still higher leiii- 
peratuiT- tb(5 last molecule of water is given off, 
togetlicr with part of the nitnc acid, and a tri- 
magnosium nitrate Mg^lNO^)., analogous to tho 
tri-orthophoHj)hate, is loft. 

Ml^neslum borate. Wlien magnesium oMilo 
in slight excess is heated with a mixture of hone 
anhydride and potassium hydrogen tlumido in 
molecular proportions, the l>oratu 
obtained in transjiarent acicular crystals wluch 
are^oluble in inorganic acids but not in acetic 
acid or water. 

Magnesium phosphide Mg^Vo may be ob¬ 
tained by heating mugnosium filings with red 
phosjihorus (Parkhisun)iir by [lussing plpisjihorijs 
vapour over niagnesium filings, healed to red¬ 
ness, ni a current of carbon dioxuli*. Cbmlier 
obtained it crystalline by heat ing red ])!u*sphorus 
and magnesium in a graphite boat, then driving 
off tho excess of })hos])horus in u current of 
hydrogen (Compt. rend. 128, )1(>7). It ilecom- 
poscs water, yielding phosphtireilcd hydrogen 
and magnesium hydroxide. 

Tri-magnesium orthophosphate is 

found in tho ashes of jilants anti animals and 
combined with thmriue occurs iii nature as 
U'aqneritc Mg(i\lgF)Pt) 4 . It may be, jirejiaied by 
adding magnesium siilpliate in excess to a solu¬ 
tion of trisodiura phosphate ami boiling. Jt i.s 
a white amorplioiia powder containing blljO, 
which on calcinj^ig loses water and becomes 
phospliorescent. 

Dl-magnesium orthophosphate Mg 2 H 2 (P 04)2 
ia formed by precipitating a solution of a mag¬ 
nesium salt with normal sodium phosphate. If 
the solution is dilute it separates in hexagonal 
needles containing sevfai molecules of water. 
It occurs in tho fwces of man {ef. Balareff, 
Zeitsch. anorg. Chem. lfH8, 102, 241). ^ 

Ammonium magnesium phosphate 

MgNH4P04,(}Hj,0 

is formed as a crystalline precipitate when 


i sodium phosphate is added to an amminuacal 
; solution of a magnesium salt. The precipitate 
i is almost insoluble in water and still less so 
jin ammonia. It serves for tho quantitative 
estimation of both magnesia and phosphoric 
acid. The compound occurs in nature in well- 
formed crystals known under the name of 
struvite. 

Magnesium pyrophosphate Mg-iPaO- is ob- 
j tained by igniting either aniiiionium magnesium 
phosphate or the acid phosphate. 

Magnesium sulphide MgS is formed by 
heating magnesium filings in the vapour of 
, sulphur oi sulphureited hydrogen. So obtained 
it is a grey ainoijihoiis material which is difli- 
cultly fusible even in the electric furnace 
(Monrlot, Conqit. rend. 127, 180). Tiede (Per. 
101(1, 40, 1745) states that the suljihidc ]ire- 
pared by the mi'thod of liloiirlot contains only 
8^).c. of sulfihur. Kcicliels’ process of licatmg 
I niaguesiuiii in a current of hydrogen followed 
by liydritgmi mixed with sulpliiir gave a jiroduct 
containing 50 to 50 ]».c. .sulphur. This wa.s 
imrified by heating it in a highly evacuated 
(]uart/. tube to ()00-^700" tnr two hours, when 
the excc.sM of metal volatilised. Jt was also 
obtained by boiling the crude suljihido (10 grams) 
with flesh alisolutc (diier (100 c.c.), ethyl 
loflido (10 grani.s), and a crystal of iodine for 
three liours, moisture being rigorously excluded. 
The raetal di.s.solve;i in the alkyl loditlo whilst 
tlio sulphide IS uiiaOectcd. 'J'lio ])unfit’d ?uil]»liide 
yas washi'd with other and diied in a vacuum. 

It is .m amoiphous pow'dcr of reddish-white 
Colour and feebly iuminesicnt after exposure to 
daylight or the arc light. Jniminosity is bt'st 
excited by rays of long wave length. Radium, 
X-, and ultra violet rays did not excite H. 
When exposed to cathode rays inagnesium 
sulpiiide shows a bright blue ami red thiorescence 
with a feeble after-glow. ]\ldgnc8iuiii sulphide 
containing bismuth exhibits an intensely blue 
phospliorescencc which is excited by daylight or 
arc or mcreiyy-vapour light. Ppecimciis con- 
taiiiuig antimony have a delicate yellow colour 
, and a persistent, intensely yellow-green phos¬ 
phorescence after excitation by daylight or 
jiarticulariy by exposiuc to cathode rays. It 
IS (lecomjiosed by cold water with the formation 
of magnesium liydrSgen suiphnle. iTT* warm 
water it is said to form poljNAilpbides, and on 
boiling, hydrogen sulphide is evolved leaving 
1 onlyrhydrated magnesia. 

' Magnesium sulphite iMgSOa. When water 
; containing magnesiiiiu hydroxide in fiusi>ension 
' is saturated with .«ulphur dioxide, the solution 
I concentrated in racuo at a teraiM>rature below 
; 100’' and tlien ulh-wed to cool, rhombohcdral 
i crystals of MgSOjjbH^f 1 arc deposited {Hartog, 
j (.\>mpt. rend. 104, lV)5). 

I A basic ma^eaium sulphite of the com- 
I positioif .MgSOa-2Mg(Oll)2, similarly prepared 
; by passing sulphur dioxiile into w'ator holding 
! magnesia m suspension, is used in sugar fac- 
i tones (Rergreeii and Licht, Ried. Centr. 1884, 
1201). '.riie bisulphite is prepared by passing 
i sulphur dioxide uito a solution of the sulphite 
or by the action of sulphurous acid solution on 
magnesite. Solution of the bi.sulphite mixed 
with sulphide are used for extracting cellulose 
from material containing lignin and j^ctic 
I substances. Magnesium bisulphite is said to 
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have mure aolvont action on iho free reuiiis of 
wood than lime. It in more stable than calcium 
bisulphite and dissolves the non-cellulose 
matter more <!ompl6tply. 

Magnesium sulphaie (/c>'ow. mlUi) MRSO 4 
owmrs in the mineral Icu'scntc MgS 04 ,H 5 j 0 , in 
the IStussfurt salt beds ; and as epsomUfi 

MgSO^.TH.O 

in the gypKuni (juarnes of Montinarti‘ 0 . in Spain, 
(Uule, and in the Mammoth (‘ave, Kentucky. 
Kiesenlft is oeoa^lonally foiind in rh*md)ic 
prisms, but more generally occurs in gratuilar 
masses. KjisoiniU* is f«)uiul both lu tlic massive : 
state and in silky hbi'ous crystals. Natural 
crystals of epsomite more than a centimetre long 
liavo also been iound coatini^ the walls of a ' 
gypsum ijuaiTy in the IH^pailincnt of Herault, 
France. The sulphate was in a conslaiit state of 
exudation, and as it solidilied formed a lustr<ms 
coatinii of crystals upon the surfac<! of ttie 
gypsum (Do liouville, (^^nl}>t. rcn<l. 87, 70,d), 

Magnesium sulphate forms the purgative . 
principle of bitter spring wat'-rs (licnce its nani<' ! 
of Hitter .s<ilt' sm li as those ot Haili, and Scidlitz, 
Said.schut'/, .ind IhiLliia in Holiemuu At the 
three lattci ]ilac<‘> it is ol»laiii<;d by iligmiig juts ' 
into which tlie hitter water luiis, anil allowing 
the solution thus i;ollecl(‘d to evaporate in 
shallow jiaiih. 

The magnesium Milphati' ot eommerec is now 
chierty olitained from the kieseiiH- of Stassfurt. 

Tlic ciude kieserito obtained from the iipfiiir 
layers (Abraumsalz) ol Ihe Stassfuit. beds is (ii'si 
freed fiom magnesium ami sodium chlorides by 
being placed in luigc sieves, standing in tanks 
of water. Tlie two salts mentioned dissolve out, 
whilst the kiet,oiite, winch is very spaiingly 
soluble in water, falls through the nieslies of the 
sieves 111 a state of line powder, .^ny gaiigue or 
other impuntK'H gaieh as aiilndiite oi larger 
lumps of rock salt n niam hehind in the sieves. 1 
The kiesente powder is then packed into coiiieal j 
wooden moulds, where it sets to a eomjiaet ! 
solid, owing to lU eombuung with six more j 
molecule,, of watei to form epsomite. 'i’his 1 
solid ‘stone' is then dried and afteiwards ' 
pow'dered. lu this eoiidilum it eont.ains from 1 
80 to 00 }).e. of MgSO^ ami about 1 to 2 ]>.e.. of ; 
8odiiini*c-k4i)iidc. A large #|uantity is brought] 
into the market,Ui this form, 'I'lu* rest is ; 
crystallistd from water and brought into com- ' 
mcrce as lOpsoni salts ^ ; 

Another mode of manufacturing iriagncHium ! 
sulphate, which was almost universally cm- ! 
ployed tiefore the working ol tlio Stassfurt beds, 
consists in decomposing dolomite, magnesium 
limestone (CaMg)(J().,, with oil of vitriol. As 
calcium suljihate i.s only siiaringly, w'hile magne¬ 
sium sulphate is readily solifble, the soiiaration 
offers no difficulty. • 

'J’ho dolomite is first ealemod, when oH treat¬ 
ing the hot mass with a small quantity of 
water it is readily broken u]i into powder. This 
powder is tlien suspomlcd in w'ater in large 
digesters construcUid of wood lined inside with 
lead and Yorkshire flags. For a digester (i feet 
square and 7 feet deep, about H tons of dolomite 
would form a convenient charge. Into tins 
emulsion are then poured the contents of twelve 
carboys of sulphuric acid, and water added until 
the sji.gr. becomes 1125 to I’iSO. At the end 
VoL. IV.—r. 


of an hour, when the coiitouts begin to cool 
dowu, steam is injected by a leaden pqio w'hich 
compietcH the action. F.vcc8a of acid must l>o 
carefully avoided, as it causes loss in crystal¬ 
lising. The liquor is (hen run off into a settler 
mad«5 of lead or Hags, but not of froii; after 
settling the clear solution is siphoned over into 
an iron evajiorating }ian, where it is evajK>rated 
down to <)(»’ i>f 'rwaddeU's hydrometer. Tlic 
! clear eoncentruteil hijiior slauds for an liour 
or two to allow any siisjamded matU’r to settle, 
after whicli it is conveyed to the coolers, which 
are made* of wood, llag,s, or, best of all, slate, 
where it is agitated si> a.s to cau.se the salt to 
fall in small crystals. 'I’lie iTystals arc then 
draiiK'd and finally dried on sh<*lvrj"^ii a stove 
room at a temperature not, cM^eedmg 8b‘'F. 

Magne.sium suljiliate is largely used in tho 
Ijancashiri! eottoii trade in the jiroecss of warp- 
sizing: iti*is also (‘inployed for im'dieinal and 
agramltural pinposes and for (fyeing with the 
aiiiiiiK' colours. 

'Die crystals liave th»“ composition of ep.somite 
.Mg8<>,,711,0, and form light rliombic prisms, 
lesemblmg those of tlie suljihates of zinc and 
nickel. 'I hey have a .sji.gi. ot I iuii ('I’lior^m and 
Watt'', ('hem. Trans. 27, DMi). On heating, 
they mi'll in their w'uter of erystallis.»iion, lose 
j ti molecules of water at loP'’ and the seventh 

I 111 2tMD. 

A salt, also havnng the. eomjiosition 
' Mg804,7lD0 IS oeeasmnnily deposited from cold 
! siijieisaturated solutions in monocluuc prisms 
‘ isomorjihous witJi those of ferrous sulphate 
' FeSO,,7ll .0. Hy crystallisation of t he ordinary 
salt above 40' monoeliriie piisnis of a hydrate 
MgS() 4 ,bl 1 ot sp.gr I-724, are obtaineii. I?y 
drying th«‘ hi'jitahydrato over oil of vitriol to 
constant weight, MgSO,.5lLO, of sp.gr. 
is obtained. A salt of the oomposij|fon 
MgS0j,2ll20, s|) gr. 2'272. may also be prepared 
by boiling finely powdeicd Kjisom salts with 
absolute alcohol Tho sp.gr. of the mono¬ 
hydrate .MgtS(,),,,IDD i,s,2'4f5 and tliat of ihe 
anhydrous salt 2‘70!) ('Fhorjio and Walts, Lc). 

An oetahydrale is eajiabie of existence in 
solutions eoiitriining 22 p.e. of sodium sulphate 
at. ,‘MD, but changes to the hopialiydrato if tho 
amount of sodium sulphate exceeds 22 p.c. 
(iShird 'rakegami, -f. ('hem. Soe. Japan, 1921, 
42, 441). 

Magnesium sulpliaU' is fcadily soluble in 
water. According to (lay-Lussac 100 parts of 
water dissolve 2r>‘'7(* parts of tlie anliydrous salt 
at 0° and 0*47HD) ]iart for every degree beyond. 
One ))art of Kfisoiu salts dissolve.s in 0‘79 part 
of water at l8-75\ forming a liquiif of sp.gr. 

. 1 - 2022 . 

I Tho table on jiago 194, due toSehill (Aniiaien, 
108, 220), shows the amounts the. sulphate in 
solutions of different specific gravities. 

Magiu'sium sul 2 )liq^e also dissolves in dilute 
alcohol, but is insoluble in absolute alcohol. 

Magnesium hydrogen sulphate MgH 2 (S 04 ) 2 . 
i If 2 parts of anliydrous magnesium sulphate aro 
i dis.solved in HHl jiarts boiling sulphuric acid 
; of sp.gr. 17 and tho solution evaporated at the 
! boiing-jioint, Mgll 2 (H 04 )n is deposited in prisms. 

' On cooling, an acid salt of the composition 
I MgSCl4'3H2'^G4 crystallises out in small shining 
i tables which fuse and decompose when heated. 

: Magnesium sulphate forms an isomorphous 
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gr. at 2a® 

' Per cent, of 
Mg804,7H.,O 

Per cent, of MgS 04 

1-0048 

1 

0-488 

1 -ooue 

: 2 

0-075 

1-0193 

4 

1-951 

1 -0290 

' 6 

' 2-928 

1-0387 

8 

3-004 

1-0487 

10 

4-878 

i-0587 

J2 

5*854 

1-0688 

14 

6-830 

1 -0790 

in 

7-806 

1-0H94 

IS 

8-782 

J -0997 

20 

0 756 

lii'uj 

22 

10-7.32 

ri209 

24 

11-708 

1-1316 

26 

12’6S‘1 

1-1426 

' 28 

J3-<)()0 

1-1536 

30 

J1 6.34 

i-1648 

32 

15-610 

1-1760 

34 

15-58(» 

1-1875 

1 36 

l7-5(i2 

l-199i 

38 

IS-.538 

1-2108 

40 

10-512 

1 2228 

42 

20 488 

1*234<) 

44 

21 164 

1 2472 

: 46 

22 •446 

I -2596 

48 

23-416 

1-2722 

1 50 

24-300 

1-2850 

52 

25-366 

1 -2980 

1 54 

26-341 


Hones of double s.ilts willi llio sulplial-os of tlie 
alkali metalH, of the ^(‘lU'nil formula 
011 , 0 , 

which <!rystallist* ju monocOinie ])risiiis. 

Magnesium potassium sulphate 
« MgK,{HO,),,0lf,O 

is h)und in the Slassfurt sail dc'poMts and 
known as /tchonth , also us a volcanic product 
[pieromcriU). Jt ik jircjiarcd liy dissolving (lie 
salts in molecular projxirtious and crystallising. 
It forms monochnic prisms. 

Magnesium ammonium sulphate 
Mg{Nji.yso,),,011,0 

is found in the fiimerulcs of Tuscany and i.s 
known as cerbolifr. J^repaieil artiJitually it 
crystallises in monoclinic pi isms and is iso- 
morphous with tKb polassimn double salt, 
t Magnesium silicide (('omjit. nnd. 154, iio) 
is readily prepared in quantity by ramming an 
intimate mixture of dried quartz powder (200 
parts) with mugnesimu })u\vder (UM.) part..s), 
igniting \^ith a litllo magnesium on the aiirface 
and covering to exclude air. A bluish-lilack mass 
of magnesium silicide is so obtained. 1'reatniont 
with hydrochlor^p acid evolves a gas containing 
0-7 p.c. of silicon hydrides. 

Magnesium silicates pciuir abundantly in 
nature and some of them have, been prepared 
artificially. The main features of the binary 
system MgO — SiOo ^ investigated by the 
American Geo. physio«'^hool are; magnesia 
has a melting-point oi about 280tt'^: fosterite 
orystallises at and forms a eutectiC at 

11150® with maguoeia. There is no eutectic 
between fosterite and clino-enstaiite, but the 
latter and cristobalite {m.p. 1625®) form an 
euteotio at 1543®. The introduction of lime- 


alumina-silicate into the system not only gives 
rise to anorthite but magnesium aluminate 
(spinel) MgAl 204 may result. The more iin- 
2 )ortent silicate's are the following :■— 

Forderitp MGoyi 04 occurs in crystals in the 
volcanic ejections of Monte Somma. Ebelmen 
{Ann. Chun. Chys. [iii.] 33. 58) obtained the 
! minora] artificially by fusing silica and magnesia 
, in proper ]>H)portions with boric acid. The 
crystalH obtained wore similar to those from 
Vesuvius. Korsterite forms with the corre- 
' spomliiig calcium orthosilicate {rnontiC(Utk) 
an i.sotlmioiphoiis group of mixed ciystals (V. 
l'.)M hl 'I'sch. Mm. Mitt. 26. 413). 

OhviiK /iMg^lSiOj-i Ee.SiO^ is a constituent 
(d many base- ritcks. It crystallises in the 
' rliornbn-. system. The olive-green and hottle- 
gieen crystals are used as g'^unstone.s under the 
name ot jicndoto. jMagnesium silicate forms 
; i.syniorphous mixtuic's witli iron oithosilicate, 
blit there is a gap in the senes (V. Tosvlil, Joe. 

' rt/.) 

I'j'n-dalih' MgSitl., the metasilicate, occurs in 
nature cry.stalhsed m the rhoiiibn^ system. 
EhcliiKMi (/oc cil.) obtained it by fusing 
inagni'sin and silica with boric acid in jiroportions 
cuiTcsponding with the mclaKilioate : INwolil {lav. 
of.) lias shown that it forms with diopwide 
((‘aiVlgSi>OQ) an isoiliniorphous senes similar 
to that given by magnesium sulphate and 
I ferrous sulpliati'. 

I Sfpiolilr 2Mg<T{*SiO,211,0 i.s a cominiel, 
I (earthy liydrated silicate, sometimes known as 
; ijK'crschaurn. 

‘ Talc il,Mg 3 (»Si(.)j) 4 oecur 8 as foliated nmsse.s, 

^ ronipact as steatite ; Inc soft vaiiety is known 
as soajistonc or French ehalk. 

I Sctpcnfiiir fr 4 Mg 3 Su 04 forni.s large rook 
' musses and usuallv contHins ferrous oxide. 'I'he 
I fibrous variety is known as chryboldi and (iomes 
into commerce under the gemTul name ol 
! asbestos. 

! tilatmfc MgTiO^ occurs in natui’o 

as iit ikidik. 

Magnesium citrate Mg.4((!8H50.)„,14H,() is 
obtained as a cry.staUine crust when magnesia is 
■ dissolverl in sligiitly more than an equivalent 
j quantity ol a solution of citric acid, and the 
solution evHjKirated at about 50®. It is very 
soluble in water, and is often preferifyii^^ Ejisom 
I salts as a mild jiurgative^j^n account of its 
I jileasanler taste. 

,T}ie citrate of magmvsja of the shops, so 
j popular as an eilervescent salt, may be prepared 
i by mixing 16 parts of sofiium bicarbonate, lOA 
' of tartaric acid, 4 of citric acid, about J2 of 
I sugar, \ part of lOjisom salts, and 2 parts of 
' crystallised sodium bisuljihate, and heating on 
I an enamelled iron plate until it becomes spongy 
from the escai>e of carbon dioxide. The (tooled 
mass IS thi'n put through sieves of four t^i six 
ineshef. jicr square inch. In granular form 
it IS again heated until quite dry. The solution 
of Ihe granules in water, after the liberation of 
thi' carbon dioxide, contains jmncipally citrate 
i and tartrate of soda and sugar. 

it may also lie prepared by making a mixture 
I of inagne'^jum citrate, prepared by dissolving 
! magnesia in citric acid solution and crystallising, 
I witli sodium bicarbonate, citric acid and sugar, 
, and rendering granular by moistening with 
I alcohol and drying. 
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The magnesia pfeparation called eiiiodor^ 
used for removing unpleasant odours and for j 
disinfecting and preserving purposes, is obtained ; 
by heating neutral magnesium acetate with ; 
magnesium oxide until the mass assumes a 
pasty oonsistenry. It consists of basic magne¬ 
sium acetate containing excess of magnesium 
hydroxide (Kubel, I’at. ISOiM), Nov. J88J). 

Magnwnim is usually estimated quantita¬ 
tively by precipitating an amnioiuacal solution 
with Hodiuin or ainmoiiiuin phosphat<e. The 
liTccipilate is washed with aiumonia w'aler, 
igiuted and weighed as pyroiiliospJiate. This 
oecasionally turns grey <>n ignition, csjkTially in 
contact with fibres ol lilter ])aper or other form 
of organie nuitter. Hy moisUMung (Ih^ ignited 
mass with a few drops of aiiiinonmin nitrate 
solution and reheating the colour is removed. 

Volumetric methods emjiloyed foi limestones 
and dolomites dc*]x‘nd upon (1) determinaljon 
of total t’atJ + iVlgO by acid and alkali titration 
loss llu' amount of CaO se])arat(‘Jy esliiiinl<“d. 
(2) iSolution in stand^ird Ht’l uixl titration with 
NaOli cold for Cat) with phcnoljihthalcin a.s 
indicator ami furtln i tilralion in haling solution 
de])endiim upon tlie (.umplcle jn-ecipilation of 
magnesia hyilroxide as indicated hy a pernuuieiil 
pink colour. S. l’». 

MAGNESIUM PERHYDROL. lUogf n. A 
comhinatu.n of hydiogen peroxub'- (peiliNdrol) 
and magnesia and imigncsnim peroxide. Used 
as an iiitcrnai antisepta-. 

MAGNETIC IRON ORE v. Maunktitk; Iron. 
MAGNETIC PYRITES v. I’vurhotitk. 

MAGNETITE, or Magnetic iron ore. A 
mineral of the* spinel group, e.insisling of 
magnetic oxiile ot jroii, i'VjOj (*r KeO hV.O,; 
an important ore of iron (F(‘ 721 j».c.). iShai jily 
devolo]>ed crystals with bright faces arc not nn- 
eoiiimon ; tli<*se hehnig to fll^ cubic .system and 
usually have the I)!')!! of the t(‘gulai octahedron 
or the rliombic-ilodecalie<lron. tJramilar to 
com]iacl masses are, h<iwe\(“r, more aljuntlant. 
The colour is iron-black with a dull, suh-nietalhc 
lustre and a hlaek streak. S]>.gi‘. o IH; liaid- 
neas 0. The mineral may be always icadily 
roci'pmsiid by its strong magnetic character: 
small fragments are jiicked up in' a inagnetiscfl 
krufe-blade. Onlv occasionally are specimens 
magnertv. .^th polarity (?>. IfOAPSToNJ-:) For the 
magnetic proiiert^cs of varieties of magnetite, 
.see \Vils<m and ileitoun (I’roc. Phy^^. Soc. 
London, 191!), 31, 299). The titanife|ous 
magnetites, which are also of frequent occur¬ 
rence, coiusist of an intimate intergrow'th of 
magiictit© with ilmenite or rutile {v. •}. 'J'. Singe- 
wald, The Titaniferous Iron ()re.s in the Uink'd 
States, their Composition and Keoiiomio Value, 
U.S. Bureau of Mines, 1913, Bull. 64). 

As small grains and crysfals, magnetite is of 
wide distribution in many knds of igneous 
rocks, especially the darker coloured wirtt a low 
silica jiercentage. in such rocks it sometimes 
forms rich segregations available fur mining ; as 
in the Ural Mountains, and at Kirunavara and 
Gellivara in Swedish I^apland. Other important 
dejKisits, e.g. some of those; in southern Sweden 
and Norway, have been formed by 1he iiieta- 
morphism of pre-existing iron-ores, wdiero these 
have been subjected to the baking action of 
intrusive masses of igneous rock. Extensive 
deposits of magnetite are also mined in the 


crystalline Arcliecan rocks of the Adirondack 
region of Nbw York and in Lanuda (H. Rios, 
Economic Geology, New York, 1916). 

L, J. S. 

MAGNOFERRITE u. Iron. 

MAHUA or MAHWA FLOWERS. The 

ftowers of Ba^mi longifolm and B. lahfolia. 
May be used as a source of alcohol. They con¬ 
tain dextrose, levulosc, maltose, sucrose, 
Iientosos, the total sugar being greatest wlien the 
tlowms are ready to fall, when it amounts to 
(50-71) p.c. 'I'he development of the various 
.sugars at difTerent .stages of grow'th has been 
studied hy Fowler and coadjutors (J. Indian 
Inst. Sci.'J920, 3, 8J). Yields of alcohol uji to 
5K) p.e. ot till' tlieorctieal were ffitaiiied by 
fermentation of a mash of the flowers with 
cultun^s of the natural yeast present in the 
flower with the addition of sulpliurie neid and 
aiiimomuii phosphate. Of. Ba.s.sia or Mahsva 
Fl.OW ICRS, Vel. 1. 

MAILLECHORT v. Njokki. 

MAIZE. Mnt/s (Linn.). ‘Indian corn* 
or ‘mealies.’ Tliis jdant wa.s grown hy the 
aborigines of America ; it was introduced into 
Kinope m the .sixteenth cciituiy, aiul is now 
extensively giow'n in alniosl all countries 
possessing sullicicntly waiiii climates. It grows 
t<t a licight ol from .'■> to 12 or even Jo feet. 

Many varu-lics of maize are known, ditTenng 
greatly in si'/.<\ shajx-, colour, and composition 
of the gtain and in llie arrangement of the 
gram ar<nmd t h(‘ eob. 

The aveiage conijiositum of all varieties of 
niai/.c luis l)een givim uixhu* Crkkai.s. 

South African, Anicncaii, and Austiaiian 
grown niaizi's contain distinctly less moisluie 
than Furo|ican sanqilcs. \^'^llte anil yellow 
are the ciunmoni'st colours ol the inaizc' gram, 
but orangi*. red, blue, viokd, ami even bjp^ck 
giaiiis are known, us well as strijicd ones. 

The si'parafe parN ol wlulc Aineiicaii hor.so. 
tooth inai7.c, have been analysed by I’lagge and 
Lcbhiii ai 185)7 {quoted hy Konig). They 
oblaincdThe Jollowing results:— 

i'(• ol Jn the dry matter, i».c. 
whole Pro- ('urlK)liy- 

uniiii Water tein Put ilnitcs AhIi 
( imni .1I7« 0 70 ia-7r>20 36 46 9y7‘23 

||u.skK . . 8t>0 8 32 7*94 82-81 rOS 

liorav l>.irtot htiucli 49 751 t2'l<> 8 n4 0’t54 91 11 0'21 
Mefilj „ „ 25)08 0 93 92 97 0-34 

Whole Kl.iiii . 11-38 8-09 f)-?'.) 84-01 1-51 

« 

JJojikins, Smith and East (J. Amcr. Ohem. 
Soc. 1903, 25, 1166) determined the distribution 
of th(“ proteid.s in maize grains of (a) low (9-89 
]).(•.), {h} medium {11-.33 p.c.), aiii^ (c) high 
(12-64 }).c.) protein content. Their results were— 

(a) (6) (c) 

Germ . . J9-31 ^0-l4 18'45 

Husks . . 2-75 2-07 1-85 

Horny i)ortion . *3-07 5!)'03 64*88 

.Mealy jiortion . 2.3-98 17-63 14*22 

'I'lp caps . . 0*89 1*14 0*59 

They found that tllH^gorm contained almost 
all the oil and about ten times the percentage 
of of the other parts ol the grain. Hopkins, 

’ indeed (Bull. 55, Illinois Agric. Stat. 1899, 310), 

! finds it possible to classify samples of maize 
1 according to their richness in protein or fat by 
mechanical examination only, the fat being 
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mainly dependent upon the proportion of germ 
in the gi'uin and the nitrogonouH n)atter being 
largely determined by the proportion of horny 
or glutinouK matter. 

Kor j)roteids and oil of maize, i'. (.'krkai.s. 

'riie injViriouH effect of a diet eonsiHting 
largely of maize upon animals has lK‘en ascribed 
to file absence of tryjitophan among tin* pro¬ 
ducts of hydrolyMK of z^in, tlie charactcrislic 
protein of mar/e (WiIl«‘oclv and Hr>pkuis, .1. J'hys. 
diem. IPOd, 8S); also to the pit'sence of 
much phenylalaniru* and tyrosine among hucIi 
profliicts, and the ease with \\hicli they f^pht off 
phenoln; comjMmnds, thus juodming piicnoJic 
jioisoning (iiaLdioni, Atti. Jl. Accad. liincci. MlOH, 
J7, i. Job). 

According to McCallum, Nimmonds and J’ltz 
(J. Biol. (’hem. lOK!, ‘JS, in.'f) the jirotems of 
maize contain all tiic amino-aci(is i-.sscntial for 
growtii and also (he accessory fru'.ors ‘fat- 
soluble A’ and ‘ \\aler .snlubh- B,’ the former, 
howr'vcr, being pKwnt m insufticicnt (piantify 
1o allow of maMTiHiin growth. Tlic addition of 
hiiltiT cfTccIs a imirKcd improvement in tlic 
growlli of <inimals whose s«ii(“ soure<“ of piotem 
IS maize. 'I'lu* iiiorgauie content of maize is not 
.suitable for the lus'ds of noiinal growth. 

Tlic ‘ non-mtrogenous evtiact’ ol muizc 
isniMsts mainly of starch ami c-elhilcise, ])nl 
includes also eune sugar, dc“\lnii, and gum. 

Ah the average of sevcual dcderminat ions of 
tlie soluble earhohydratc’s m various types of 
maize, Konig gives tJie following numbers : 

la tile 

iN umber ul (aiaimtl .'Ulbstanee. p e, 
cleteriiii- liext.rin Starch, 


Mal/.c Imiii 


SiiK.U 

and KHin 

etc 

South (iastciu I'hiioipc 8 

1-70 

2-82 

(i|-2() 

Italy 

22 

2*"’2 

1 -05» 

114-41 

^ jKlinf c 

orn 22 

2*25) 

2-20 

(;-l-04 

America i>cnt c 

nrn It 

2 (i-l 

2-02 

(>2-25) 

(Sweet 

com 10 

4 1)4 

14-47 

42-47 


Ntonc (Bull. 31, (>. JSt. J4) extracted 
0'2o ji.e. cane sugar Irom ordinary aifd IPfi ji.c, 
from Kwert maize, but could not, detect invert 
sugar in tlie former. Tollcms and Washbuin 
(.1. Landw. 1885), 27, Ted,2) found 51 }i.c. of glucose 
and 7'8 p.e. of sucrose and dc^xtrin in sweet 
maize, but only a trace of glucose and 1*78 ji.o. 
of sucrose and dextrin m ordmury maize. 
Stone found aliout 5 p.e., Toliens 7'(I8 p.e. of 
• pentosans in maize grain. 

For a.sh of maize gram, r. Ceheai.s. 

An objection to tlie u.se of large quantities 
of maize as a cattle food is tlie effect which it 
has of lo^i’ormg the melting-point of the fat 
jirodueed by tiie animal {cjf. bacon in the ease 
id the jiig, butter in the ea.se of dairy eows). 
Maize is too rich m fat and earboiiydiales and 
too poor in ash ftonstituent.'*, esjK'cially Jime, to 
form the sob' diet of an animal. 

Maize col)—the central portion of the ear— 
consists largely of cellulose and xylan (2o p.e. of 
the latter). American aiialyse.s sliow it to 
contain— 

p 

Water I’roU'Iu Fat N-froo extract Crude fibre Ash 
10-7 2-4 OT) 64-9 TO’l 'l-4 

Tt is sometimes ground along with the grain, 
and the jiroduct, ‘ corn and oob meal,’ is used 
as a cattle food. 


! Maize is also employed as a fodder plant, 
j being cut green and either eaten fresli, or, in 
I some ca.ses, made into hay or ensilage. Though 
i immature maize plants contain a eyanogenetic 
glucoside (Brunnich. ('hem. Soe. Trans. 15W2» 
788), the quantity of hydrocyanic acid present 
—not exceeding 0'5 grain jicr J lb. of green 
material—is so small, that tiuire is little or no 
dungi'r of poisoning tiu' animals fed upon them. 

The following lahh' gives the average com- 
j>osilion of certain jiroduets from maize : 



Pro- 
WabT tciu 

N-free (h iule 
Fat extract tdne 

.\sli 

(Jh'I'm foddi'i 

75)-2 1-8 

0 2 

12-2 2-0 

1-2 

Silage 

75)-l 1-7 

0-8 

11-0 0-0 

1-4 

Strau 

1 . 2-0 r.-o 

1-2 

24-2 .2f)-2 

4-8 

Bran 

12-.2 5»-5) 

2-0 

01-2 S)-2 

2-0 

JVliuzc germ cake 

1 l-O 21-0 

5r0 

42-8 5)-l 

0-J 

(V)rn A cob meui 

12-1 8-2 

2-2 

()4-8 0-0 

1-0 

(Jl iten meal 

5)-0 25) 4 

0-8 

52-4 1-0 

0-7 


Jl. J. 


MAIZE OIL (Corn <iii) is (ibtaincd from the 
goiins of the maize jilant, ZfO Mahs,L. 'J'hc 
gi'nns are ii'cnvcrcil. in the process of manu¬ 
facturing starch. Iiy sitting aiul winnowing them 
from the starch giamiles in which they arc iin- 
l)cdd(‘d. 'j'lic oil is therefore' a liy-pi'oduc< of 
starch and glucose works using maize (corn) as 
their raw material, 

Formerly mui/i' od was obtained as a by- 
|»ro(luct in alcohol (iislillcrics When the malted 
and crushed gram was allowed to ferment, the 
oil was laid ban* and ri*sc to the top m 
tlie ferinciitati<ai vats. Before distilling off tlu; 
alcohol, tlic oil was ladled off and jmrified in a 
crude fasluon by wa.shing. filU'iing, and ‘ set¬ 
tling.’ Since, liow('\ er. tlu' )>res<‘m'e of the germ 
imparts an unjileasant flavour 1o the sjiirit 
ohtanicd by fermentation, and the oil so re¬ 
covered was very ini|mr<', add liad a different 
eliarailerfrom the oi] ( ^pressed frcun th(‘germs, 
the older proce.ss of femienlmg the crushed 
grain has been aliaiuloned. Nowadays, the corn 
is tiisf malted, beaten uj> with w'ater to a fine 
)uilj), and the germs are se])arated from tlio 
starch by sieving. At jircseiit, maize od is niumi- 
factured on n veiy largo scale- from the isolated 
germs by expression in hydraulic presses. Jii a 
dry condition, the g-.ruis contain of oil, 

and yield in practice about J(> p.e. The whole 
grain contains about 4 to .2 e. of oil. 

Jn the process iiatontcd by Leuders and 
Bauer (U.8. Pat. 1225bb4 of 15)17) maize is 
steeped m a solution of sulpliurous or other acid, 
and llien eiushed and .separated from the gerniH. 
The latter are washed in water contaiiiing 
sufficient alkali to neutralise the uciil left from 
the steeping, and are then dried and the oil 
expressed. 

Maize oil, if •ffiiojierly jirepaml, is clear in 
colour,'and does not require rehmng for com¬ 
mercial purj)os(‘!-. If, however, the oil is badly 
prepared and allowed to stand in contact with 
albuminoid matter, it undergoes a process of 
fermentation, wheri'hy considerable quantities 
of free fatty acids are produced, and ncquii'ea a 
dark colour wlueh rendera it unsuitable for 
light-coloured soaps. Such oil is therefore 
bleached in soap works in the same manner as 
linseed oil. 

By distilling- the freshly expressed oil with 
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] together, the interstiees lieing filled in with 
I powdered malachite, and the whole polished ; 
in this way it becomes easy to employ it for 
inlaid and encrusted furniture, especially for 


steam for several hours lower esters are dis- 
st>eiated, and the residual oil, when washed and I 
dried, is lighter in colour and less acid, and is , 

more suitable for food. .- .., ,, ni ... 

The freslily prepared maize oil is of a pale .table-tops of considerable aiie. Mahiebito is 
volknv or golden-yellow colour, and has a dis- also used to a hniited oxtent as a green pigment, 
tnud.ivc odour; its taste is pleasant at first, but the term ‘ nialaeh.te green ''J- 

and i-s most characteristic in that it re-scmbles tended to ceytain organic 

that of newly ground corn-meal. It is there- is widely ilistriluikMl as a mimrnl, licmg found 
fore possible to identify the oil by its taste i.i greater or less ipiuiitity m most eo kt 
■ deposits, but the hviesl examples occur near 

.Maize oil IS eharaelerised by Its liigli amount Nizbm-'ragilsk and (iumeslievsk in the Ural 
of iinsiiponilluble matter, amoniiling to as miieh Mmmtaiiis. at Uiirr.i.liorra and Wal ariio m 
ns 1 •.'ir,\uid even 2 112 ji i. The unsapoiuliiilile Sooth Au.stralia, N.imii.pialiiiid in South Afiitii, 
m.itter loiisists of leiitliiii, and of an alcohol and Itwaiia Mkiiliwii in Nortlievii lihodesia. 

Tlle;•'?d m'u"'ul malachite green, victoria bkEEN. 

tl, 0-927 at l.b The .saiioiulieiil 10,1 Millie IS BENZAL GREEN e. liiiniENVUlCTiiaNE 
190 to 192, and the lodme value Mines between t ui.oplUNO mattuks. 

|.,0andi:i0 . MrtLACON. (bie of the sevirnl names Unit 

“ The saturated fatly acids in maize oil iimoiilit have at different limes la-eii applied to altered 
toaboiitflpr. umlap].eurtoeonsistolpaliiiil,e. WUKi liydriited forms of zireoii (y.i- . ns 
stearie. ami araeliidie iieids. As to liquid fatly name (trom paAaioii, suit wim oiigli ally givi n 
acids, lilUileiiir.iiid is iilweiil, but the oil eoiitiins by T. Selioerer, in IKfl, to lililish-wliite titri- 
eonsiileiable siimuiits Ilf liiiolie Held III addition goniil erystals oeeiiiiiiig ill gramte-pegmatlt 

10 olele .leli! H.iuglllllll and .laillle.soll (.1. Allier. at llllteio III .Norway, wlliell differed nun the 
('hem. Soi , 1921. -i:i, 2b9l>) found maize oil to lo eompuiiving zireoii iii e.iiitaimiig .1 p.e. ot 

consist of glvi erides of the following f itly aeuls: water, iiml lu llieir lower degree of halilness 

oleic, 4-1-1 ; 'imolie, t(l9; ,ialimUe, 7-7; .sfenrii-, (tl. ..lit (., mateiid ol i, ns 

It-.-i, araeliidie, 0-4, and liquoeeru-, (l-2 p.e uuderia is i.ptiially isotropie lias sp.u. 

No liypogali- iiel.l U.IS pre.seiit. The oil has :)- 9 , ami is often soniewl,ill .W"" 

somewlllit belter (living powers Uiiui eotton-seed healed, it suddenly glows briglltly, 

oil. but differs fi-niii tlie latter m Unit it is ni^. off w.iler and gas; it tbi-n has the F<’I« ^ 'i," 
...viilhed with equal energy when finely sub- of ordinary •/.ireoii. o 

divided oil eotloii waste. , largely of eiirbim dioxioe, togelfitr with Homo 

VVi-11-i-efim-d iiiiii/.e ml is used for «iiblc : hydrogen mtrogen, beliiim, an 
pm-po.ses ('salad ml ■) Smee its ‘giumy ' taste ; Mngley, ITill. .Mag. VT '. 1 ™ 

IS obieetimiiible. the edible quality is frequently ; altered zircs.ii, referred to malaeon. has been 

11 mixture of maize oil with edible eoUon oil and i described from (.hantelouhe lii 

otlier edible ods. Maize oil is also used in tbe Jbneii .Mountains in the Lrals, ami several 

numifaeture of iflargarme ..margarine - of : other localities. That from Madagascar e.m- 

tbe United .States), as also m the manufacture | tains 9'o p.e. water (A l.aeroix, Miniiiilogie 
f>f compoiind iiird (rriiUii ini' cfittfiu ; do aMudiigaHoar, 23. ). g. t . • 

Snell mai'ze oil as camiot be emiiloyed for edible | MALAKIN r. SyNTiin-ric diuxjs- 

inirposes is used cbielly iii f lic mamdaeture of i MALARIN. I rude name for t in 

Lft snail, tor wlliell it is eminently suitable. A aeetoptienone iibeiielidide, prepared by beating 

eotl,.ii -softener’ largely used in the Uiiiled I equivalent proporl ions ol * 

States contains maize ml soft soap. Maize oil is p-jilieiietidme eitlier alone or with mldition iff 


nut Huitablo fur hard aoaihs uf ao'^optiUilo (juality. 

• • J.L. , 

MALACHITE.* -An ore uf coiipor, orystal-; 
Using in the inonuolinio nysU'in, fmt usually j 
occniTing as maniilJatod and hotryoidal fofrns, 
or as librons. compact, or earthy nmsses of n j 
bright green colour. It is a basic copper car* j 
bonate (hd.'O., 1-ruOoHo), liaving | 

a sp.gr. of Ibb to 40, and huirdness 3^ to 4. j 
Heated in a tul>e, it evolves waliT and turns ; 
black, while on charcoal it yu^Ids metallic co})per. j 
Malachite is frequently found a.s an alteration- : 
product of other copper ores, Und occurs a.s a [ 
pseudomorph after cuprite, jt.c. If derived | 
from cop{^)er jiyritea it is generally aci'ompanied 
by limomte. Malachite i^' not oidy imj)orlant ; 
as an ore of oojiper (('u, 57-4 p.e.), but is valued 
as an ornamental stone, since it takes a goiKl 
})oli8h and i.s prettily marked with light and 
dark green bands of colour. Jt is chiefly used 
for vases and small boxes, but its comparative 
softness stands in the way of its extensive use in 
jewellery. Large slabs are not generally attain¬ 
able, but small pieces are skilfully joined 


dehydrating agents. Crystallises in yellow 
necdle.s, m.p. 8H‘', readily soluble in hot alcohol, 
etlior, or glacial acetic acid. ^ 

MALAYAN CAMPHOR e. Cami hoiw. 

MALE FERN r . Filis-mah. 

MALEIC ACID r. IVmabiu ACID. 

MALIC ACID, llydroxjff^ucvtntc artd {Acide 
am/n/Mc. Fr. ; . 

CIUCOOH 

'ihis acid contains an asymmetric carbon ulom 
.and hence can occur in three modifications, viz. 
a dc.\lrorotatorv forni,a Isevo-rotatoryform, and 
an inactive variety. 1’hc laivo-rotatory variety 
occurs fr<‘c or in the form of salts in many 
juices and hence is freqiaently termed ordiitati) 
malic acid. LMalic acid was d scovered by 
Sclliclc 111 1783 in sourapph-s, and Liebig in 1832 
asi'ertained its composition. The inactive acid 
was first obtained by Pasteur in 1852 from 
inactive aspartic acid, and by Kekul^ in 1801 
from bromosuccinic acid. The d-acid was firs 
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ol)taino(l by !ircm<^r in tho rocluelion of rf-tar- | 
taric acid. i 

Prep<irulioiL. — l-Mulic (U'id oocurn frro in I 
unripo grapes (Ordoniieau, liull. Soc. chini. 
18!)I, 261) ^ in «})p!(!H, gooseberries, strawlKTrios^ 
cliorrioB, tomatoo? {Alhabary, (lonipl. rend 14r), 
131), infmntain ash berries (Pt/rm y\iir.vp<nin) 
(Idcbig, Ann. h. 141); in Ibe berries of llijypo- 
pha& rhatnv(ii(I('< (Knlmann, Her. ]H‘J6, 
and of Unheu'i rnltjuu'i; m honey {Hilger, 
Zoitsch. Nahr. (lenus.siii. 8, 110, Farnstemer, 
ibid. 1908, 698): in fruit jiiiees (Kuii/. and 
Adam, Cbom. Zentr. 190ti, i. 1849); in ferns 
(Hegnault, Ann. t'liim. I'hys. 183(*, 208); ni 
tamarind f4(liini, (liem. Zentr. 1906, ii. 1042); 
in bindiab fruits {Franek and Marekwa’d, 
(’hem. Zeit. 1911, 687), &c. Smut eontams 
potuHsiinn malato to tin; extent of 24 ]>.<. of 
th(i solid residue and it is a jiroduet of (^xer('tion 
(A and V. fluisim', tioinpt. rend. 1^)6, 142ti); 
/•main- aeid is also fourul in tlu' ealeinrn ])re- 
cipitale formed in the treatmeiit of beetroot 
(Lippmann, Ber. 1891, 3299). H can lx* pre¬ 
pared from the unripe berries of Pf/ni^ Ai/ck- 
jiiiriti (Elirh.) (Hagen. Annalen. 38, 267). or of 
ihrhfrn rnhjari's (Linn.) (Leiinsen, Her. 1870, 
966) in tho following manner 'Die oxpreBsed 
piiee IS evaporated, liltered, healed to boding, 
and saturated wiili milk of Jirm*. 'I'lie eab ium 
inalate wliieb He]>arales is rhssolvcd in hot dilute 
nitric aeid (1 ; 10) ; on ecaiUng, the solution 
deiiosits the a<'id malato, which is piniHed by 
reorystalhsation from uniter. In order to 
obtain malic aind from it, its solution is ]i!e- 
ci]»itated with lead acetate and the lead salt 
is decomposed with snlphuretb'd hydrogen 
(Broakamit, Piiunn. Weekliad. 42, Ii37) 'I'lie 
precip1lat<‘ known as ‘ Hand ’ wdueli is formed 
during tho evaporation of maple saj> eimtains 
00^80 p.e. ot (aileium inalate and constitutes a 
readily availabk^ source of malic neid. 1’lie 
annual production of ‘ sand ’ in America and 
Oanafla is estimat'd to bo 169-330 tiuis, corre¬ 
sponding to50->165lonsofealeium malote. Malic 
acid may be obtained from Hie juice of eberries 
or grapes by means of the cinchonine salt, wdiicli 
!H very insoluble, the <‘inehoniiie salts of the 
other acids remaining in solution (Lnulid, Bull. 
Soc. eliim. 1896, 16. 1160). Castom recommends 
Hcparatmg nmlie acid from the expressed juice 
of tlie rhubarb, n' which it oceiir.s as the acid 
potassium salt, by means of its strontium salt 
((lliem. Soc. Abstr. 1902, i. 269). Sahasrabuddiie 
(Agric. Rep. Inst. Busa, 1914) describes its 
preparation from (Uar arkUvmn ; the aeid 
secretion ®f this ])lant contains 19 j^aits of malic 
to 1 part oxalii' acid, it is washed off the plant 
every 6 days, and furnishea oonaidcrabie quan¬ 
tities of malic acid. 

i-Malic acid lian obtained from i-chloro- 
or Lbromosuccinic acid through the action of 
moist'silver oxide, mercuric o.xide, &c., or from 
t?-chloro- or 'f-bromosuccime aeid by the action 
of potassium hydroxide, or hydroxides of the 
other alkali metals (Wtildcn, Ber. 1896, J35; 
1897, 2795, 3148; ISf/O, 1833, 1863). It can 
also be obtained by tho action of nitrous acid on 
i-aaparagine or Laspartic acid (Walden, kc.); 
and by the action of Bac. aerogenen on sucoinio 
acid (Ber. 1899, 1915), By heating the am¬ 
monium salt of inactive malic acid to 80*^, the 
active salt orystallises out from the solution of 


the inactive salt (Kenrick, Ber. 1897, 1749; 
Van’t Hoff and Dawson, ibid. 1898, 528). 

d-Mohe acid occurs naturally m Vras-^ulacea: 
(Aberson, Ber. 1898, 1432; Walden, ibid. 1899, 
270(i), It can be obtained synthetically by 
iiK'thods similar to those for obtaining Lmulic 
ueid (Walden, l.v.; Biutti, Ber. 1886, 1693; 
Bremer, l.r.). Racciuie acid can be reduced to 
iniwitivi' malic aeid, which can be resolved into 
, (I- and Lmulic aeidb by cinchonine (Bremer, Ben 
J880, 361 ; Uec ti'av. ehim. 4, JHO). 

Imi'tnr 7nali<‘ acid can be prepared by 
metliod.s simiiar lo llio.''e above (Tanat^r, d. 
Uu.s.s. i’livs. Olu-ni. Sue. J891. i. 339; Annalen, 
273. 37 ; ‘Van't Holl, Ih-r. 1886,2170, 2J73). it 
js al.sii ubtaimal by Iii'aling fumarie or maleic 
I ai'icL willi iviuslic .soda to iO(k’ (Van’t Hoff, Lc. ; 

: Lloyd, Amialeii, 192, HO ; Bremer, Lc. ; Skrauji, 
i Moiiatsh. 12, 113); by Jieating chloral and 
imtlonie acid with acetic aeid and treating the 
y-tnciiloro-/j-Iiydroxyl)ulvije acid thus formed 
w5tli potassium Jiydroxide (Uaizarulli-Thurn- 
baekh. Monatsli. 12, 556); and by reducing 
oxalacetic a<Kl witli sodium amalgam in acid 
siiliilioii (Wislici'Mus, Ber. 1891, 3416; 1892, 
2448). 

VVoper/tes.— hiaciin' ■walic ncuL Melts at 
130"-I3J''; sp.gr. 2U’'/4'^ j-OlI. Allinity con¬ 
stant (Wakh'ii, Ber. J896, J(i98). The diethyl 
ester IS oblaiiHMl by reducing etbyloxalaeetato 
with aluminnitn amalgam (Wislieenus, J. pv. 
(.’iicm. 1896, 111 I 59, J8) Djcleclne comtant 
c’. J)iude, Ziulseh. jiliysiKal. Cliem. 23, 310). 

(i-M(ilic acid. Bliysica! properties, v. l-mahc 
(ILOI. 

I Malic acid. ('r> slaliises m colourless 
needles, m.p. 1U0‘’. Very soluble in water or 
alcohol. Rotation ot jw'kI (r. Nasiiu and Homan, 
Hazz. chim. ital, 25, i. 422 ; Zeitscb. physikai. 
(Jlicm. 1896, 19, J13 ; Winljiei, (3iom. Zentr. 
1896, 11 . 22 ; Wnringi i, ZeitsA. jiJiysikak Chem. 
1901, 36, 336; Stuhlis, 'rrans. Chein. 8oc. 1911, 
22t)lj). 'J’hcTinal constants, v. Massol. (•ompt. 
rend. 113, 800. J^issoeiulmn constants, v. 8nutli 
and Jones, A men (ihom. J. 50, 1. 3'he esters 
arc prepared by adding dry silver malate in 
small quantities at u time to an excess of alkyl 
iodide and comiileting the reaction by lieating 
on the water-bath; or by treating^glic acid 
and an aleoliol wini Jiydrochloric acid or sul¬ 
phuric aeid. When llie forfhlr method is used, 
a small quantity of a more active substance is 
always present, i.fj. in tlie preparation of ethyl 
malate, ethyl othoxysuceiimte is also produced 
(Purdie and Lander. Hhcm. 8oc. Trans. 1898, 
293; I'lirdic aud Bilkcathly, iUd. 1899, 154). 
The dimethyl ester boils at 129° (16 mm.) and 
has sp.gn 1*2301 at 20°/4°; tho diethyl ester 
boils at 138“ (25 ,mm.) and has sp.gr. 1*1340 
at 20/4° (Purdie, l.c.; Walden, Zeitsch. physikai. 
Chem.^1896, 17, 245; Rrankland and Wharton, 
Chem. Soc. Trans. 1899, 338). Rotation, v. also 
Anschutz aud Reittcr, Zeitsch, physikai. Chepi. 
1895, 16, 493 ; Clough Trans. Chem. Soc. 1916, 
96. Dielectric constant, v. Walden, ibid. 46, 
103. Aecording to H. Traube (Zeitsch. Kryst. 
Min. 1899, 31, 160), the best method for tho 
preparation of the s^ts of malic acid is by the 
interaction of strontium hydrogen makte with 
tho sulphate of the motal. A detailed account 
of tlie composition and crj^^lographic pro¬ 
perties of the salts is given. 
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On boating malio acid to 100° for 24 bourn, 
there results malomalic acid C' 5 H, 03 {t! 02 H)a, 
and on heating »» vacuS at 180° there is formed 
an anhydride, mnlide Cj^H^Og and small quan¬ 
tities of funiuric acid and maleic anhydride 
(Walden, Jler, ISO'.), 2710). l*^>longed heating' 
at 14(r-jr)0° yields fumari<' acid as the main 
product, and at 180''', fuinaric acid, maleic anhy-1 
dnd(“, and water are formi'd. Oxidation Avitli 
hydrogen ^H'roxidc' in (he prt'seuice of a ferrou;- 
salt yields oxalacetic acid (Eenton and .loncs, 
('hem. ISoc. Trans. lO(K), 77); with hydrogen 
piToxide in a sealed tulie at I20'\ tartaric acid 
(Zinno, Mon. fc'eicnt. 1(>, ii. 400): witli potasMum 
permanganate, oxalaoetn* aeid (Demgi's, Compl 
rend. I.'ilh 32): wit)i mtne aeid, oxalic acid; 
w'ltli potassium ilichminate, malonic aeid. Ke- 
ductinn with hydrioilic aeid yii'hls suecinii* acid. 
By heating malic aeid with snljthuric aeid, the 
half iihleliydes of nialome. at'id and formic a^d 
are jnoduced, the former of winch is ehangcjl 
into eoumalu; and Irnnesic acids (V^m I'eehmann, 
Annali'ii, 204, 201): heating with glycerol gives 
rise to carbon dioxide and mTolein (de (Vmiiick 
and U.tyuaud. Compt. rend. I Of). 13.’)]). Healing 
with ('\ec>s »,f aloolmlic pt)la.sli n-siills in race- 
inisation (McJxmi/ic and 'J'iionqison, 'I'rans. 
(!liein. iSoc. JttOo, loot). Oai'bon dioxide, 
acetaldeJiyde. and eiotome aldeliydi" arc formed 
by th(' electrolysis of a ooneenirated iKjueoiis 
solntioii of the sodium salt (Miller and Jlafer, 
Ber. 1801, 170). 'I'lie coumariiiK aro proiiuced 
when malic aeid is healed with phenols and 
sulphuric aeid (I’ceiimaun, Her. 1884, 02t)*, 
]64(»). Benzahleliyde and nialie aeid in ])ip<*ri- 
dinc at IfHI^-HiO^ react to form /^-benzoyl 
projnonic acid (Mayrliofer and Neinel b, Mtmatsli. 
1903, 24, 80). }leate<l with livdiobroinic acid, 
malic acid yields liroinosueeinic acid and with 
jiliospliorus pentacldoride ehlorosuecinie acid. 
A concentrakil JIdution of an alkaline malale 
gives with caliium ehloride on boilunr a precipi- 
tot<* of ealcimn malate. Ainmonimn saltii^ pre¬ 
vent the |)recipi(.ation ; addition of aleoliol aids 
it. I'lNiicra (Compt. rend. 1807, 124, 201) uses 
as a reagent a solution containing 0‘(»2 gram 
/1-naphtliol per e c. strong suljihuric aeid. If 
0*05 gram of dry substamie is added to jr> ^Irojis 
of the reagmit in a porcelain rlish and malic acid 
is prc!?eiiC?ka yeUow-gree# coloration is pro¬ 
duced, changing 4'-’. light yellow on heating and 
orange on dilution. De Ooiunck (Bull. Sue. 
chim. 1914, 93) states that a rod colour is j^veii 
on adding calcium salicylate, less stable than 
that pro(luc(‘(l by succinic acjd. Ihd-ails a.s to I 
estimation v. (.’lowes, 4. Amer. (.'hem. Soc. 1998, j 
30, 1285; l’ozz,io-Escot, Bull. Soc. chim. Belg. ' 
1908, 22, 413. IMioto-chemical dccomjiosition 
of solutioiiB of malic acid gives formaldehyde, 
acetaldehyde and formic, acetic, glycollio, and 
oxalic agida (Spoehr, Biocliem.<Zcitse,h. 57, 95). 

Malic acid is present in wine.s ^ Mayer, 
Zeitsch. dffcntl. ('hem. 10((9, 15). When fer¬ 
mentation is earned out with pure yeast on 
stiorile musts, no de<;ompoRition of malic acid 
occurs until the wines become contaminated 
with micro-oi^anisms in the ordinal y cellar 
ojierations. Then CTadual fermentation sets in 
and tills liberates the carbon dioxide necessary 
to prevent premature deoav (Rosenstiohl, 
CJompt. rend. 1908,147, 150 ; cj. Mestregat, ibid. 
1907, 145, 200; Emmerling, Bor. 1899, 1915). 


CAST IRON. 

‘ Lebedew show’ed, however, that solutions con- 
I taining 2 p.c. malic acid are fermented by certain 
' yeasts, higher concentrations being more feebly 
I attacked ; the products are lactic acid and CO, 
(J. Soc. ('hem. Ind. 1917,399). Seiffert (Chem. 
Zontr. 1903, ii. 257) has sliowii thttt*malio acid 
is gradually converted into lactic acid by an 
anfcrobir micrococcus {Mi<rorn<:aiJi mnloladinoi ); 
this IS also brought about by liacillns laciis 
ucVtx/(/ix (Hmnierhng, /.f.) liacitlw doaccf- in 
the pri'seiic-c of oxygen givi^s acetic, .succinic, 
and carbonic acids {'riionipson, Proc. Roy. Soc. 

B, 84. 500). 

Ikfedion and fdimafKm in ivincs and- Jrvii 
V. Sehneider (4. Soc. Chem. Ind. 1890, 
1098); Mieko (Zeitseh. anal. ('hem. 405 ; 32, 
481; ('hem. News. 98, 280); Hilgor (Chem. 
Zeiilr. 19(»9, ii. 597 ; Zeitsch. Nalir. (Jenussni. 
1993, 9, 721); Kuiiz (Apoth. Zcit. 1905, 20, 
()77); Me^tzciai (('oin]>t. rend. 1900, 143, 186 ; 
Ann. OJiirn. anal. 1907, 173; 12, 194); Jor¬ 
gensen (Zeitsoh. Nahr. (Jonussin. 13, 241); 
Heidc and Steiner, ibid. 1909, 17, 307); Diitoit 
and Duboux (Bull. Soc. (!him. [4], 13, 832). In 
(ohacco, Kissling (Chem. Zcit, 1898, 22, 1 ; 1899, 
23, 2). ]II cidt'r vivri/ar, Leach and Lythgoe (J. 
Amer. (3iem. Soc. 1904, 25, 375). 

Ammoniiun wnlalc is pri'pared by leading 
dry Nlf^ in(o an ethereal solution of the acid 
(M<'Master, Amer. Cliem. J. 49, 294). 

Copper midaic C^H^O^Chi hanl rhombic 
crystals insoluble in water. A soluble cupri- 
malate is also described (Bickering, Trans. Chem. 
Soc. 1913, 1354). 

Bor malatoB of heavy metals v. Bickering 
Trans, (diem. Soc. 1919, 235. 

wiMidir. and. Mcthyltartronic acid, v. 
Taetjionic acid. 

fi-imMulie arid, j^dlydroxyiaosv-ccink and 
0IIaOH)(''H(BO2H);j. The ethyl ester is ob¬ 
tained by treating formaldehyde with hydixfgcn 
ohloride and adding to the solution ethylso^o- 
■ malonato; the product is hydrolysed with 
; ]}otash a^d the aeid so obtained is a syrup de- 
! composing into acrylic acid on heating (Coops, 

: Rec. trav. chim. 1901, 20,430 ; Chom, Weekbad. 

; 1, 535 ; cf. 'J’anatar, Aiinalon, 273,44), 

Ciirainalic ocul. a-Mdhylmalic acid 

(; 03 H*(:H 2 (CH 3 ) 0 ( 0 H)C 0 aH 

Prepared from acotoacctic ester by means of 
hytlrocyame acid and hydroclflorio aeid (Michael, 

J. pr, (diem. [ii.J 49, 287; Demaroy, Bull Soc. * 
chim. fii.] 27, 120; Morris, Chem. Soc. Trans. 
1880, 9); by the reduction of chlorocitramalic 
acid, whicli is formed from citraconic acid 
((Darius, Annalcn, 129, 1(50 ; Morawslfi, J. 1878, 
721); liy the action of NgOj on methylaapartic 
acid (Piutti, Ber. 1803, 2049); by the action 
of caustic soda on jS-bromopyrotartaric acid 
(S.HomeiiofF, J. Russ. rhys. Chem. Soc. 31, 289). 
Melts at 115°-! 17° and on heating to 200° de* 
ctunposes into water and citraconic anhydride 
' (WisUcenus, Ber. 1892, 190). 

$-Mdhylinalic acid 

COaH*OH{OH)4:H(CH,)CO,,H 

Prlpared by lieating the ester of methyloxal* 
acetic acid with somum amalgam in aqueous 
solution (Wislioonus, Bor. 1892, 199). Colour* 
less syrup. 

MALLEABLE CAST IRON v. Tbok 
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MALLKBREIN. 

MALLEBREIN. Trade name for nluininiuni barbituric acid (Mnrjuri, (Vm. Zentr. 1890), 


clilorato. 

MALLET BARK. The bark of Kucah/ptus 
occidintalin (Kndh), femnd in (^ucotislu?»d. JCm* 
ployed in tanning; <-oniuinM from 30 to 50 ]>.c. 
of tanning'Huhstancc. The cominereial extract 
haH a dcnKiiy of 22'^-24''l>. luid eonta)n'' 30 30 
p.c. of tanning Hulwtauee. 

MALLOTOXIN r. ItEyjNs. , 

MALONAL, MALOUREA. Syr.K for Veroiml j 

1 

MALONIC ACID (11,(('()()I1),, the fieeund ; 

ineint>er of llu* oxiilic acid hoik's, wa.s lirsi 
]>ie])arod by I>i‘ssiUgncH }>y oMdinjiig tnida acid 
with potHKwiuin iliclii'oniate (Aiin:drit, iSoS, 107, 
251}. and'^vVas hnnid by liip|iniitnri among tin' 
calcium salts iornu'd in beet sugai niaiuilac line 
(Her. ISSI, J4, 1IS3). (’ahinin nialoiiate lias 
been found in a lennentecl solution of siicntsc 
eontannng lime-water (von lii|if>ir,ann, Ih'r. 
1020, 53 [Hj 20ti0}. Malomc aeid can be 
obtained by oxidising crude sare<ilaelir acid 
witii jioiassiuni dichroniatc* (Dosstus, ZcuLsch 
C'hem. IStiti, 440); or allylene or projiyl* ne with 
])otnssnim }a;iinanganat(‘ (Heitlielot, Annalen 
(Sii]*l.) 5. 07), by tlie action ol fuming 

nitric acid on In'xabioinomeiliylclhyi Ivctone 
(Deinole, Her. jH7H, 11, 1714); or of boiling 
baryta water on ethyl (hloroueryhite (lOnner, 
iUul. 1H75, H. 0<)3): or of silver oxide at 125^^ on 
ethyl dn ldoroacrylalc" (Wallach, Annahm, 1H7K, 
103, 25): by boiling bromoimicie acid with 
baryta watm* (.lackson and Mill, Her. 1878, II. 
280); or by boilini: liarbiturn- aeid with alkali 
(Baeyer, Annalen. 1804, 130. 143). Malomc ac id 
is best })re|)ar<‘d by the liydrolysis of cyanac-etic ! 
acid ((’onrad, Her. 1870, 12, 740; ibnirgoin, ; 
('om))t. rend. I88t>. OO, 1280). Kndenninn 
(1). It V. 183328. 1007) luis de\ised a method 
for pre])aring inaloiiie aeid fiom ahudie acid ; 
an/1 the aecomiianying re.sins. by hydrolysing 
tlie resin or ahictu' acid with sodiiini liydroxide, ' 
oxidi.sing the jiroduct with permanganate at 0^ 
and separating tJie malomc acid Ironi the mixture . 
of aeid.s by means of its .s|»aringly solnh’le caloiuiii | 
salt. Malonic acid also occurs among the (Un orii- | 
po.sition produets obtained by hydroly.sing eeliu- ; 
lose nitrate with concentrated alkali solution 
(Herl and h'odor, ('iiem. Zentr. lOll, ii. 1030). 

Properties and renc/mw-Si Malonic aeid 
crystallises in large triclime plates, in.]) 133^- 
134^ decomposiifg at a higher temperature 
into carbon dioxide and acetic arid (for its rate 
of deconi]>o8ilion,.sec' ilmslielwood. ('hem Soc. 
Trans. 1920, 117, 150); when heat-ed under a 
pressure of 8-10 mm. it «ublimes unchanged 
(Krafft afid Noerdlinger, Her. 1880, 22, 810). 
For its solubility in aleohoi and in ether v. 
Lamouroux, Coinpl. rend. 1800, 128, 000; 
Klobbie, Zeitsch physikal Ohem 1807,24,1515. 

Malonic acid*’clis.solves in hot acetic anhy¬ 
dride to give a yollowish-red solution with a 
strong yollowish-grt*en fiuorcseeiiec, intensified 
by the addition of glacial acetic acid: the 
reaction is sensitive, being ]>roduced by a 
milligram of the acid (Kleeinanii, Her. 188(5, 10, 
2030). For its absorption of ultra-violet light 
V . Bielecki and Henri (Her. 1013, 40. 250(5). * 

When malonic acid or its sodium salt is 
administc'red internally it passes only in small 
quantity into the urine, and leads to an increase 
of urinary carbonates and to the formation of 


ii. 10(5). 

DcU('H<m and Ksimaiion .—Malonic acid, or 
its esters, mixed with anhydrous methyl or 
ethyl alcohol, containing hydrogen chloride, 
heated for a few minutes and then neutralised 
yields on addition of an alcoholic solution of bro- 
momctbyl furfuraldeliydc and rendering slightly 
alkaline with ah ohohe pota-ssiuin liydroxide an 
inten.se blue tluorcKrenc-e, h’ciiioii (Pro. Camb 
Phil. Soe. 1914. 17. 477). Hougaiilt (J. Hharm. 
('hem. 1913,hit.1 8,289) suggi^sts tlie formation 
of emnnmvlidene malonic acid as a means for 
dct-iM tint; malonic ac id. Malomc acul or its .salts 
may bec^stimated by oxidation with peimiingan- 
atc‘‘ at 80 -90' first in m id and then in alkaline 
solution,and titrating tbc' I'xcc-ss ot peumangan- 
I ate (HuivurI. Ann. ('him. ..ual 1903. 8, 330; 

' t'ameron and Mcl'Avan, Clicm So«'. Proc. 1910, 

^ 20, 144). 

The innlomc ac-id c-oiitaiiHcl in niajile pro- 
I duc'ts IS <‘s(imatc'd by precijutation with normal 
' lead ac-c(iiie and converting the wa.slied prec jpi- 
! tafe* into lead sulphate- hy evaporation with 
mine and sulphuric- acids (Albc-it- P. Sy, (hem. 
i Zc-nlr. 190(1, ii. 714) 

1 Salts. Malonio acul is a strong dibasic ac-id 
'forming both a<-ul and normal salts, and the 
i billowing salts are descril»c‘d : nmiiionnim, 
barium, cadmium, calcium, cc'iinm, chromium, 

1 cobalt, cojipcr, inm, lead, lithium, magnesium, 

' mangam-se, nickel, jiotassmm. siKer, sodium, 
stront-miii, uranium, zim, brucine, jiyridnu- 
ilMassol, Ann ('him. Phys 1894, h"-l* i’ 1^^4; 
Finkelslem, Annalen, 133, 338; Mmzyiiski, 
Monatsh. 7, 2(50; Himlmch. Kilian, Annalen, 
1909, 3(58, 110; Howe, ,). Amc-r. (‘hem. Soc. 
1903, 25, 444 ; Werner, Cliein. Soc. 4'rans. 1904, 
144: J.ord, .1. Phys. (’hem. 1907, 11, 173; 
Motooki Malsiii. J.'(’oil. Sei. Mokyb, 1908, 25, 
li. 1 ; Heinlzcl, Aiimileii, lt,9, 129 ; Muldei, 
Bull Sor. c-lum. jii.i 29, 532 ; Fay, Aiuer. (’licm, 
.4. 18, 281 ; JHilcliich, ('hem Soc-. Trans. 1909. 
I5S0; Keisc-r and McMastcr (Amer ('hem. .7. 
1913,49,84; Flack, Zeiiseh aiiorg. (‘horn. 1913, 
82. 173; Mazzuc-c-lu-lli and cPAlc-eo, Atti. H. 
Ac-eacl. Jnneei, 1912, h'-l 21. H. (520 ; Traiibe 
and (ioodson. Her. 191(5, 49, 1(579 ; W'enier, 
Annalen, 1011, 38(5, 1 ; PfeitTcr, Her. 1914, 47, 
1580). t ‘ 

For toliiidine liydrogwi. inalonates, see 
\ Hninwald (J. pr. (’hem. 1913, [ii.] 88, 17(5). 
i For the absorption K])e<-tra of salts of malonic 
j aeid v. Wright (Ciiem. Soe. Trans. 1913, 103, 

, 528). 

For the dissociation constant of the neutral 
; sodium salt v. Daita and Hliar, ('hem. Soc. 

I Trans. 1915, 107, 82(5). 

I Esters. The ethyl ester ('H 2 (('Oj,Et) 2 , can 
’ be prepared from ihalonic acid by the ordinary 
i proecbscs of estrtifieation (Finkcdslein, 

! 18(54, m, 338; (kmrad. Her. 1879, 12, 749; 

! Phclpa anci 'i’lllotsoii, Ainer. J. Sei. 1908, 

I [iv.] 2(5, 243); but it is more usually prepared 
i by heating eyanoacetie aeid with absolute 
I alcohol in the presence of sulphuric acid or in a 
j current of hydrogen chloride (Venable and 
j Claisen, Annalen, 1883, 218, 131; Noyes, J. 
j Amer. i'hcun. Soc. 189(5, 18, 1105; Phelps and 
I Tillotson, l.c ), and commonly contains small 
I quantities of ethyl cyanoacetate (Crossley and 
I CJilling, C'hein. Soc. Trans. 1909, 95, 27 /.«.). 
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Difihyl malomlp is a coimirloss limiid, b.j). 
107*7"-li)8'2° (oorr.), ap.^r. ] 0U104 at l.V, 
1*05284 at 25° (Perkin, ibid. 1884, 45, 508), 
1*07(>07 at 0° (Wiona. Annalen, 1880, 255, 
298); rn.p. (von Schneider, ZeitHcli. 

physika!. C!hoin. 22, 255. Du-lhyl malonaic 
(in ielrachhndc (’Hj(('()2l^'t)2.Sn(5,j liaa in.j). 
115' -117°, Pfeiffer and Halpenu (Zeilseh. anoifj. 
<5ioin. 11)14,87,555). Kordenvativesof iodo-and 
bronoanils <jf the type (.'«X 2 [^'H{('() 0 E 1 )J 2<>2 
(whore X i.>* Hr or I) and their reduction ])ro- 
clncts an<l hrominc derivativi's, ftr,- .laekson 
and Holton (.1. Annu-. ('hem. Soe. 1014, 5(i, 
1481). The viscosity of tlie cstei ami ils relation• 
.shiji to other physical nropeilM s an* di'seiibed 
by Hilditch and Diinstan (Zeil.seh. Kleklro 
(Jhem. 1012, IS, 8S1). .in<! the (h’smotrupy hy 
Meyer (Her. 1012, 45. 2S<i4). Elhiit hnhuyi'ii 
nnUouute COoKt (Hoff, Her. 1H74, 

7, 1.572), lias Hp.tn'. l'20l at 0’ //j, 1-^17 
at 22“ (Ma.ssol, Ami. ('him Pliy 1S!(4, [vii.] 
I, 184); b ji 117/21 mm, .s|i yr. Id 750 at 
I0yi0“. 1 4275 III 10" (.Maieiiery. Hull. Soc. 

eliim J!K»5. {ni.| .55. 511). vkiIo/kiU 

('lK(('()^.\Ie),, a eoluurle.sH Injuid, lip. I81‘5" 
(eorr), Hper. 1 lri()2H at 1.5'; Idol 10 at 2-5' 
(Perkin, Cliem Soe.'rians J8H4, 45, .500); h.]). 
180 7“ (eorr.), sp.gr 14755 at O'*' (Wiens, Anna¬ 
len, 1880, 255, 207); sohdilies to a Mireous muss 
at —80' (voTi Schneider, Zeitselu jihysikal 
(4ieni. 22, 255). iMereuii salts of jmssihle 
theia|jeiilie ^aIue are obtained by shalving 
mereunc oxide (1 mol.) and methyl malonaK* 
(2J mols ) in water at 57 '; when the mo/m- 
■nu-rcun-dumhmc .-.slt'r Hg((']l((.'().>Me)^i 2 thus 
formed is iiydrolysed the acid loses CO^ and 
forms the tinhi/dndc ot o.ajnnrnfn->iC(lir and 
<.'li„*Hg. The methvl esters of methyl, ethyl, 

I i ‘ 

t'O—0 I 

propyl and aPyl nialonu a<-id, or the alkali salts 
of the acid yield similar eomjioumks (Schoeller 
and Sehrautli, D.H.J*. 208(J54. lOOO; 215571, 
litOO: Hiilmann and llofV, Hee tiav, cliim. 
HUT, 5*', 50(i). Mi'lhyl 8-(i'.n:.of/l-a-i>/i<ui/l(lbijl- 
iwd<.yiat( '^’■^'^•a'^’nPlrCHtCO Ale), erys- 

lalUses 111 large eolourless needles, in.]). i67'’ 
(Kohltr, Heritage, and .Mckeod, Amer. ('hem. ,1. 
1011. -to, '^1^4). I'ilhyl jyroj^il mahnak 
((*%(,Et)(:H2-('02i*r 

b.p. 211“ (coiT,). sp.gr, 1*04977 at 0" (Wiens, 
/.»•.).—hipropiil malcmatr ('ll2((JO.Pr)„, ‘bp. 
228'-229“ at 770*5 mm. <ir 228 5' (eon*.); 
sp.gr. ] *027(15 at O ’ (Wiens. l.<.). Ddnilyl vtuh^ 
mk (-'H2((5>(Ki4li^)2, b.p. 251*5“ (eorr.), sji.pr. 
1*0049 at O ' (Wiens, L<.). J)t-\-amyl niaionate 
CH 2 (( *()()( tjHij), has 8 09" (Walden, Cliem. 
Zentr. 1800, i. 527). *l)i phenyl inolonufe. 
PHglPOaPlOg, has ni.ji. .50', kp. 210715 mm. 
Ihknzyl maloimk t'HACO-OCd-l.Ph)^* b.p. 
254*5714 mm, (HiseholT and llendcnstroni. 
Her. 1902, 55, 3452 ; Anger and Hilly, (/onipt. 
rend. 1905, 15(), 555), bimenlhyl walonaie 
CH 2 (CO*OC’ioUi,) 2 , rn.p. {al^, 79*24° (Uil- 
ditch, Chem. Soe. 'I'rana. 1909, 95, 1579). /erf- 
Butyl hydrogen malonnk (’ 02 H*('H,*(JO„*('.Hft 
has m.]). 102 -105°, gfiW.''i'riohloro U)i%-hvt?/l 
hydrogeM matonaic has m.p. IKP and tlie 
malontk m.p. 102 -105° (Wolffenatein, L.vewv, 
Hachstez, Her. 1915, 48, 2035). 


j Amides and substituted amides. KOiyl 
I mulvnaiiKile. EtO-OOCHa-CONHj, m.p. 507 
I (Pinner, Her. 1895, 28, 473); malonimude 
i ('Ha((X)Xll_.) 2 » 170", soluble in 12 ports 

' of water at 8’ (Henry, Coinpt. rend. 1885, 
jJ(K). 915). • 

M<ilo)iylmiloiinmidc 


CH^' 


CO-XH *(!()•- 
m:()*XH ('O'- 


('ll. 


( in.]i. 252''- 255", inejiuretl by lamdensing 
I maioiiamide and ethyl malonaie, and the alkyl 
1 sulislitiiled dcnvalive.s in wliieh one or more of 
I the mothxlene }iydiog<*n atoms an* replaced by 
! alkyl group.';. iui\e no liypnotic projierties 
; (Romfry, Cliem. Soe. 'I'raiis. 1911. iPJ, (HO). 

Mnhndi nirlliyla/n idi CI L{C() N HMe)^, in.jK 
155 (Wliitele^, Cliem Soe. Trans. 1905, 85, 
24). M<(loiidi<ifiylajnidt. (MP(C(>NHl']t)o, m.p. 
140’ (W:i41aeh ami Jvamenski, Her. 1881, 14, 
17(1; Haekes, West ami V^'hiteley, Chem. Soc. 
Trans. 1021, 110, .‘{(ill) Malondi-n-propylom/dc 
(’•{^(CO'NHIV'),., m.p. !59‘’; wm(o?n/(*n-butyI- 
ainideCH2(C()*XH*(yHj,)2, m.)>. 152‘5' Malou- 
duHiibtili/lanudt ('ll n(C( INII *('411 j)o, m.p. )20'-'- 
127' , ii)alonddienr.ylamtdf- 

CHA(5)-NH -(dl.Pb). 

lu.p. 142 (Haekes, W(*.st and Whitcley, Lr.) 
Malimiiiiilir and llO()('*Clla*C(>NllPb, m.p 
152 with d<‘eompi)Sition (Rugheimer, Her. 1884, 
17.255; Seifert, Her 1885. 18, 1358); for Its 
iialogmi derivatives sn (Uiattaway and Cleino 
((5iem. Soe. Trans. lOlO. 109, JOl); methyl 
imilonitniUdc, m.p. 42'-45" (Slauihnger and 
Hccker, Her. 1017. .50, JOKi); ethyl malommilak 
m )). 5H'“-5!)'' tJluglieinier and Hoffmann, ihxd 
1884, 17, 759); Ihe dermtUve mollH at 

120' ((Jhattaway and Constable, Chem. Soe. 
Trans. 1014, 105, 150); the p-n?<fo derivotwe 
melts at 02'“-05' (Jacobs and Hcidclborge?, J. 
Amer Chem. Soe .‘10, 1454); maJonmonu- 
phchiflannd*- PhHN*C()*CH,*C()NH,..iIl,0 m.ji. 
155’ 154'' (Wliiteley, Chem. Soe. J^roc. 1904, 
95); derivative melts at 2i8''-2207 

the p-amino denvalive erystalJises with 1 HjO 
and melts at 20O'^-2IO (Jacobs and Ilcidel* 
berger./c.); (01 'ON HJO^a, m.p. 

225' (Whilcley, Cln'in. Sue, Trans. 1905, 85, 
24); i]i-mtw)ii,atonanihde, m.p. (after melting 
atl75°-l77° and resolidifying) 198"-200°(eorr.); 
p-nitromalonariiltdf, ni.)!. 24k-242“; m-amiMo- 
w'llonantlidey jn.p. 1H0'°-185° (eorr.). (Jacobs 
and Hcidclbergcr,/.r.); diifnoinnlo7umilidt 
(Ji2((.‘SXHl'h)a 

m.p. 149° (Reinsert and More, ]kT.^I90(j, 59, 
5298). 0 -, in- and p-Malonumidohenzoic ands 
CHafCONH *(Vl4*C02H)2 
inelt and deeom]iosc at 242", 258“ 259° and 270° 
respectively (von Pollack, Mittiatsh. 1905, 26, 
527); the elhiil vKitr of pmalommidohtnzoie and, 
(tO..Et*(;ff,*('ONH*CflH4*( Ojll, has m.p. 172°- 
175'-’ (Schilf, Annalen, 1886, 232, 129; Uazz. 
chim. ital. 1885, 15, 554); malonytdij'henelidide 
CIR(C((NHi'4ll4*(4Et)j 

has m p. 220" (Hisehoff, Her. 1898, 31, 3248). 
I'l# ehloru and bromo substituted derivatives 
of uialonanilidc and inalonanilic acid are de¬ 
scribed by (Jliattaway and Mason (Chem. Soc. 
'i'rans. 1910, 97, 340). Certain of the salts and 
ethyl esters of the three isomeric malontohitdic 
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ocid# COjH'CHg'CONHC,!!,, were prepared by 
Kugheiiiier and Hoffmann (Her. ISS.'i, 18, 2971). 
The 0 -, m- and p- acide melt at 138"-143“, 
99'^—101 and 150" rosju'Ctively ; eompare also 
Cliattaway and Olmatcd fix ii:i8). Malottdi-p- 
tohjlminde. Vdl,((3 )NH-(',11 j)^, Ini.a m.p. 260° 
ni<Uonmono-]i-tulyltntitdc baa m.p. 144 ’; mthudi- 
u-iulylamtdx ban m.p. 19;!" (Wliiteley. lx .); di- 
lUomalondi-u-toluiduh and 

the correspondjng p- iKomeridc mtdi at 122°- 
123° and 145° respecitvelv (K('iHnert and More, 
Ber. 1900, 39, .3298). Midoudi-a-naphilylawide 
CH 2 (CONH-Ci„H,).,. meltK at 22,5"; the 8 -iho. 
mcride melts at 235" (Wliiteley, / c.) a-AUdmi- 

yaphlhil I'fpll ^H 2 , lias m.p. ahovi' 

300° (Moyer, Aimalon, 1900, 347, 17) Midmdi- 
mHhylumhdi' (;ilj(('()NMel’li)., m.)i. 109 

(hreund, Ber. 1884, 17, 133); mfilonJclrd'/fhenyl- I 
amide (.lll jldO'JVl’h.).;, m.p. 219"-220 ' with 
decomposition ; mahmtiimduiK'Un/liinihdf: 

NHl'lilfO-Cll.-CONMerh ' 

m.p. 112° (Whiteley, Cliem. Hoe. I’roe. 1904, 
93). Malmvihnovfihcilzriinltdi- (I,,1I,,|0,N, m.p. 
100°-101° (with deeomp.) (Mnnini, 11 (“SKC and 
Volqnartz, Bnr. 1015, 48, ‘HU). 

Malonyldnmihnnc. CH o(( 'ON H ■('( 
m.p. 124'' {(Conrad and Sidjulzo, Bui 42. 

7211), Mojonj/lpipcndide (^alUnOoNo, m.]). 
(Franulinnoiit, van llijn and Knedniann, Bim-, 
trav. ebini. 1007, 20, 228). Malrntylazontudf 
Cll 2 (C()*N.,) 2 . an uxploRivo oil. i8 convuilt'd 
into methylenodiurethanc. on 

treatment with alcohol (Curtni.R, ,). in-, (’hem. 
1896, [ii.l 62,210). 


Mulondihydroxamic acid- CH 3 {C(OH):NOH) 2 , 
m.p. 160°, ammonium fnalonylkydroxamate 
{NH 4 ) 030 -Olfa<XOH):NOH 
m.p. 181" (Hantzsch, Suhatzmann, and ITrbahn, 
Ber. 1894, 27, HO-1 ; Biukard, Allen, Bowdler and 
('arter, Clieni. Soc. 'Irana. 1902, 81, 1672). 

Nitriles of malonie acid. 'Plic .scm/mVrdc or 
cyauavdk l^N'CHo ('UoH, iiropai'ed by the 
actam of potu.ssnim lyanide on ehloroacetie 
acid (Kupiet, Aim. (’him. PJiyM. 1898, [vi.] 29, 
438 ; i'hclj),'' and 'i'lllotHon, Amor. J. Sci 1908, 
IV. 2t>, 207, 278), forms well-defined large prisms, 
in.]j. 09 '-70''. 1’iio salts of cyanaoetic acid are 
I'ltbei’ amorjilioiis or cryslalhsi^ with difficulty 
{Kngel, Hull. Soc. chim. lii.j 44, 225; Mcacs, 
Annalen, 18(.7, 143, 201). 

ZiV/i/// (■ya7uiatotr t'N't'Ho'dt^gKt, b.p. 207° 
{i*ho!])s and Tdlotson. Z.r 2(^1,257); conden.scs 
w^lh carbamide to form the ester. 


('Oc-NII- 


•('■('Hj-Ctl.Bl 




KiJiyltinemaUmamidc , "-‘kdONll 
from othylonodiainine and inalonumidc at 170 - 
180° (Freund, l.c.); o-plicmjlf /t<")rialovatii/dc and 
o-i(%tjk'nemaloimmide melt above 300° (Meyer, 
Annalen. 1900, .347, J7). 

Malonylcnrhuimdc, horbiiunc, acid ( 2 : 4 : 0 - 
di-ketohexahydropyrimidine), i\ Fyhimidinks, 
Hydrazides. Malonhydrazidc * 
(JJln(C()N'H-Nif2)a 

crystallise.s ill needles, ni.p. 154°; for eondensa- 
tion products with aldehydes and alkyl aoeto- 
acotatc^a, me Curtius, Schofer and Schwan 
(J. pr. (Ihom. 1895, [n.) 51, 180); Ruhemann 
(Ber. 1894, 27, Iti^'H); Bulow and Bozenhardt, 
(Ber. 1009,42, 4784 ; 43, 234; 551). Poliusium 
hydrazino-mulonatc, m p. 174"; hnzijhdcne- 
hudrazino-malonic w'ld 

C02H'CH2C()-Nll-N:(;HI>ii 
m.p. l(t2°V'urtius and Sieber, Ber. 1921,54 [B]. 
1430). M alonpht.rtylhydrazidc 

(:ila(CONH-NHBh)2, 

m.p. 187° (QolA,mitli, thid. 1888, 21, 1240' 
Asher, tbtd- 1897, 30, 1018) 3'he plienylhydra* 
zine salt of phcnylhydrazidcin.alo7i-ic acid 
PhNH-NHaHOgdCH.CONH-NPlPh 
melts at 141°-143°, and yield.s the acid 
00aH-0Hs‘(!oNHNHPh 
m.p. 164° on treatment with acid, and maloUyl- 
pheii;ilhydraz-di\ OH,<;pQ>N.HPli, m.p. 128°, 

when heated at 200° (Fisolier and Passmore, Ber. 
1889. 22. 2728). 


m.p. 1(>2° (cloooni p.), solo ble in 8333 ])artK of 
, water at 24". It gives i/j-toluidine, strychnine, 

I bromine and metallic d(“n\'jitives. 1'he eorre- 
, .spoiidiiig 7)ici}njl (sicr crystallises with JA B ,,(), 
m.p. IIO'’ (anhydrous has m ]>. I2S") and gives 
'.similar derivatives to the idhyl ester (Freriehs 
and Hartwiy, ,1. pr. Cliein. 1905, In.j 72, 489; 
ihid. 190t;,[ii.]73,21). 

'rii(“ 'fitdiu}//, eunipound of ethyl cyanaceiate, 
(i!N'(dlJVa‘('0,Ft oi forms a 

neutral solution m water which is not decoin- 
. posed )iy liydroelilorie acid in tlio cold. Jt 
absorbs lodiiu' ra])i<lly, forming tlic compound 
C^Hp^O^NI, and also ethyl dieyaiiosuecinate, m.p. 
120", as till' result of a secondary ri'actioii 
('riiorpe. (Jhem. Soc. 3’rans 1900, 77. 923). 

[ iVrU/yl npiiKK^tofr CN (flla'COwMe ^ 

' colourless liquid, li.p. 177° (Fenton, (’hem. Soc. 
1'raifii. 1900, 1297). Meidhyl crjanacdalv 

\ flattened needles, m p. 83°-84°, fal^~81'12° (2 
p.c. solution in benzene); the monobromo- 
derivative has ni.p. 134"-135° (Bowack and Tap- 
I worth, (fliem. Soo Proc. 1903, 22). Ozjolylcyan^ 

\ aceXalc. ('N*(/H 2 ‘(X) 4 V,H 4 Me, prisms, m.p 70*4° 
(Haller, (lompt. rend. 1889, TOn, 1116). 

Cyanacelamidc PN (^HjtlONHg forms hexa¬ 
gonal tablets, m.p. 120° (Hesse, Anier. Chom. 
J. 18, 724; Frrera, Gazz. chim. ital. 27, ii. 
412; Sachs, Ber. I'ioO. 33, 964: Fiquet, lx.). 
Cijcmacftanihdf, GN-CHj'GONH-CJgHj, m.p. 
198-5"'-200° ((^uenda, Atti K. Accad, Soi. Torino, 

, 27). 'Phe fluorine derivative 
! CN-CH.CONHOeH^F 

s has m.p. 150°-lt)l° (Wallach and Heusler, An- 
! nalen, j888, 243, 223). Cyamr.etdiphenyUmide 
\ ('N-Gll 2 '('()-N((’eH 5 ) 3 , has m.p. 163°-154° (Gua- 
I reschi, Atti K. Accad. Sci, 3’orino, 27). Cyanacet- 
\ p-iolyUimide, m.p 180° • 

1 (Grothe, Arch. Pharm. 823, 608). 

CtjanaceUylylamide 

<JN-(:Ha‘GONH(J,H,(CH,)2 
has m.p. 167°. 

Cyanacetpiperidide, GN'GHaOONCgHjft, 
forms large prisms, m.p. 88°-89° (Guaresohi, lx.). 
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Gyamceiph^iiocoll 

OEt-C.Hi-NH-GOCHjNHCJO (tlfa-CN 
white crystals, m.p. 28“. 

Cyanaceiylanmdine. 

OMo-OpHjNIllXIC'H.rN 
m.p. and (Ufiimrclijhvt-nmiiionhiiuhh' 

OKt-CeHi-NH-CO'CH^-CN, m.]). 180" 181“, 

yield the corrospoiidiii" o.'caniK' acid on oxidation 
(Nicola, Ann. Chim. harm. 18, 353). 

Cyn-noacefi/lhydrazine ('N ’()'N H'XH 
m.p. 114'5“-115“. With uldehydoH it yields tlie 
compounds CN-(!Ha-C()Nll-jN : (‘Hl(. willi ke¬ 
tones, the comiioiinds {'N-ldf^’CONMN . CRir. 

('f/dffaretyluvcfi/lhyilruzifK , 

CN-CHa-CONil-NII-CO-Cll, 
has m.p. 172°. 

CyaiuicHyl phon/hhljflioni/II/ydraz^m 

C N -C H•( ’(>N 11 -Nil -St V 5 ^ 

is formed by the action of bcnzenesuljihtnne 
chloride on eyanacctvlhydrazme (JtothenlH'rjr, 
Ber. 1894, 27, 18!4). ■ 

(Jyamrelylcf/amnnide ( :N'( dl .,•('()-K 11 ('N, 
in.].. <.):r (j) H P. ll>7188, diem.'Zentr. l‘HM>. 
j. 797). 

(■yanacrlj/li (irlHimidti'N-CW^'CON H Co NIi 
in.]) 212“ (<leconip.l. 'I’Ik) 'niif/iifl ni)liittn.iih\ 
m.p. 20(»', the phaitjl, in j.. 210", and oilier 
alkyl denviilives an- liesinhed (1). R \\ 
175115; (dic'in Zeotr lIKMi, n. Baum. 

Jier. 1908, 41, 532: (‘oniad and Sehulzi*. B«t. 
1909, 42, 735). ’I'hey are employed tecluncaliy 
in tlic production of the jmrme bases. 

Cyanacd/fiuKlIuinr 

r-K Cll3-('0-Nll-(M),.Kt 
m.]). l(}7“-iG8“ (Coniad and Schulzt', l.c.). 

Malomdimtril( ('Hi.(('N)., (Henry, ('ornjd. 
rend. 188G, 102, 1394; lles.se, Amer. Chem. 
J. 1890, 18, 72|1) is a eohairle.s.s (;rvsi,al)ine 


I of b.p. 71*6" (Chautai'd, Ann. Cbim. Phys. 1889, 
I vi ] 1«, 176). 

The diaklehyde and semialdehyde of nialonic 
acid arc stated to bo among the products formed 
when the ozonide ])eroxides of a- or j8-lmoIenie 
aeids are decomposed by boiling Vith water 
(Eidrnann, Bedford and Jlasiie, Ber. 1909, 42, 
1.334). 

Malonic acid halides. MaUmte stmichloridc 
CO^H’Cll.j■(-'()('), m.]). 05“ witli decomposition, 
obtained by the action of lliionyl chloride on 
an etliereal .solution of malonic acid, is unstable 
(Slamlinger and Olt, Ber. 1908, 41, 2208); the 
' iiidliyl idrr has b )). .57 " -59' (Staiidingcr and 
^Becker, Ber. 1917. 50, lOlO); ihiitfhyl eder 
•('(>.I'd. has h p. 170 lw“, (Van ’t 
Hotf, Her. 1874, 7, 1.572), or l»8“-70713 mm., 
loses Hi 3 at 12.5“ 130’, am! yields the com- 
pound yellow ju-ihiun, m.p. 170“-180“ 

(eoir ) (MiTrijuerv, Bull. Soc. chim. 1900, |3| 33, 
.541; lj(!H(;[is, Ber. 1900,39,2(>4l). ThemtnYcor 
rm)uic(tyl(-hlori(i<CH‘V\\^-V(){% was prepared by 
Mulder (Bull. Soc chini. [ii.] 29, 533). Molonyl 
chlondr ('l].^(l obtained when malonio acid 

is nused with an excess of Ihionyl chloride and 
distilled under redueed jnesHurc (Staudinger and 
Bereza, Bc'r. 1908, 41, 4401), and yields carbon 
snhoxide {q.v ) when treated with silver or lead 
oxide (Staudiiiger and Bereza, l.r.), is a colour¬ 
less h<|uid, b.j). .58727 mni. (Auger, Ann. Chim. 
Pliys. 1.891, |vi. 1 22, 32.5). For the eoiiBlitution 
of the chloiide e. Auwers and Schmidt (Ber. 
I9l3, 40, 457). Molonyl hromidv Cll 2 (C()Br). 2 , 
1).]). .5.5 -57 /II mm. (Fleischer,llitteland Wolif, 

; Ber. 1920, .53 fB], 1847. 

I 'I'lie si-mimiiilc oi molonyl hTomide, cyan- 
\ unlylhroiiiuk’, crystallises ui the monoclini<- 
! system, and has m.p. 77“-79® (Hiibner, Aniialen, 
1804, 131, 00) 


compound, in.]i. 29 -30“, b.p. 218-2197 
700 mm. (Henry); b.p. 99711 mm. or J09'/ 
20 mm., soluble in 7-5 parts watei, 2-5 parts 
alcohol, 5 parts ctlier, 10 partfs (diloioform, or 
15 parts benzene (Hesse); lorms the mono- and 
di- silver salts (:iIAg(rN)^ ami ('AgA<‘I '*)2 . 
(Hchse), and reacts with hydroxylamine (1 mol.) 
to form cynnelkmylamidoxiiHc 

* V'N(’H.,-C{NHt):NOH ; 

m.p. 124“-127“ ^ith decomposition, and yi.dds i 
an aedyl and hciuoyl dori\ative, m.p. 142' ami 
184®-192® respectively; mnlonodiam.idot^imc 
CH 3 [(.'(NH 2 ): NOHJj, melts ami decomposes at 
163'-1077 and yields a diocdyl and dihcnzoyl 
derivative, m.p. 1.53“-1.50" and 183“-18,5® 
respectively (Sclndtmaun, Her. 1890, 29, 

1108). For the action of nitrous acid on 
malononitnle sec Diels and Borgwardt (Ber. 
1921, .54 [B], 1334). 

Aldehydes of malonic acid, the firmmldf hydc, i 
CHO’CHa’COjjH, obtained bv Wohl andtCmmer- 
lioh (Ber. 1900, 33. 2700)‘from fi-ehloro])ro- 
pionacetal ih not stable ; 

and its physical constants have not l)een 
determined. The amide (CHO-CHa'CONH.) i 
obtained by Langheld (Ber. 1909, 42, 2300) 
by the action of sodium hyjiochlorito on aspara¬ 
gine, IS not a stable compound but yields a 
rhenylhydrazone C^HuONa, m.p. 239°-240“. 
The rUtrile or cyamcetaldehyde CNOHj-f^HO is 
a colourless, limpid, volatile inflammable liquid 


SlJBS’JTTUTEn MAI>ONiT AciUS AND DERIVATIVES. 

Alkyl malonic acids. The hydrogen atoms 
of the mi^thylciio grou}) in ethyl malonatc can 
bo re])hiecd by Hotliiim (Conrad, Annalen. 1880, 
204, 129; Ballo, Ber. 1881, .336); ethyl sodio- 

malonatc, (JU^Kt't'H (Meyer, Ber. 1912, 

45, 2801), is a colourless crystalline compound; 
it docs not undergo dissociation in alcoholic 
Holiition (Vorlander and Schilling, t6td. 1899, 
32, 1870); IS not stable iiT the presence of 
water, and yields no colour with ferric chloride « 
(Vorlander, iltid 1903, 30, 208). It condenses 
witii alkyl and aryl halides to form the alkyl or 
aryl sub.stitnted malonic ester, thb sodio- 
denvativc of which yields on similor^treatment 
the di-subhtitntcd ester (Bischolf, iOid. 1895, 28, 
2010). For the mechamsm of these reactions 
nec Jackson and Whitiuore tJ. Amor. Chem, 
Soc. 1915, 37, 1522, 1915). 'rte corresponding 
substituted malonic acids can be obtained by 
hydrolysis of the esters, ami those lose carbon 
dioxide when heated above their melting-point 
with the formation of the corresponding aoid 
of the acetic senes : ^ 

CH.((’0J!:t)2->CHR(C02Et)2->CRlV(C0,Et), 

•" ■ “->(!RK(COOfI)j->CHRtt'*COOH 

With the exception of diethylmalonic aoid, 
wliich is employed in the synthetic preparation 
of certain pyrimidines of therapeutic value, a 
description of the numerous alkyl malonic acids 
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does not come within the scope of this article. 
For the identification of the acids by means of 
their j>-nitrob(nizvlest©rs, v. Lyman and Itcid 
(4. Amer Chein. Soe 1017, ‘10, 701). 

D 'u Ihijlinulonic at iil (.d^t;,(C 02 ll),, m.p. 

112"; the (infi//<{ri(lr has ni.jt. 

05^-07" (.SiaudniKcr and OtI, Her. 1008, 41, 
J1820}; the qiiadrimoliC.ular anh/idride lias ui.]). 
220'^ (Kinhorn ami Dicsbach, Her. lOOG, 8f), 
1222), and a liquid anhydiidr is dcscribcjd by 
Ott (Ami. J0J8,401, loO); the <lhyl hasb.p. 
228-r»"-220‘r)" (corr.) (Michael, \l. j»r. Fhcm. 
I0(»r), [ii,J 72, i)‘17), for Its absorption spcc.tra v. 
Uraiimtran JMaohel li, Slcwart (<-iiciii. Soc. Trans 
lOl.’b 100, 40()); tru'lliyl (■.‘<frr lias b.]>. 204’-20.V 
(Meyer, Her. lOOtl, :i0, 108); ]<-7niroh(’nzi/J 
in j». Oi'2' (Layman and Real. .). Ani<‘r. I'licin. 
iSoc, 1017, 80, 701): du’th;ihnuU)iinit of (/!i/r,oU’ 
annde CFt^(C( )•()•( Oij't'O-NlL,)^, lias’ll!.p. I2(>' ; 

dit'thf/la7M)coi:l}iy{ diclhylii\(d(»tali’ 

CFtALO-OCH.-Cfl.-NFti,), 

(Kiiihorn, Annalen, 1008, :ia0, 145); Hhifl 
dicHii/lmaloiuunalc, lias ni.}). 70" b.}). 208’^ 

(I). R. R. 182045); UicJtlorhntijl hydroqon divtliifl- 
maloiinlc has m 2 > lOO"’' (1). R. R. 280001); 
dielhfihnaiovomic and, in. 2 ). 140", duthylma- 

(o)/doikyl.aina- acid M Ft/'O ( in}). 

88"-00" (Kiiilioni and l)n‘sl)acli, Her. lOOli, 

80, 1222); dalhflinaloiaii/ndc, ni.]». 224’’ (<‘()rr.) 
(Fis< hor and Diltliey. I ionns a crystallino 
compound. ('Fl_.(<'OI'JJL)^. <'(’I ,•('IK), 178" 

witli chloral hydrate* (Riirrows and Kcums i 
Chein. »Soc. Trans. 1007, OJ, 200). Jftclliyl- 
malamjlfnaloiuuiiidi' has m.}). I75"-170", di~ ■ 

(’thyhnaloaylmdhybtuiloHiimidi' lias m.p. IIH’- 

110^; duUiyUmilimylilhiilmaUaunnidc, ni.)i. 88"-- 
80®; diclhyhnalonylbi iiziduii, ni.jt. 224' 
(Rcpifry, I.C.). J>ii (In/hnalan>/lmouophia/i/lamide 
NiryCO-COOt/RO'^JHRJi. m.p 1.82' the .n«/- 
pbaftilidc NIL'CO CFL'RI >-N H'( ',ill ,’SO|ll, has 
a strong aci<l reaction and dissnnposes car¬ 
bonates, m/(/ , 

NHRh8:(»(‘ICt,-('()JI i 

m.p. 10.5® ((Jonrad and Z.irt, Aniiahm, 1005, .840, ; 
88.5). I>n'lh//Ii/i(doHyl-])-]>hrn(lidim‘ 

(lKt2((;0-NH‘(VJ,-0Kt)2 
m.}). 143®, bas anfipyrelic i»n>jK;rtie.s and exerts ■ 
a Noponlie action *(!), R. K 105811). J.>l(ihyl’\ 
• malonyldiarcthciiic ('FU{CO-NH'OO^Et)^, a thick 
oil (Traubo, J>. K. R. 17!*040): vreido oJ diiihyl- 
rnnlonic acid (’Oalf'tTltg'CO'tJH'CO'NIL, m.p. ' 
102® (cor^.) (Fischer and Dilthey, Annalen, 
885, 334); ethyl dic/hyhnalanyliircidc 

OO.Ft-CEt/CO-Nir-fO-NU, 

m.p. 85® ; mcihyl^alhjhmlonylureidv, m.p. 115® ; 
(Boehringor and ISohne, I). B. R. 10.8447); 
dkthybnalonyl uram idc j 

NH.COCFtaCONiri'ttNlR 
m.p. 109® (donrad and Zart, /.c.); diethyl- 
malonylteiramelhyldicarbftinide \ 

OEtAOO-NH-CO-NMoj). ^ | 

m.p. 158®; diethi/lifialonylteiracthyldicarhamidef ' 
m p. 123®-120® ( Einhorii, I). It. P. 103440). j 
Diethyl inalonijla nlhra inla wide I 

OEt,(CO-XH'(.!„H,-CONH,), 1 


; m.p. 215® ('ycXoIHethylmalonylhydrazide 

x:oNn 

I CEt / I 

i Njo-nh 

I m.j). 250® (Kinliorn, Annalen, 1908, 850, 145). 
] iJuthi/Iinulon'Mliinlnlc ('Etj((,'N);,, m.p. 44®, 
' b.]). i05"-l05-r)‘‘ (Hesse, Amer. (Oioin. J. 1896, 
• 18, 728; Errera an<l Hcrle, Gazz. cliim. ital. 
1890, 20, li. 220). 'Phe .sonunlnlc of diethyl- 
)natv)nc a< id [didhijlcyauncclie aod) 
('N-C'Et/OOAl 

has m ft. 57®, b.]». 102® J()4°/18 mm., the ctln/l 
It.j. 215® 2J0®. lOO'^-IOR'/M mm. (Hesse, 
Aimi. chrm. .1. 1890. 18, 728: Hesslei, lx. 
J7I). fhilhylcyaitacilaniidc ('jN (d'lt^’CUi)] Ho, 
eolonrh'ss j)lal(“s, m.j». 120' (lles.se). Diethyl- 
muloiiic .SI iiiichlondr is an oil (Standinger and 
Oil. Her. 1908.41,2208); dutln/hnaloiiylchlondc 
Gi:i,(<'(H'l)j, iios h.p. l90-5®-197-5® (Fiselier 
ami Hiltliey, Her. 1902, 88, 844). 

Acyl malonic esters. Tlie a(yl (h-rivatives 
, of tmilome esters are })n-]>ared by ihc condensa* 
hon ot Hie sodiomalonic esier wiHi the acyl 
chlonde; Hu* t'orresjaniding acids are not 
know'll. For the eonstitiilion ol the esters see 
von Auwers and Autfenberg (Her. 1917, 50. 929). 

'Phe aet'lyl, diacetyl, jiheiiacetyl, dijihen- 
ae< tvl. j)io}nunyJ, bulyryl, benzoyl, nitro- 
ben/oyl, sm-<-inyl, a<li])yi, })hlJuilyl, and 
caniphoryl maloriK I'sirrs and d<“rivatives Imvc 
been jirejuiK d, .s<‘ Michael, Amer. (’hem. J. 
1892, 14, 481: .Sciiolt, Her. 1891), 29, 1985; 
(I'umehani, Hull. fSoe elum. 1895, [mi.| 18, 1029; 
Held. (’o]n])l rend. I Hi, 720; liUng, Her. 1887, 
20, 182(); Knoevenagi-I and FalaT, Her. 1898, 81, 
2771 : ('laisen, AimaJen, 1890, 291. 72 : Hiseholl 
and Radi. Her. 1884, 17, 2708; Haller, Hull. 
Soc.ehnn lii.]45,27l ; Harthe,|ii.l21,520 ; 
Scheiber, Her. 1000, 42. 1818; Wislieenu.s, 
Annalen. 1887. 242, 28 ; Wisbcenus and Wjnzer, 
Annalen, 1800, 257, 298 ; H.aeyer, Her. 1892, 25, 
KKIO*^ Ingle, Her 1894, 27, 2520. 

EHiyl sodHimalonule eondenses with acetyl 
salieylyl chloride or ortho substi(uU*d salieylyl- 
<'lilondes to form ethyl /i-hydroxycoumarin-tt- 
carboxylate 

(HOH):G()..EL 

I ' ' 

-CO 

or the corresponding oitbo-siibslituted deri¬ 
vatives; tlie acids obtained from tbos<' com- 
])om'ids by hydrolysis lose carbon dioxide and 
yield tlic /5-)»ydroxycoiimarin 

G(()H):CH 

I 

0-CO 

or on ortho-substitutcd derivative, substances 
of })otcntial thera})cutio value. 

Klhyl ^-hydAtrycouirmim-a-caidfO'xylatr has 
m.p. JKP ; ^-hydroxycoimarm has m.p. 200®; 
ethyl 8 : -yaheldom.ji hydroxycou'inarm-a-carhoxyl- 
ate has m.]). J85®, and : 5-dicMoro-^-hy- 
drorycvumaiiii has m.p. 275° (Aktien Geseil- 
schaft fiir AniJinfabrikation, I). It. P. 102096. 
1899 ; (•/. An.schiitz, Her. 1903, 36, 403). 

Chloro, bromo, and iodo malonic acids. 
Malonic acid, jts esters, amides and substituted 
amides react readily with chlorine or bromine, 
forming under suitable conditions the mono* 
and di-halogen derivatives. The halogen in 
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certain of tliew compounds is highly reactive 
and liberates iodine from liydrogeii iodide with 
the regeneration of the malonic compound 
according fo the equation 
{OONH.,).,CBra|4Hl 

Tlie roautioii is in most cases quanlitaiivf' and 
aff(»rd8 a rapid means of estimaling tlic haloifen 
in the compound (Whitclcy, C’hcm. Soe. Proc. 
llH)8, 24, 27H; and Baekes, West and Wluteloy, 
Chem Su(r. 'IVans. Jh2l, JiO, 35S0- 

Chhromalonic a< id (1-1(3(00^11)^,, ni.p. 133" 
(Conrad and (lullizoil. Ber. ISS2, 13, llu; 
dhyl b.p. 137"-J3!C/r)n mm., sp.gr. I•i77(^ 
at 2()'-‘/4'', 7ij> C4327 at 20'^’ (Bruhl. .1 j)r. (.'Iiein. 
[ii.] 5(1, 140); b.j). Ol'Y- Him, (l<\usjer and 
Muller, Chem. Soe. Trans. llllO, !l7, i2<>); the 
fieiniiuinlc or eihi/l rhlorocyitnantiitr 

CN-CirCTCO.Kl • 

b.ji. lilO ' (Hemy, C<mii)t. rend. 1MS7, 104, 1(118). 
(■hloroimdoiuimidc <.'U(J1(('0NU^)^, m.j). I7(C 
{(’om*ad and Bisclioft, Annalon, 200, 231); 
chloroiiudoHdinirfhi/Janilidc CnCl{C()NMePh),, 
m.p. 181", and rldoronialiiiildritplntii/feiinidi 
CllCI((JON Pii^)m.p 2T‘C (WhiO-ley). ChUn- 
nudontddchifdi' Oil Cll. CCi'CllO, m.]». Ill', 
gives wi!0 iinilme, IIk^ iii<moiin\hdc 
Niri'h-(!U:C:CK:U(> 

in p. 103° (l)jecknianu and Tlalz, lier. 1004, 
37, 4()3H). 

IdfJiloromaloritc (uid CC1.(C0,I1). {r)t)o(son, 
Chem. )Soc. Trans. IHOO. lOO); the andiiif .vdf 
lias m.p. 105° (Conrad and Iteinbach, IkT. 1002, 
35, 1813); llie rthyl rshr, b.p. 23!°-234°, sp.gr. 

1’208 at 17"/J5' (Conrad and Brucknei’, ihid. 24, 
2fl03); the inctin/l (dir, ]>.]». 110°-I20°/20 mm., 
(Zinckc, Kegel, ihid. 1800, 23, 244). Dnldoro’ 
miduninuiilr. m.p. 204° ((\)nrad ami Biuekner, 
l.c. ; Zmeke <ui( I Ki'ftol, 

fituKioi/iiilonii ULid C'iIBi(C()2ll)j (I’elru-IT, 
Ber. 1878, II, 414 ; Coniad and Jieinbach,dh'r. 
1002, 35, 1813; J.utz, Ber. 1002, 35, 2.540;’ 
Biilmaim and Madsen, Aimalen, 1014, 402, 331) ; 
crystallis'^ s in jilates, m.j). 113° ; I lic liiijuirn Md(, ; 
and Hie .sdver w//* aie erystallm<‘. Mdhyl 
fironwmulonyl ch/oridr, b p. 00°-OC710 mm 
(Staudingcr and Becker. Ber. 1017, 50, lolll). ' 
Methyl hioi.^xdoinLle ('HBr^JO^Me)^ is a e.oloui- 
less mobile jfquiil, b.p. 145°/22 mm. (Kohler, j 
Heritage, McLeod, Amor. (Jhem. J. 1011, 40, ; 
234). Ethyl hromvmnlonuk fliBr(C()j.Et)j, I 
223°-235° with slight d(;coinpoKition (Knoo- 
venagcl, Bor. 1S88, 21, 1350), 11H°-110°/11 mm. 
(private communication); 150°-152725 mm. ; 
(Bischoff, Btr. 1907, 40, 3134); sp.gr. 1-426! 
at ir>° (Conrad and Bruckner, Ik-r. 1801, 24, ! 
2997); methyl hromomaloiudc (.'IJBr(COjMc)2, i 
b.p. 112'r)°~li3°/ir) mm. (BisfthofT,/.r.) hromo- 
malonmnidc CHBr((X)NH2), 181'’ Bromo- 
maUmdiurdhane (-HBr(C(J-NIl-C()2Et),* m.p. 
148° (Baekes, West and WhiteJey, lx.). 

For the bro7nor}mlon-&\ky\-amid(ii, and the 
hromomalon-myUimidef^ ami their hroininated 
derivatives, see Baekes, West and Wluteloy (/.c.). I 

Methyl (yromomdonaniliUe, m.p. 113 -114'’ 
(Staudinger and Becker, (.r.). 

The seminitrile or brotnocyanacetic acid 
CN’CHBrd'O^H (I’etricff, J. Huss. Phys. (‘hem. 
Soc. 10,100). Ethyl hromcyayiaceiale, b.p. U6°/26 
mm. (Nef, Annalen, 1897, 298, 202). 


BromiruuonUrik CHBr(CN)a, has m.p. 05°- 
00° (Hesse, Amor. Chom. J. 1896, 18, 723). 

Bromotnalonaldchydf OH'OH: CBr’CHt), m.p. 
140°; the anilide NHBlrC.H: CBr’CHO. has 
m.p. 184° : the dianiUde hydrohromide 
NHPiiOH ; CBr CH ; NHPli, ftfir 
I erystallises with EtOH and has m.p. 217° 
i (Les]>ieau, Compt. rend. 1001, 133, 538). 

' JfibronioitiitJdiuc uCid CBr._.((X)2H).> (INdrielf, 
Ber. 1874, 7, 4(»0 ; Willstatter, Ber. 1002, 35, 

I 1374 ; Ctim-ad and Uembaeh, Ber. 1002, 35, 1813) 
lias m.]>. 130 -131'' (Willstatter), or 147° (Conrad 
, and Bembaeh); the heat of .sohdioii is -f-2*tl2 
: eal Polnssiiuii. hydioi/tn ddmunvrmdonute forms 
brilliant anliydrous crystals, heat of^lissoiution 
'5 ()0 cal. : the poUtsunm .•nilt becomes unhy* 
drouK at 100 ", dceoni|)oscs at 200°, and has heat 
of dissolution - 0-04 eal. (Mussol, Coin|)t rend. 
1802, IM,#1200); the crystalhno aniline salt 
melts at 113” (Coiiiad and Reinbaeh, l.c.). 
Methyl dibronioiiialounlr ('Br2((X)2Me)2, m.p. 
63 ' 65°; dhyl ddnai/ioiitalonate has b.p. 145°— 
155 /25 mm. (Conrad and Bnickner, Ber. 1891, 
21. .3001), b.p. 126’-*131'^/14 mm. (lleitter and 
Wenidel.jfm/. J1K)7,40,3358); J.35’°-J37713 mm. 
(Buliemnrin ami Oilon, Chem. Soe. Trans. 1805, 
()7, 1003); b.p. 134°/12 mm (private com¬ 
munication). i)d>roiiioniah)Kniiidc 

. CBr.,((’ONH2)2 

m.p 203° (Baekes, West and Whileley, l.c.), 

' dibroivomalondivuthylanndr 

CBr2(CONllMc)3 

, m.p. 162° (Kreund, Bf-r. 1884, 17, 780); di- 
: (iratnonudonaiididf CBr2(C()NHPh)2, m.p. 147° 
(Staiidmger and Bereza, Ber. 1008, 41, 4405; 
Bairkcs, VV'est and Whitelcy, l.c.). 

Fur otiicr dibromomalon-aWiyl-amides, and 
ddiromomidon-aryl-amidi s and their brominuted 
derivatives, wv Baekes, \\Vst and Wliiteley, ?.r. 

Jtdiromoniidoiiilule CBr„(CN)o. m.p. 123‘5‘- 
121° (Hesse, Amor Chem.'.7. i'806, 18, 723). 
Jfihroniawuhaiylcldondi. (dlr2(C()(3)2, has b.p 
75 -77 /JiT mm., and sohdiries at the ordinary 
tempera! lire (Staudiiiger and Bereza, Ber. 1908, 
41. 1461) , dkOronioitiidonylhrouiide. 

CJ{r2(C()Brl2 

has b.p. 01-92713 mm. (Staudingcr and KIc^cr, 
dud. 1008, 41, 006) 

Iodohudoitdimdhylundidc • 

CHJ(CONMePh)2 

lias ni.p 1()4° (Vorlandcr and Herrmann, Her. 
1898, 31, 1826). 

Di-iodoinahnir nad C!2(C02ll)2, is very un¬ 
stable ; it cry.stallises in pale yelloi^ leaflets, 
m p. II0°-120°. The mdhyl cMcr crystallises in 
]jale yellow needles, ni.p. 79'^-80° (Willstatter, 
Ber. 1902,35, 1374). ^ 

Ethyl ehlorobromornaloiudc CC]Br(COaEt), 
has b.D. 136°-l39°/35 mm , sji.gr. 1*407 at 
10715° (Conrad and Bruckner, Ber. 1801, 24, 
2093); tlio methyl esUr is crystaDinc, m.p, 
40° 42° (Bi.schofT,V.or 1907, 40, 3150). 

Derivatives of eyan^alonic acid. Ethyl 
cyaiiotiudoiwle CK*CH((x<}2Et)3, is a colourless 
oil, fc.p ]20°-130'725 mm., with a ])ungent smell 
and acid reaction, and forms crystalline soluble 
salts. Methyl cyanomalonaie also yields crystal¬ 
line metallic derivatives (Haller, (^ompt. rend. 
1882, 95, 142; Ann. Chlm. 1889, [vi.j 10, 
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403). The ethyl ester ot the Hminitrile {ethyl di- 
cyanaceiate) (CN)aCH*C 02 Et is crystalline, and 
forms crystalline sodium, silver and copper salts. 
The methvl ester is also known (Haller, Compt. 
rend. 1890, 111, 53). 

Ethyl yawmalonaic, or ethyl c.yaniminvym- 
sitccinaie NH:(J((‘N)‘(.'H((.’ 02 Et) 2 , colourless 
needles, m.p. 93'^. 

Derivatives of trlazomalonlc acid. Ethyl 
methyltrinzornalonate is a 

oolourlc.ss liquid, b.p. 09'70'H niin., s]>.gr. 
1-11095 at lO'yid'^; 'melhyllriazomalonfwitfk' 
OH-j-ONaiCONHa),., m.p. 137-5^ methyUnaw- 
malonie ni.p. 87 .V ; ethyl 

triazomalomc acid ('aH. (!N.,((H)^ 11 ) 2 , melts and 
decomposes at 105' -107''; the ethyl e,\((r has h.]). 
83'5®/9'7 inm., sp.gr. 1*1101 at lO^lO^; Ihe 
amide, has m.}). 107'’. 

PhenyJfnnzomoloMC (le.id. Cjllg*(!N 3 ((UloH 
m.p. 99®; the ethyl ester ileeotiiposes Wi atteinj)t- 
od distillation, urnide lias m.]) 189 ’. Ethyl 
histriazo7naIovatc has b.p. 115®- 

1I5-570-81 mm., sp.gn- l-fllio'at 20", and is 
deeornposerl violently hy snijihnrie arid ; the 
amide nicl(..‘> at 102" with vigorous dccoinposi- 
tion (h’orstcT and Mtiller, (’hem. Soe. 'rrans. 
1910, 97, 120). 

Amlnomalonic acid and derivatives. Amnu)- 
iiialomr arid ILN (dl{('O^H)^,ll.^(), imp 109® 
(Haeyei, Anniilen. 131, 291; lluiieinnnn and 
Orton, (3n‘m. Smt. ’I'rans. 1895, 07, 1007 ; JjUt/, 
Her. 1902, 35, 2519); <Jh>fl /umiamadatiale hydro¬ 
chloride H2N*('lI{(3).^Kt)2,H('i, forms colourless 
needles, m.p. 102 ' (dceoin]i.). 'I'lu; hydrochlo¬ 
ride of the methyl c-der ineHs and dec<iin]io,ses i 
at 159®. A7ninom(iloii.ainidr !LN‘(dl(CONH 2 ) 0 , j 
m.p. 192® {((onrad and (.Juthzoit, Ker. 1882, 15. j 
005; Pdoty ami Neresheimer, thid. 1900, 39, | 
514). Amht-oin.alon<milide {('O iVIIPh)j('ll’Nil -m j 
m p 141®-j42’; amin.om.atondun<tluilainlid( 
(C'ONMePh)^('H-NH.,, imp. lOS": arui‘no7tiiiloTi- ■ 
{('(.)N'IMk) 2 ('I!-NHo, im]i 200■ 
201’'', arc ohtamei! hy reducing the eorresjiondiim j 
fsonitro.so derivatives (Wliitelev, Clieim iSoc. j 
Proe 1904,92). ' , 

Methyl formyl(/7Hui07iinl'i7tn(c 

(:ii()'NH'(‘H((.'O.Hc)j j 

imp. 85", b.]). 250® (decoinp ); th(‘ ethyl esi-r lias i 
imp. 48®; tiie amide, has m p. 200 ' (decomp.) | 
(Conrad and Selmlze, Her. 1909, 42, 729). 

Diarntnoiiialoivurnde ( (NH.>)j((’O-Jv’irg)^ 
(Conrad and lirueknor, Her. J89i, 24, 2993; i 
Kuh^ruann and Orton, Clieim Soe. 'I’l’ans. 1895, | 
07, 1002) loses ammonia and yields imniomaJvn- | 
amide NH:C(CO-NH.i)a when carefully heated ^ 
at 90®-100®. Mdhyl le,tramelhyl<iiamuio7nnlonat( 
C(NMc 3 )a(tX) 2 Me)a, has m.]) 83®-857 and yields 
on hydrolysis ietrameth yldiam hiomahTiic acid, 
m-j) 133° (WillHlatter, nVr. 1902, 35, 1378). 

I m I ?iod I mal^M midc 

(H3N*OC)2('H'NH-t‘R(CONil„)2 
decomposes without fusion (Conrad and Guth- 
zcit, Ber. 1882, 15, 0tJ5). 

Anilinomalonie acid Nl!Ph*CH{COdH) 2 . m.p. 
118®-liy° (Rcissert, B^ir. 1898, 31, 382“; (Vnrad 
and Reinhaeh, ibid. 1902, 35, 511). Ethyl 
a7iilimmalonate NIlPh-tT^tXljEtlg, m.p. *44°- 
45° (Curtiss, Amer. Chem. J. 18}l7, 19, 091), 
yields iiuloxylio acid when heated (Blank, Ber. 
1898, 31, 1812). 

Methyl a7iili7iotrMlonafc, m.p. 08°; the hydro- 


ainride has m.p. 133°-136°! the amide, m.p. 

l. W“. ^ , 

Ethyl y-toluidt7iomalo7Mte and ethyl p-mph- 
tkylamiiiomnlon'ite melt at 55° and 88' i*e8jjcc- 
tively and yield indoxylic acid derivatives when 
heated (Blank, Ber. 1898, 31, 1812). 

A nilinomalonnnilic acid 

NHPh*CH((X)2H)(CO‘NHPh) 
melts and decomjioscs at 157“ (Iteissert, l.c.y 
A7iditio}7ialomiulide, m.j). 240“-247° (Wisliceuus 
and Miinzeshcimer, Bor. 1898, 31, 551). 

Ethyl dia7iihnomaIo7iat(i (NHPh)2C(C02Et)2, 
t m.)) li7"-ll8" ((Xirtks, Amer. Chem. J. 1^^J> 
19, 091); methyl dia/Uliiwinalonalc, in p. 124“— 
125° (('onrad and Ueinbach, Ber 1902. 35, 511). 

A'/hiH'iie diamlmmualoiiatc, melts and decom- 
pose.s at 120° (Conrad and Hcinbach, Ber. 1902, 
35, 1813). 

Methyl 'pin nylu/niiom(donale 

' "phN:(’((‘0.,l\le)2 

■ LS a tliiek yellow oil, reacting vigorously witli 
j water, aleoiiola, ammonia, iiniim's and acids to 
fnrui substituti'd anilinomaloiuite.s (Curtiss and 
I Spencer, 3. Amer (diem. Soe 1911, 33, 985). 

Alkyl- and aryl-oxy-malonic acids. Ethyl 
elhoryvmloanie C(l((_)Kt)(CO.^b]t)._. has b.p. 228° 
and yield.s on hvdrolvsis eihfl fihoxijmalo-nk acid, 
imj».'l2:C-125°. 

Ethyl dirihoxymalo/Mle (.!(OKt).,((3)._5Et)2, 
m p. 43°-44°, b.p 22H' (Biseholl. Ber. 1897. 30, 
i 487 ; (’urti.ss, Amer. Cliein J. 1897, 10, 09J). 

Ethyl dipheiiOTymahmale C{CPJi) 2 ((X> 2 Et)», 
'(>.]). 250“-2h0700 mni. ; the "nd has imp. 173". 

Ailrop/niio.rymaloiiales. Sodium 0 -, w- and 
/i-mtroiihenoxides react with hroino-inaloiiic 
ester,H in benzene or xylene Holutuin aecording 
to the equation 

m. pi\ ll^ONa I (’\Ur(C().V)o 

Nalir i N()/C,H 4 *(»*C>:(C 02 Y)g 
where H. Me, Kt : V • Al^, lOt; and sodium 
iiitio|)hom)\Kles cuiidemse iMtli metlnl ami ethyl 
di hi^unomaii 111:1 (es yielding hi'<nitrojdienoxy- 
malomc esteis (CCOR),('(()•(V.II 4 N()o )2 (Bis- 
elioff. Ber 1907, 40, 3134", 3150). 

Nitromaionic esters and derivatives. Ethyl 

nilromahmafe NO^ CH((X) 2 Et ).2 is a colourless 
liquid, b.p. 127710 mm., sp.gr. 1*1988 at 20°, 
I 220 at O'; the alkali salts are bright yellow 
and ])rohahly hafo the t.voniti^ structure 
(COolCt).^(’:N()-()R (Wahl, (*.anpt rend. 1901, 
132, 1050; cf. Francliimont and Klobhie, Reo. 
Ira*, i-him. 1889, 8, 283; Hanfszcli, Ber. 1907, 
to, 1523 ; C'Urtiss and Kostalek, J. Amer. Chem. 
Soe. 1911, 33, 902); ‘methyl hitromnlv7iate, 
N 02 *t;}l(<.X).,Me )3 lorms a crystalline am¬ 
monium salt, m.p. 16(5° (Franeliimont and 
Klulibie, I.C.). Ethyl hroinotiilromalonate 
JNa/CBr(C02Et)2 

is a neutral oii, b.p. I3()°-137711 mm. ; the 
melhyl>^(’ster has b-ii. 133710 mm. (Willstiltter 
and Hottenrotb, Ber. 1904, 37, 1775). 

Nitnmialowimidc N02*cri{CO*NH3)2, forms 
six-sulod colourless prisms, m.p. 172® (with 
decomposition). The potassium salt ia colour¬ 
less, but yields yellow solutions (Ruhcmann and 
, Orton, Chem. Boc. Trans. 1895, 67, 1002). 

' Bromointroimloiamnde NU 2 * 0 Br(CONH 2 ) 2 , has 
, m.p. 131°-132‘^ and decomposes on boiling 
with water yielding bromonitromethane (Ratz, 
Monatsh, 1904. 25, 687). 
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Nitromnlommlide NO|‘C‘H(CO‘NHI*h)2 > salt {OONHj)jO:N‘OAg,2NH8, dwp yellow 
(Michael, Ber. 1905, 38, 22; WMteley, Chem. | priematio crystals; poicwsium salt 


(CO-NH,)sC:N-()K 
is yellow, and forms with ferrous sulphate tho 


Soc. Proo. 1904, 93) forms pale yellow leaflets, 
m.p. Ur~142®. 

Nitrornalonic aldehyde CHO’CHlNOjl'CHO I . 
has mp. 50°-5r. For its condensation pro- \ ferrous potaestum salt 
ducts with amines, hydrazines, and hydroxyl- | {CONHa)j'C:N'OK,[{CONH2),C;N*UjsFo 

! which crystallises in well-defined purple prisms 


aminos, v. Hill and Torrey, Amer. ('hem. .7. 

1899, 22, 89; HiU and Hale, Amer. Chem. d. 

1903, 29, 253. 

Ethyl ester of the seminitrUe of nitromulonie, 

(icid or ethyl mlrocyanorelatf, ('Nd'Hl^OalCC^Ft, 
yields a jiotassiuni salt, m.p. 240® ((Jonrad and 
Schulze, Bor. ltK)9. 42. 735). Nitroeyan/icrtamide 
(fulmmuric acid, y.v.) (CN)Cll{N02)C(»iH2 has 
m.p. 145® (dccomp.) ihid. 739. 

Nitrocyanacetyl carhaniidc 

UN-CH(NOj.)CO-NH-C()NH2 
is obtained as its potaHSiiim salt by the <>xi(^- 
tion of the corresponding nitrosci compound. 

icoNitrosomalonic acid and derivatives, iso- 
Ntfrosoiiialonic tiad ■:NOH. m.p. 120''’, 

first olitainofl hy Bar\v(“r by hydrolysis of 
violurie acid (Bacycr, AnnaJcn, I8t)4, 13J, 

292; Conrad and Ber. 1880. 13. .59.5). 

is identical with the o\imc of mesoxalic aeid 
prepared from im'soxalic acid and iiydntsyl- 
amine (Meyer and Muller, ihid. 1883, 10, 008). 

Elhyl ihoiuirosifniiilonole (C()2Kt)2C:-N<>11 (Con¬ 
rad and Bischotf, Ber. 1880. 13. .595), is a , 
colourless viseid liquid, b.]). ]~2^‘l\‘2, mm., spgr. i 
1-200 at (Bouveault and Wald, Ciunpt. ' 

rend. HM)3, 137, 190); or M49 at 15" (Conrad j 
and BiseholT, l.e.). Methyl v^onitrmomalomjte, \ 
b.p. 108®/13 nun, m.]). 07® (Bouveault and j 
Wahl, /.c'.). F(*i’ o.rrminomalowmic aad | 

COOH-C(:N()]-I)-CONH2 | 

m.p. 137® (doeomp.), ami oriminonMlommiduie \ 

C02H'(-( : NOll)-i|’( ; Nil)-Nll2 (decompoHCS at' 

283°), and allied eompouml.s. v. W'lelaml and 
Baumann, Annalen. 1912, .392. 190. ^ i 

Tile iiwnitroNo derivatives of muJonaiiudc ; 
and the subslituted amides of imiloiiic acid are I 
obtained by llie action of lulrosyl eldondc at • 

0° on tlio amide dis.-iolved or susjicnded m dry | 
cliloruforni, and the yield is UKually quautita- ! 
live. ' 

iwNitro^malonamide ^uid the alkyl sub- j 
.stituted demi»iti,ves arc e(t)ourless, the aryl ; 
substituted derivetivi^.s arc yellow, oi- exist in 
two lorms one yellow and one eoIourleB.s, ex-' is pale yellow, m.p. J40°-141°. 
liibiting dynamic isomerism ; all the wonitroso \mNilrosomolondi'a-uayhthyla'mida 

derivatives farm eryslallinc yell.nv alkali and ■ (C0NH-U„H,),0;N0H 

Silver salts, and deep violet or blue ferrous sall.s. i i , 

It is probable that the yellow i.s(mitroso doriva- orange coloured, 184°. • 

lives and tlio salts po.s8C3» the true oxinuno r i^ohiirosomalondi-p-mpldhylamide, is pale 
structure ; yellow, m.p. 221°; the acetyl derivative is 

- I colourless, imp. 179° (decomp.). 

(C0N1IR)2C:N0H ; (0(jNy^K)2C.NOK \mSitrosoinaloyidijMlhylanil^c crystallises 

whilst the colourless twnitroso denvatn es are . ^ alcohol. 

I /NH 


witli a bronze or green reflex. I'lic yellow 
variety of j.ionitrosoinalonamido 
(C0NH2)..C:N0H 

(iitlcr.s from the colourless form only m colour. 
imN drusomalondimethylamide 

Nil **• 

(CO'NHMclaC; | 

0 

imp. 157°; the poiasst^im salt 

* (f,'ONHMc)/!:N-OK 
is bright yellow ; the frirous salt 
KCONir.MelaC.-NOIaFo 

iH jniijile. 

droMinitiloHiindifli. 'I'ho eolnurless variety 
becomes yellow at I3H®-140° and melts at 141° ; 
(he yillaiv van<-ty IxM-omes white at J20°-122° 
and imdls at J4C’; the equilibrium mixture ot 
(h<‘ t«o isomerides melts at 124°. 
ihoN ihoMonalonmoiiophenylaniide 

^NH 

NJll*h-C()*C{(X>-Nir„)s^ ( 

has m.]>. fdeeomp.). 

isoiV tlrosoumlondi ■ \i-lolylamidc 
(CONIl-C,a,)„(!:N-OH 

is pale yellow, m.p. 179°-171°; the colourless 
isomeiidi' beiiomcs yellow at 1.50° and melts at 
170°-171°. 

itromwalomnoim-p’tolyhnnide 
C;H/JIN-CO-(;(CO-NJl3);NOH 
IS lemou y<‘llow, imp. 183°. 

\hoN drosomido>ult-o-(olylamidc 
(CONH-C.H-l^CiNOH 

i.s yellow, 111.}). 111°; tho colourless isomerido 
changes to yellow at 75° and melts at IJ1° 

Ethyl imvdnmmalon-odulylimude 
(^,H.-HN-CO-C((K)2«t):NOH 


Mooximos (C0NHK)2C- 


<i> 


.NH 


isoidilrosomalouamide 


(C'0-NMePli)2c/, ,MeOU 
0 

1 IS colourless and has ft.p. 109°; the actiyl 
' derivative has m.p. 130°, the benzoyl derivative 
^ m-jt. 157°-) 58°, and the ethyl ether m.p. 138°. 
i iHoNilrosouuUojdetraphenylatnidc 


colourless, m.p. 187' (decomp.); the mdyl, n.nxTBi, > r. 

derivativo is colourless, m.p. 190“; ethyl deriva- j 

tive, pale yellow, m.p, IflO'-ldl®; the silver forms jjale yellow prisms, m.p. 


237°-23S“ 
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fdeconip.); the ncdyl derivative is pale yelloW» 
m.p. H)0°; the henzoijl derivative is eolourless, 
m.p. 175°, the ethyl ether has 104°-1()5°, 
(Whitcley, Chem. Soc. Trans. J0(K>, 77, 1040; 
1003, 83, 18, 24 ; ("hem, Soe. IToe. H>0t, 03). 
imN itrdfiomuloiid} urdhu »( 

m.p. 203°-204° (Conrad ami Sdiiilw', Hot. IttOO, 
42, 735). T)i(' tutimniiiiim. salt forms brjglit 

orange ])rjsms, m.]). 174 ’. 'f’ln' /mloMiuni salt 
(CO’NiTCU J^t).C.N'OK, is bright orange-red 

(Whitel(!y)- 

Derivatives of the seminitrile of isonitroso- 
malonic acid. Ethyl iM»iitromyan<t<<lalc 
• lioN:C{t:N)ccj-:t 

m p. 133°, yields metallic derivatives (Comad 
and Se.liul/.e. Ber. 1000, 42, 735). 

'J’lic mcl/ivy^ lias m ]). I23‘^. 'rUeC/n/.s 
T-]tON.C(CN)C(>,Ci 
b.p. I25° -127° i/22 24 mm. and 
KU)N:('(CJV)C(CMe 

b.]i. 121'" l24°/23 25 inni. ami the eorrc.-'iHinding 
benzoyl denvativi', in.]). I31°-132°, lire fie,sciibed 
hy Muller (Ami. Chnii. Tliys. |vii.) I. B;.'!). 

J xo7nfroso€ ya mii'ctarnule. (l>eso.\yfulminuri(^ 

acid) t!N'C;N()H'CONKo, m.]*. 738). 

honilromeyanwdyl nnhninide 

I10N;(HCN)C0-Nll-C()N1L 
m.p. 220° (dceoiup.) {tfnd. 741). 

Jsointro-soeyanai rtyl in < thnnr 

H()N:C(CN)C3)-NI)-CO,l';t 
forms white ervstals, m.]). 201° (decoiiiji ) [ihid, 
742). 

Condensation of maionlc acid with aldehydes. 

Maldnie aiml eomleiises with aldehydes aeeord- 
ing to lli(' iMjiiation 

((!0.1i),CU, + (HlC-ll (CC,ll)A'.CIIIl-! IKt) 
O'lu' mf'thylf'iie malonie mifls thus j)roduccd 
yield the eon-esi)oiiding alhyl or aryl maiome 
Iteids CH_.ICCH(COJI)_, on leductuui: and 
lose earhoii dioxide on healing to form the 
substituted aerylic aeid CHB;IT1‘C()^II. 

The ?u.ymaloiue aeid (T1B|C1I CO^B)jK is 
sometimes obtained when tlio ald(‘hy(ie and 
malouie acid are taken in ilu! jirojiorlion of 1 
mol. of thf‘ former to 2 mols, of the latter. 

Kor the eoiulcnsation ]iroduets with form, 
aldehydf', sfc Haworth ami iVrkiii. Chem. 
»Soc. Tnuis. 1808, 73, 330; Bottoniley and 
JVrkin, ihid. 1000. 77, 204. For the ethyhdenc, 
\v,obutijlid^n<’, nuMiriylidcne, <nuud!.ylidau\ vaUiy- 
iidenc, ntrylidcnr, furfuryhdcnr, (lolonyhde/if, 
hcuzylidcuf, and vhtrianiylidrni , <(}ti-\ifltdem 
'inethylN(dieylldi )ir, pipcronylidi m and phcnylpjo- 
pionyhdene mal^j'iiie acids and deiivative.s, eec 
Kommeiios, Aiiiialen, 1883, 218, 145 ; Knoe- 
vcnagel, Ber. 1808. 31, 2585; Braun, Monat.sh. 
1806, 17, 207 ; Kiedel and Straiibe, Aimaleii, 
1000, 367, 40 ; Jvnoexenagel, 1). U. PP. 161171, 
156560, 164206, 07735 ; N'erley, Bull. 8oe. ehim. 
1800 liii.] 21, 414 ; IVldn, J. Biol. ('hem. 1000, 
7. 40; Rohmer, Ber. 1808, 31. 281; Riedel, 
Annalen, 1008, 361, 80; Stuart, Chem. *>oc. , 
Trans. I88:i, 43, 403 ; 1885, 47, 155 ; 1886, 40, 
360 ; Claisen and Crismer, Annalen, 218, 129 ; 
Kinliorn and (^'hrcnbeck, Annalen, 1880, 253, 
374;- Claison, Ber. 1003, 86, 3664). For con* 


dcnsatioii with afi-di-hromo'propaldLhydCf v. 
Lesiiicttw (Cunipt. rend. 1910, 151, 1359). 

M. A. W. 

MALONYLCARBAMIDE, Barbiluric acid, v 
Pyrimipike. 

MALT V. Brew'inu. 

MALTASE IS the enzynio wdiich hydrolyses 
maltose tf) two nuilecules of dextrose. It is 
present iii most, though not in all, .species of 
yf'asts ; tlio.se yeasts (e.y. Saeiltaromycci rnaixi- 
iiinis, A'. rni/iin,s (Rc(\s), .S'. hidu'Kjn, 6'. natunin.s, 
S. nnoniahi-'^} whicli do not contain maltase arc 
unable to feiiuent maltose. Maltase is found in 
Jkjx n/illii-s ni'jrt. Pi nicilh/nti (jUtucuiny ami other 
mould lungi: a maltose sjilitling enzyme is 
piesciit 111 the iiilestine (Brown and Heron, 
PioL. lioy. Soc. 1880, 30, 393) and in numerou.s 
otln'r animal tissues ('J’ebb, ,l. Physiol. 1894, 
15, 121) Aeeonhng t(» Comjiton (Biochem. .1. 
1921, 15, 68l)il. IS |)i(‘sent in tlie blood serum 
oi the (log, ]iig, goat, hor.se, and ox, and is 
al)'-'(“nt in tliat of the cat, guinea-pig, rabbit, and 
man. Mallase is iiresrnt in (he solid residue 
left after repcatc'diy extracting niHize, millet. 
Of Imckwhc.d with walc'r until the diaslasc' Juis 
h(‘en removed. The dry powder lias tar more 
pow'eiful eiizviiialic projicrlics than acjueoiis 
extracts, and in this respect resembles the 
])ow(lrrs troiu dried Icavi's eontaiiiing ('inuisin, 
&e., Jii\(‘stigat.(:(l bv Armstrong {l*roc. Kov. 
Soc. 1912, 85, B, 3(i31. 'i'be malla.se .so obtained 
IS stated by Wieidiowski (Bioehem. Zeitseli. 
1913, 56, 299, 57, 125) to hydrolyse starch to 
(lextio.so ami soluble starch, no dextrins being 
fonned a.s interinediaU' jiroducts. Maltase is 
inon* dilliiailt to extiaet tluin iiiveriase ; active 
extracts can only be obtained from yeast after 
(he cf'lls hav(“ been deslroxed, or, lietter, after a 
pridmunary drying in a (Ilia layer at. a low 
((‘mjieratunx The en/.yine is not lilimnled on 
shaking yeast W'llh (olncne wider. Yeast jiiiei' 
made by Buehiiers method of eouijnession 
eoiiVuns malta.se Blown and lli'ton found 
a(jn<M»ns icxtiaet of j)ig’s intestine to have no 
action on mabo.sc', but aftiT drying at 35° line 
shreds of tlu* intestim' were active. Using 
similar methods Tebb found most maltase in 
the mneouK membrane of the small intestine; 
it was also present in the sjiliani, lyniphatie 
gland, liver, kidneyj^aiid m the iny^creMie and 
salivary glands, and least in iiuiscle. 

When the tissue is linely minced and suftieierit 
tiiiy> (several days) is alloxved for adequate 
extraction, active maltase may be obtained from 
fresh tissues. Malt cloc.s no! contain maltase. 

in ])u*panng iiuildise solutions for praetieal 
work it IS always advisable (o devote some 
aticntiou to ascertaining the exact conditions 
necessary to get a ])re])aralion of maximum 
activity. 'J'he yetlst should be dried quickly 
and 111 thin lA'ers at. about 25°, the extract 
should‘'bc pr('j>aro(l with suitable distilled W'atcr 
in hard glas.s ves.sels at 35° or less, maceration 
being eontimu'd for not too long a peri(jd. The 
extract, should be filtered quickly and used at 
once. ToIueiK' is by far the beat antiseptic to 
em})loy. 

Maltase is destroyed by precipitation of llio 
aqueous extract with alcohol, so that it has not 
: bwn possible to purify it. 

I Maltase also hydrolyses a-mothylglucosido 
I and other 'synthetical a-glucosides, although it is 
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without action on the iflompric /^-glucocides. 
Amygdalin iw hydrolysed by an en/.ynie akin t<> 
inallase, })rescni in some yeasts, to dextrose and 
amygdonitrlieglucostde (Fischer, IhT. lH0r>, 28, 
lodg). This action is due, liowevcr, not to 
inaltase, hut to amygdalase (Fuldwell and 
('ourtaiild, Prov. K-oy. JSoe. H)(t7, 11, 70, ‘15(0. 
Maltasc is able to cause syntludic as well as 
analytic changes ((’rofi Hill. Chcui. »S()c. Trans. 
1808, 7;i, ():14: lOOIl, 8:1, 578. also Huyliss, 
The Nature of JOiizvuic Action, Longmans, 
1011 ). 

Tlu“ o|i(imnm temperature f)f maltasc is 
:{5^’ 40'^. 

.Malta'.^o i'. desIrnyiMl 1 )\ excess ol alkali, 
an<l also hy .iciils nl any marked siiciigth, a 
imcIco[>rotein-)ikc substance l.'Ciug pn-ciiulatcd 
'rill’, optimum activily as measured towards 
mallas(‘ or a-methyl glurosule fakes pla<‘c iii 
solutions M’liich are just lo id, viz lad wc«^ 
/ijj- (i l and y>j 5 “ O'H, and in this rcs|iect if 
diifers markedly from ju\ertase (opfiiiial jaunt 
At lids point nialtase is iriactnc and 
even riestroyed. Mulf,is<‘ difh-rs from !n\crtas<‘ 
also 111 IhnI il is jirecipif.ifrd al ifs isoclccti ic 
|HUMt and IS adsoihcd by k.ioJin, wJierc.is 
invcr(as(‘ is not (rf. Micliaelis and Jtona, lliochem 
Zeilsch, lOllt, 57 , 70 ). The activily of mallasc 
solutions is as a rule incrca'-cd by dialysis, and 
in such dialysed solutions the ojilimmn aciivilv 
generally oeeuis in a solution ol lowiw acul 
conecntralion. K. J*' A. 

MALTHA. A vanciy of ‘ mincniJ tallow ’ oi 
wax, ap.gr. 0’77, soluble tii alcohol, najiliflia, and 
oil of till[)(“ntnte. .said lo be originally found on 
tlie eoa.st of Finland. It is wlnb', lintlhx and 
.stains pajiei like oil. melts at n modiuale lie,it, 
and burns with a smokv flame. A similar Jiydro- 
carhon is mid, wifli in the oil-lields of California 

MALTODEXTFUN a. Dkx Titm. 

MALTOSE /•. ( A KUoiiYDUATKs (f/ Jlawortli 
and Lciti h. ('hem. Soc. 'IVan.s. JPJO, I !.■(, SOU). 

MALVIDIN, MALVIN /■. AKnio<'YANiN.s. 

MAMMIN r. Syntiikth' oruc.s. 

MANACCANITE. A vanidv of titanifmous 
magnetic oxide of non found in grams and 
small angulai fragments at Manaeeaii mar 
Helstone, and other jilaee.s m Cornwall, r. 
TlMENTTE ; 'riTANiCM. « 

MANCHEWBU. YELLOW. UnutronaphOtol 
V . Naphthalknk. Dmitronaphthol-yellow ha.s 
been used to artificially eolour natural saffron. 
To detect the adult<Tation, an infusion of flic 
matter la j)re[i u<*d, to wliieh .some tartaric acid 
IS added. A hank of wool is then dijijied in 
the boiling solution. The wool tlius dyed is 
washed m voiy dilute 8ui|>liuric acid, and tlie 
acid afterwards neutralised with ammonia. Jf 
saffron contained any dinitrortaphthol, thi' wool 
or the solution will lie coloured yidlow, whereas 
wool dyed with a di’coetion of genuine iaffron 
and treated in the same manner liecomes colour¬ 
less (Cazeneuve and (i. Giiiiiosskt, Koe. Chem. 
Tnd. 5, 457). 

MANDELIC ACID {J^hcnyUflyeollic add ; 
a-pkenylhydroxyarctic and) C^Hj'CHfOHjCt,)^]!. 
Discovered by Winkler in 1852 in the emulsion 
of bitter almonds. It. may bo. obtained by 
warming ca-dibromoacetophononc with liilute 
alkali (Engler and Wohrle, Ber. 1887, 2202); by 
oxidising oi-hvdroxvaectophenone with copper 

Vor* JV.—r 


sulphate (Brener and Zinckc, dnd. 1880, 055); 
by boiling phenylchloracelie acid with alkali 
(Spiogi 1, thid. 1881, 250); and by warming 
bmizoylformaldehyde with alkali (Peelimunn, 
ibid 1887, 2005; Miiller and Peehmaim, ihid. 
I88t), 2558). It i.s liest prejiared liy shaking 
eommereiul benzaldehyih' with a coneentrated 
.solution of sodium bisuljilnte, lilteririg off and 
diving (he hisuljihite eomjiound. Tins is tlii'ii 
imide into a jtaste witli ualiT. and the ealeulatcil 
quaulitv of jiotassium oyatmh solution added 
with f-lirring. Tlie oily inandelonitrile soon 
separates, and is hydiolysed by l)oili*g with 
lliriM’ (lilies tlie Ilii’orelleal ijuuntily of liydro- 
eliiuiie acid (PajK’, Chem. Zeit. b^i, 20, IM) ; 
Cbeiii. F<il). vor. Ilofinanii and iSelioeten.sai’k, 
Fug. J’at. 14880; .1. .Soe. (’hem. Iml. 18})(), 014; 
rf. Muller, Arch. Pluirm. Ini.j 2, :{85, 580; 
Her. 1872, OHO; Wallaeh, Aimalen, 105, ,58; 
Liigiiiin, il^d. 150, 200; Winckler, ibid. 18, 
510). 

lAums colourless rhombic jirisiivs; m.]). 118® 
(CkiiKcn, Ker 1877, 847); sj) gr. I'501 at 
4 V4’ (Selii'oder, ibid. 1880, 11512); readily 
sniulile III alcohol and e(hcr. (»n Jieating the 
jo'id at 200’, beiizaldehyde and an amorphous 
mass is ohtaim’d; Iieii/.aldehyde. water and 
<hj»lienvlmaleie anhydride ar<‘ formed wlien 
il IS he.iled ill a eiiri^mt of air under re- 
duerd juessure (Biselitd) ari<l Waldmi, Aimalen, 
270, IIS; Jiiebig, ihid. 18, 512). F<ir the 
aiihydiide of luaiidelie ai id C;, 2 ll..fl(I#. i’. Stutz, 
Hei. MMl, 44, 5485. (Jt i.s jiossjhie that, tills 
so-e,dI»<l anlivdride is th<* lactJde (’^H^O,,.) 
C/ Denham and Woodlionse, Clieiii. tSoe. 'rruas. 
10J5, 1870, J^'iiming nitric acids yields o- and 
yMiit roplifiiylglyciollic aculs (Pratcsi, Gazz. 
chim. ital. 21, ii. 402). KlcciroJysis of nn 
aqueous .solution ol the jiotassium salt re.sults 
ill the production of liyilndienzoin ami a sn^ll 
quantily of l'•ohy<lrobeuzoi|| (Walker, Chem. 
f^oe. Trans. 180(5, 1270); hut- aoeordiug lo 
.Miller and llofer (ller. IHOl, 4(50) bcnzalilehyde, 
carbon (li(gi,id<‘, am) carbon monoxide are the 
()ro<luet.s. By j>as,sing carbonyl chloride into 
an leo-culd solution of tlie aeul in jiyridino the 
bimoJecuIar anhydride, m.j). 240'', is formed 
(bhnhorn and Pfeiffer, Ber. 1001, 2051). Hydro¬ 
gen lodidfj and jdio.sphorus convert mandelic 
acid into phenylaeetie acid, and fuming hydro¬ 
chloric acid at 140® yields phen;jjfhloraoctic acid. 
Mandehe ui-id <-ondens(‘s with phenols in the 
jircsencc’ of 75 ji.c. Kul|»hun<! acid to o-hydroxy- 
iliarylacetic acid, lactones and yi-dihydroxy- 
dmryiacetie acids (Bistrzyidii and Flatau, Bor. 
1H0.5, 080; 1807, 124); v. also Sutk^ih (Ber. 
1808, 2821) for condensation with j6-naphllioJ, 
resorcinol, and orcinol. The nitrile prejiared as 
al)ov(‘, IS a yellow' oil, solidifying at —10°. 'The 
anudi' has rn.]). 100®, the aniljd»^J51°-152°, and 
the jihenylhydrazidii 182° ('Piernann and Fried- 
lander, Ber, 1881, (555; Keissert and Kayser 
Ber. 1800, 5701 ; Biedermaim, ibid. 1891, 
4085 ; Bischoff and Walden, Annalen, 270, 118). 
The mcthjd ester has m.p. .52° (Zincke and 
Brew'cr, Ber. 1880, ()5(>; Jiuhe, ihid, 1895, 259), 
and tlic ethyl csGt has m.p. 34°, b.p. 2G3°-256° 
(Midiael and -leanpretre, Ber. 1892, 1684; 
Beyer, J. pr. Chem. fii.] 51, 589); m.p. 37° 
(McKimzie, Chem. Soc. Trans. 1899, 756). 

Mandelic acid contains an asymmetric 
carbon atom, and hence can be split into, tw^o 

V 
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optically active iHoiiiorkles. Lcwkowitsch (Her. 
1882, 1505; 1555, 2722) obtained I- 

mandelic acid by treating the inactive acid with 
SacchiromyccH clli'pMndms (R«‘os) and d-jnandelio 
acid by using vnrxouK nuc.rozna, sindi as Pcnc\U 
Hum, rfltiucuw, Ac. I’aitjal resolution of the 
inactive acid has also been eflcclcd by nu’-ans 
of the frai'tional (fystaJlisatuui ot salts with 
alkalokts, sucli as ijununc and inorpliitu-, and 
witli active amines sueii as m('llivlhy<lnndiunino ; 
and by csUiritication w'ltli active aleoliois, sueli 
as menthol and horneni (McKenzie, t'lxon. iSo<*. 
I’rans. OhK; 1004, 57H; McKenzie 

and 'l'lioni]>son, ihiil. I!t05, inoi ; Marek- 
wuld aiid'daul, Ibr IlMMi, .‘KmI. I\i|>|)ing, 
(diem. iSoe. d'rans. 4l(t: l'’imila\' ami 

Hickman, lOtd. 1000. I3Hti). Itaceimsation is 
found to take place on boiling the active! acid 
witfi alkali (Holloman, R(“e i.rav. /;liim. 18i>H, 
17, ll2:i; MoKcnzio and Muller, (!hem Soc. 
Trans. 1007, 1814). Asymmcdrie syntheses 
have been conducted by McKenzie and Hum- ! 
phrios (ihitt. 1000, not)) from / menlliylbenzoyl- 
formate, and by Itosonthaler (Bi<ichein. Zcit.seli. 
lOOH, 14, 2dK) from rf-lMmzalihdiydecyauhydnn. 
d- and i-Maiuiidic acids <Mn also be prepared by 
the hydrolysis of ainygdalinic acid (Dakin, 
(diem. >Soe. Trans. 1004, 1512; c/. Wohler, 
Aui'alen, Oti, 2.dS ; Walker, (dicm. Smr. Tran.s. 
1003, 8.1, 472 ; Tutin, thid. 1000, (i03 ; Keist, 
Arch. Bliarm. 248, 101 ; RosenthaJei, ‘ibid. 
105). Incomplete hydrolysis of the etliyl cstei 
by lipoffe yields Ihc! d-acid, whilst the csti'r ' 
remaining is I.cvorotalory (l)akin, (diern. Sue. 
Proc. 1003, Jt)l ; J. Physiol. 10tt3, 30, 253). 

i-Mandelic acid has m.p. J32’8', and 
153*1” in water (Wuldiui, Zeiisch. physikai. 
Ohem. iH!)5, J7, 705; cf. Lewkowilsch, Ir ; 
Tli,nibach, Zeitseh. pliysiLd. Chem. 1800, 28, 
251 ; Her. 1800, 2385). </-Maiide!ie aeid has 
m.p. 132*8^, and [aju+lSt)” (Kipjmig, (.'liem. 
Soc. Trans. 1000, 415). Pur experiments on 
tile Waldpn Invei.sioii with mandehc amJ jilumyl- 
cliloraeetic acids, v. MoKenzae and ('lough, 
(.dioni, Soe. Trans. 1000, 777. 

MANDRAGORA ROOT. In ISHO Ahrens 
(Annalon, 251, 312) extracted from Miindnujorn : 
root an alkaloid possessing similar pliysiological 
properties to atropine, and which he named 
mandraqorui. Tl'oms and Wentzel (Hit. J808, 
31, 2031) showed that- the mamlrayorin of 
Ahrens was a mixture of bases, the chici of 
which wa.s hyoscyamin^, and subsequently 
isolated another base, which tlicy named 
scopohnn nr (Ber. 1001, 31, 2031). Hesse (d. pr, 
Chom. 100!, 54, 274) turtdier investigated the 
subject and found tliai/aomb*f/f/oHi root contains 
0*35 p.c. hyoncyamivc, 0*04 p.e. hyoncine 
{scopolamine of Thoms and Weutzel), 0*0J p.c. 
ip-hyoscyaminc, and a still smaller quantity of 
a new base mandragonw. To obtain these 
alkaloids, tlie roots are powdered, moistened 
with a solution of caustic soda, and extracted 
with ether under a reflux apparatus. The 
ethereal solution is repeatedly extracted with 
dilute fiul]>liuric acid, tlie acid solution being 
made alkaline with sodium bioarbonato ^ and 
extracted with chloroform. This operation is 
then rejieated, w’hercby the hyoscyamine 
remains ui the aqueous solution. The bases 
from the chloroform extract are neutralised 


I with hydrobvomic aeid, and the filtered solution 
i allowed to crystallise. The hydrobromides of 
j the bases are then extracted with acetone, 

: which leaves the pure hydrobroimde of hyoscine 
I (■i 7 H;,iN ()4 (m.)). 104”). TJie froo base is 
! dooomjiosiMl by baryta into tropic acid and 
oseme (!JI,.,ND,. The mother liquois of the 
hyoscinchydrubromnlc yield i/»-!iyoscyamine on 
addition of sodium bicarhoiiato and extraction 
with cliloroform. On adding sodium carbonate 
to till' residual solution, the alkaloid 
mniulrugonnr, ioiining a gold double salt 
(’i.JI igi^O„H.Aut'1, ii> obtained. Tlio free base 
i.s <lccomj)os«-d by baiyta into atiopu; acnl, and 
a base i'cs«-inbling Iropine. 

MANGANATES n Manoai^iwk. 

MANGANESE. Sym. Mn. At..w1.5J*or). (Fr. 
M(i>igiiii('.sc ; (Icr. Miuigaii ' Manganese is not 
lound in the metallic state. In combination, 
e.qiocially as <t\i<le, it is widely distributed. Th (5 
mo.st Jinpfu'tanl ores are those corre.spondirig with 
t-he dioxidi' MnO^, pyrolusile. It. is also found as 
the oxuJiis Immnifc Mn^Oj,, hitusmannitc MU 3 O 4 , 
a,s liydrated oxiilc .Miu()j,ILO in ma'ngamlr, and 
associated w'lt li baiiuiu oxide i}) psilomela7U\ As 
sulphide it occurs as ohdxnulUc .MniS and huniriic 
MnS^; as lairboiiato in ihodocroMlc or dialoi/itc 
Mu(.3) ,; as silicate in rhodonite MnSiOg; and 
li'phro'itr Mn.^SiO,. The former is of a beautiful 
red colour, found largely in tiu* Ural Mountains, 
i ami used as an orimmenlal stone. It is often 
present to a smaii extent in other siheates, and 
eonfers on them its colour. 4’iie chief sources of 
the m.'ingaiiesc ores are Russia, the Caucasus, 
Hia/al, and India. (Smaller quantities arc mined 
ill (kimany, Austria, Spam, Turkey, Japan, 
(>reecc, and Hungaiy. Dejiosits of mangani- 
fiTou.s iron ores oceur in California and in the 
Kastein Slates of America, Vancouver Island, 
and Nova Scotia. Mangane^^e deposits are also 
worked in (kdia. Manganest* is present in soils, 

: and frequently in nuiieral. imitimilarly chaly- 
bi'ute, waters. It oeeuis m many plants, 
esjKji-ially m tea and tobacco, and is, in fac.t, 
widely distiihubsl throughout the vi^getable 
kingdom. 

7Vcyiumtio/i.--Molallie manganese is not 
used in tlie arts except wlien alloyed witli other 
metals. It may bejirepaied by reduction of the 
o.xide with carlion, luit tlie ternpgr^ "arc necessary 
for the reduiition is ao high (I Ureenwood, 

(4icm. Soc. Trans. 1908, 1491) tliat it is only 
nhviiincd with ilithciiUy in ordinary furaaccB. 
The original metluHl ot preparation described 
liy John ((Tclileii’s Jour, fur Uhem. Phys. 3, 452) 
consisted in making an intimate mixture of 
: finely divided mauganoiis oxide and carbon 
by mixing witli oil and heating, and eiroosing 
it to as high a^ temperature! as possible in 
a crucible liiK)d with charcoal. 'The imjmre 
I mangipcsi! so obtained was purified by fusing 
under salt and min*. 

Hrimner (Annalen, 102, 3.30) prepared the 
metal by heating a mixture of somum and 
! manganese eliloride or fluoride in a blast furnace 
for 15 minutes. It may also be obtained by the 
reduction of the chloride by magnesium. 

Deville obtained tlie metal by the reduction 
i of the xmre red oxide MnjO^ by means of sugar 
; charcoal present, in insufficient quantit}^ to 
reduce the wliole (Ann. (’him. Phys. 1856, 45, 
182). 



MANCtANESE. 


211 


Valenciennes (Compt. rend. 70, 007) pro¬ 
duced it by reduction of the pure oxide with 
carbon in a magnesia-lim*d crucible as a hard 
and brittle inasH, quickly oxidised by exposure 
to air. 

Oxides of manganese arc reduced to the 
protoxide but not t<» metal by jgmtion in hydro¬ 
gen. Hugo Tamm (Ohein. xVows. 20, lU) 
recommends tin; following process for the pre- 
jiaratjoii on the largo scale'. Two ilu\os arc 
prepared. (1) A fusjhl«» ‘ while ' flux of ground 
glass (free from lead) Olh qincklimc IH],, and 
tluorspar 181. (2) Flux No. 1 ;{4 parts, lamp- 

hlat'k 51, native manganese dioxide of good 
quality (»01. 

The crijeibles used should lie very refractory, 
lined w(-h a mixtur«‘ ot jiarts pliinibago and I 
part fireclay, made into a [i.isti' with water. 
Tins casing resists the aetjon of (he (lux lor^i 
considerable time. Jn such a cTucih]<‘ flux No. 
2 w Ignited at the highest 1cmpcratiii-c ol a wind 
furnace with the production of J7l jurts of 
‘Oort mangaiu'se ’ and a gn-en slag .saturated 
With manganous oxule. Of tins slag d.‘{5 parts 
ari' thoroughly mixed with 1H jxnfs of Janip- 
bhKik (charcoal cannot he used), and then with 
1000 parts ol rich mangaiK'sc ore. 'I’hc whole 
IS made into a ]»uste wilh oil, jircssed into the 
crucible, cover'd with a juciic of wood to pre¬ 
vent oxidation, and luted down, leaving an 
aperture for Du* I'scapo of gases. 

Tin* crucible is n(‘\l In'atcd ni a blast fur¬ 
nace, at first gently, until lumes <-C‘aso to escape, 
and linally to whiteness, for several hours. On 
(■ooling, the inangan«‘S(‘ is found as a coliert'nt 
maa.s. 'flic grci'ri slag may be used several 
times witli the addition of a little white flux to 
iucrease the lluidity. provided too inucli gangiie 
be not jirt'Hcnt in thi' ore. 

Operating wifl an on* containing 7!t‘.5 p.e. 
mango ni'se dioxnli*, h-5 j).c. feme oxide, and 
lOTi ]i e gangne. the manganese fibtoined slnwwod 
the following com posit ion : Mu Fe J ■(».'», 

A1 O-JO, ('a 0-05, P (»•().'), >S ()-<ir>, .Si (t 85, 0 tt-qf). 
This iin‘'d, when fused w’llh one-eighih ])art of 
manganous (!arbonal.<*, eontaine<l Mn IMFtH, Fo 
0*05, Si 0-0ir>, (! 0-025. 

1’ho metal is now almost entirely ])rt‘pared 
either lA-^ re',^-tioii by aluminium by the Oohl- 
fichmidt motnMw.or by means of l)ie eleclrie 
furnace. In the latter method jnire man¬ 
ganous oxide is intimately mixed with eariion 
and heated in an electric; fnrnaiic, a current 
of 300 amperes at 00 volts giving a yield of 
100-120 grams of manganese in 5 or 0 minutes, 
or a current ef JOO amperes at 00 volts giving 
the same amount in 10-15 minutes, (’are 
has to be taken to avoid prolonged heating, 
as the metal readily volatilftes in the electric 
furnace, and hence considertlble loss may 
result. As carbon readily dissolves in martganose 
the metal so prepared usually contains from 
5 to 14 p.c. carbon, which, if the manganego is 
volatilised, remains as graphite. By again 
fusing with oxide it may be obtained almost 
quite free from carbon and silicon {v. Moissan, 
The Electric Furanoe). 

The principal use of manganese in the arts 
is in tho manufacture of steel {g.v.), where its 
alloys are employed as a deoxidiscr for carburising 
tho finished steel by means of the large per¬ 
centage of carbon oontained, the manganese 


I also conferring improved qualities on the steel. 
Both spiegoleison and ferromanganese are 
smelted in blast furnaoes similar to those used 
for making pig-iron. More basic slags and a 
higher t»'mp(‘ratur<.‘ arc, however, * employed, 
involving a larger consumption of fuel and 
shorl<‘r lih*. for the turnaiic lining ; consequently, 
tho boshes an* u.suttlly completelya water- 
jaekot<‘d. .Spiegolcisi*n is manufacturod con- 
iaimng 10-20 p.c. of manganose and 4-5 p.c. 
carbon, aeeonimg to the demands of tho st^l- 
maker. As a cunsidorablc proportion of man¬ 
ganese passes into till* slag (up to 0 and 7 p.c. in 
spieg('leisen) allow'^anee has to be iq^do for this 
in making up (he charge. FoiTomanganesi’i 
containing 80 p.e. manganese and more with 
(i p.c. carbon is rminufactured and largely used 
in op(‘H liearlli st,<'els. 

—Fnre muiigiinoso is soft and 
do(‘S not scratch gla.s.s; if it contains bgt little 
(iarboii it may be kept in open vessels. As the 
percimiage of carbon increases it becomes more 
readily decomposed by the moisture in the air 
and small frugment.s exposed to the air biHiome 
oxidised in 24 hours wdtii the production of 
hydrogen ami hydrocarbons. It appears to 
form a deliniie carbule MiigC, w'hieli is hard and 
brittle, and rapidly oxidises in air, and by mois¬ 
ture IS dceompo.Hed according to llie equation 

equal volumes of metliano and hydrogen being 
evolved. This carbidi* is jirobably present in 
solid solution in the impure manganese, on which 
it coiifcis its hardnesH [if. Huff and (Jersten, 

Ber JPKh 4d, 400). 

Tho metal has been obtained crystalline by 
distillation in the. electric furnace, and as a 
pyropiionc powder by gentle ignition of,its 
amalgam lu a current, of hydrogen (Prelinger, 
Monatsh. 14, 353). If the temperature of 
Ignition IS too high it is no longer pyrophoric, 
and allhougli paramagnetic at ordinary tem¬ 
peratures fiecomes ferromagnetic on heating. 

The metal dissolves in dilute acids, and 
with liot sulphuric acid liberates sulphur dioxide; 
wh(*n UH<*d as an anode in electrolysis it behaves 
normally in acid and neutral electrolytos but 
becoiiK'S pamve. in alkaline sulphate or phos¬ 
phate baths (MiiUcr, Zeitsch. Elektrochera. 11, 
755). Its sp.gr. is about 8. 

Tile melting-point of a fit) p.c. manganese • 
was found by Hcracus to be 1245® (Zeitsch. 
Elektrochem. 1002, 8, 185). According to 
'Fiede tho melting-point of manganeseJs 1290®. 
Other authorities give 1210" to 1230 . When 
heated in nitrogen or ammonia a nitride is 
formed, possessing marked magnetic properties 
(Shukoff, J. Russ. Rhys. Cheip-Soc. 40, 467); 
nitrides of composition MnjNg, Mn^Nj, and 
Mn^No are stated to exist (Wedekind and Weit, 

' Ber. 41, 3700). From tho lowering of the 
freezing-point by phosphorus the value 27*6 has 
been calculated for the latent heat of fueion 
(Schemtsehuschny and E^moff, J. Russ. Phys, 

, Chem. Soc. 39, 777). At 1000® the metal is 
1 oxiiiised by carbon monoxide with formation 
' of manganous oxide and carbon (Oharpy, Compt. 

I rend. 148, f.«0). 

D€lection.^M[ compounds of manganese, if 
strongly ignited, impart an amethy^-red colour 
to the borax bead in the oxidising flame; the 
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bead can Ije rendered eobinrless by careful heat¬ 
ing in the reducing flanic. When lieated with 
soda and a little nitre on platinum foil a very 
small quantity of manganese produces a green 
colour. *' 

A very delicate test, in t he alisence of chlor¬ 
ides, consists in heating llic substance or solu¬ 
tion with dilute nitne acid and a little h'ad 
peroxide. 'J'lie ituingiincHn is thu,s oxi<liscd and 
imparts to the soliiijon Mic j)ink colour of jier- 
manganic acid ((Viini). 

Minute quantitic.s in soils, minerals, vegc- 
lablc.'^, &e.. may he detected hy incinerating, 
lieating tbe, isli with nitric ai id. evaporating to 
dryness, taking up with water and adding to 
the filtrate som<‘ 40 )i.c ammonmm pfusulphatc 
and n drop of a 2 |i c. solution of cobalt nitrate, 
when a pink colmir is (]evclop(Ml on boiling. 

Tetra]>heiiyldiaminodiplicnylmetli'..ncissLatcd 
to be a viM'v dclualc test for manganese (m 
the absence of <-opjX‘r} The snlistance fo be 
tesU'd IS warmed witli sodium hy<lroMdr, 
inciiKU'aled and tin* aslns moistened with acctie 
licid. On warming with the reagent a blue 
colour is developcil. 'I’he same colour is also 
[iroduced with hsul. 

Manganese may lx* detected in N/|I)(K)() 
solution 4)f manganous salts liy the nil colour 
jirodueed by the addilioii ot a few droji.s of a 
N/10 solution of poUissium penodale {Benedict, 
Aiuer. (bem. .1 .‘it, .bsl). 

It may also be delecl'-d and estimatecl by 
adding to T) c of tlie solution. 2 c e. of glycerol, 
and I 0 . 0 . of a o() ]>.(■. .^’oluf loii of ,s(»diuni hydrox¬ 
ide, and then drawing a current, of air thiougli 
the li(|Uid. A fine ruby eoloui is dt'Velojxal, tiie 
intensitj' of wlueli is proportional to (lie 
mangani'se ^u-esent, so that the lest may be 
used for colorimetrie estimation (Tarugi, Gazz. 
chirn. ital. 21), 222). 

When manganesi' is ])r('Kent in its usual 
form, as a protosall, siiljihiirettcd liy<lrogen 
produee.s a llesh-colourcd ]ireoi|)ilate from alka¬ 
line, but not. from acid or neutral solutions. 
If ammonium li_\drogen sul^ihido is addeal to 
a solution made, alkaline with ammonia green 
mangane.se .sulphide is luecipitated. Jf the 
precipitation takes ])lace at a den.se green 
.Hii]{)hid(‘ i.s obfaiiual, wliicli can bo easily col¬ 
lected and wasbctl. lAir eoridil ions of its forma¬ 
tion, fifc Fischer,b. Kuss. Phvs ('hem. kSoc. lfH4, 
4rt, 1481. 

I’otassium and sodium liydroxides ])roeipi- 
tate white hydratiat niangaimiis oxuh- which 
rapidly ^iooouk's brown from al.aor[)tion of oxy¬ 
gen. Aiiimonia produces the same |>reiapilate, 
wliieh is soluble in exiM'ss, espeeiafly in preserce 
of ammonium (diloride, but slowly forms a pre¬ 
cipitate of the |>rown oxide. 

Whore tin* nianganr'.sr* i-xists a.s the acid 
oxide, as in manganutes and permanganates, the 
reactions arc different. Alkalim' mangaiiatc'S 
produce green sfilutions which slowly become 
red on exposure to air, more nifiidly on ndrlition 
of an acid, from production of the permanganate, 
lioth these compounds are 7*apidly reduced and 
rendered eolourJess by tlie addition of sul{ihun)u« 
acid, ferrous salts, or other reducing agent. 
The manganese then exists as a base and allows 
the usual reaction.s. All manganates and per- 
manganateft oxidise hydrochloric, acid, especially 
when heat(*d, willi ('volution of olilorine. 


Efiiimalion .—Manganese is usually precipi¬ 
tated as carbonate. To the nearly boiling solu- 
tion, sodium carbonate is added drop by drop, 
until ])i-eeipitation is complete, and the solution 
boiled for a few minutes and the prccijiitate 
allowed to subside. Jt is washed by decantation 
i tliree t ime.s and tlnally well washed on the filter. 

I 'l’h(' dried jin'cijutate is strongly ignited in a 
1 ]il.ifinuui erucibie and weiglied as Mti jO^, which 
i contains 72 0.") p.e. of manganese'. The ignited 
i mass sliouhl show no alkahiu' reaedion with test 
! ]iaper. The pna-ijutate of carbonate may also 
; be converted into, and wciglu'd as. suljdiate. 
j A very d('hcale method of (‘.stiniating small 
'quaiitilies of mangauf'se, as in Jiiiu'.stone.s, Ac., 

I has licen devj.sed liy ('luitard. The jiroeess, as 
j nnxlilii'd bv 'I'horpc and llambly (('hem. Moe. 

, Trans. I8H8, IH2), is ns tojiows: Tlie solution 
1 s|ioul<l l)e free from ehlorides, should contain 
1 Ix'tvveen (*‘(M)4 and OdKlH gram of manganese, 

; and .should occupy abmit 25 e.e. ’J'<> li ts 
; adch'd 5 ec concentrated nitric acid, 2 or 
2 gram.s of lead peroxide, and 10-20 e.e. 
(lilute. sul|ilnine acid (t aeid to 2 water), and 
I the .solution gi'iitly boded for 4 minules. Tlie 
j sides of tlie jlask are wjislu'd down to destroy 
■any organic matter, and llie lupiid Ixuled for 
I iialf a minuti' longei 'I'he lead .suljihate and 
excess oi lead peroxide are allowed to settl(‘ 

I and the solution is at oiiei filtered (witli tlu' 
i aid of ii lilter luim]) it jxissible) tlinaigli a. 

1 ])lug of asbestos K'eeiit ly Ignited and viaslied with 
i dilute sul[)liurie ueid. TIu' liltralc is lieated 
■to 1)0' and titrated wilb a weak solution of 
; ammonium oxalate, fri'slily standardisi'd by a 
! standard solution ol periiianganate. It. may 
^ also be titrati'd it (h'siied witli sodium arsenite, 
i or bydrog(;n fieroxuh'. 

1 i'he sejiaration fiom otlier iiU'lals is not. 

I ddlieiilt. From the aikalinel earlbs it may Ix' 

I separated by addition ot hydrated ammonium 
; .sul|.liii|e to the nearly neutral solution; the 
I sulphide so jireeipitated is wnslied well, redis- 
i solved in hydroelilonc ueid, and pre(a})itated 
i a.s above with sodium eaibonate. 

I From iron, chromnini, uranium, and alii- 
' minium, it may lie sejiarated by digesting the 
I dilute .solution with fre.shJy pr('ci])itated barium 
j carbonate. 'I'he.s<‘ I’lelals arc lhus^(lep(-sited as 
i hydroxiih^s. d'hc barium is .led from tlie 
j solution by the aihlition of sulpliuric acid, and 
I the manganese ju'cc ijjitatial as usual. 

When inanganeso occurs togetlier with a 
large proportion of inm, as in iron oi-os. iron, 

: steel, &(!., the following separatjon is useful, 
j 'riie nearly boiling solution of the substance 
j ill bydroehlorie aeid or aqua regio, which 
I must be absolutely free from organic matter, 
i is treated with ammonia, with constant stirring, 
I until it becomai much darkened; weaker ani- 
I inoniaii.s then cautiously added until the liquid 
I has become of a mahogany colour, but still 
I without any permanent precipitate. A hot solu- 
I tion of ammonium acetate is then added. The 
i precipitate of basic feme acetate should be 
brick-red ; if it be dark red, more ammonium 
acetate inu.st be added. The solution is boiled 
for a few mmut.es only, and the granular preci¬ 
pitate filtered through a large filter paper. The 
filter witli the precipitate is replaced in the 
beaker which still contains the remaining por¬ 
tions of the precipitate and is redissolved in 
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hydroclihuif acid, rcprecipitatcd as before and 
liitered intd the Iwaker containing? the first fil¬ 
trate. in this way the .small portion of mau- 
gunes(' contained in the first iron precipitate is 
separated. A jiorlion uf th<‘ secoinl ferric ace¬ 
tate [irceipitatc shoiiM, in impoitnnt eases, be 
boiled with lead ix*roxide and nitric ai-id, when, 
if a trace of niaiij^anese bo present, llic liquid 
will ac(|mre a pink (colour. 

The hijuid eonliuiunj: the nianuanose may be 
concentrated by eva])nratioii, liitered if neces- 
sary, and cooled. Sullicient bromine is added, 
with frequent sliakmir, to render it brown, and | 
tile whole rendered iilkalm*' b_\ amnnmia. TIm* ! 
inanganesc is thus firecipilnted as black hydrateil , 
pero\id(“. 

Tlie liquid IS hcabsl to boiliny, liitered, and ' 
the pre(i]>ilate washeii and ignited as usual to 
If a trace of or;?anu’ matter be ]iiesent 
m the .sululion, a portion of the iron will not be 
precqiitatcd as acetate ami will coim“ down wiTb 
the maiifranese. If this is the c.iso th(' i^unled 
o\nle IS redi.ssol\cd and the non pfeei|)itated as 
iicclalc. landed, .itid wcn^lird as l'’e_jt>T ami its 
w('ii:}i( deducitsj horn dial <'1 the mati^Mne.se 
o.\ide obi.lined In mi-s toiitamuig June a 
scrond pna ipitalion o! Ilic iii.in;.MiiCNC is necos 
sary ami wlieie picscnl cobalt- and barium aie 
usiialh earned down m small amounts and 
slioulil lie Ji.iPcd for after wciylnn^? the pre- 
i-i[nt,ilo 

A coiumiicnf niclbod for th<‘ voluimdnc 
determination <vt manyunese in oies or alloys | 
IS duo to \b>lhard, many modilications of 
winch have ht'cn desarilK'd. Tlie imdliod is 
ba.scd on the fact that majigatiose salts in the 
jirosenra* ol zinc oxide ari‘ (pjanldatively oxidisial 
to zinc manganite by means of potassium p<“r- 
man(?anatc (dMid) | i\liu(), r>\1nO .). 1’ho 
mmlilicaiiiiu of l''iscb<‘r (Zedseb. anal. Clicm. 
ItlOll, 4H, 751 ; I/, t'ahen & Ldtle. Analyst. 
Ifill, 3d, r)2) is as lollows. One ^ivim of the 
ore or alloy is thssolved m iitjua rrf/m, and 
bolutioii evaporaterl m-arl}' to dtyness w ith (“Xi css 
of hydrochloric- amd. 'J’he lesidue is di.ssolved in 
300 c c of water, mixed with a sidliciency of an 
emulsion of zme oxid<* and made up to I litre. 
10t> c.e.. of the eliair solution ar<; diluted to 
oOO c.c. and liealeil to boilniff after adding 10 
grms. f)f zinc sulphate, ^hie gram of freshly ' 
iKiutcd zineV- ^<lc is added, and the liquid ' 
titrated with N/IO permanganate, boiling and 
shaking frequently until the supernatant liuuid 
IS rc<i ; 1 e c. of pure glacial acetic acid i.s then 
added, wlicr the red colour (lisa]>iieai’s, and tlic 
titration is .slowly finished with p<‘imanganatc 
in tlio hot but not boding liquid. 

The value of pyrolusite m generating 
elilorinc IS related to its content of available 
oxygen, and tliis may rcadi^ be ascertained as 
follow'H : 'I’he well-mi.xed sarniite is ground so as 
to pass through a 200-mesh sieve, ami «lried at; 
105* to constant weight, 0-5 gram heated with 
50 e.e. of standard ferious sulphate .solution 
(tK) grams in 200 c.c. sulph;.ric acid of sp.gr 1 84, 
and 1)00 c.c. of water) until dissolved, the solution 
diluted to about 150 c c. and the excess of ferrous 
iron titrated with .standard peimangamite 
solution. 

Solutions of manganous sulphate are com¬ 
pletely precipitated as manganese dioxide, which 
may be subsequently estimated, when boiled 


with excess of ammouiimi peisulphatc. Sodium 
bismuthato in cold nitric acid solution oxidises 
manganous salts to jierinanganate, which may 
then bo titrated {r. Anaja’sis). 

Affoy.?.—Iron alloys with manganese in all 
proportions {aec liiON). • 

Copper and manganese yield a continuous 
frcezing-])oint curve with a minimum of 800'* 
at b5 p.o. copper. 'I'he form of the curve and 
the microscopic I'xammation of the alloys indi- 
ciito that a continuous smies of mixed crystals 
(‘xists, and that no compounds are formed. 
'Pile alloy.s arc only homogeneous if heated 
f<ir some ♦ime below the melting-point, in 
appoaramc the alloys resemhio bronzes, and 
arc geiKTidly hanl and malleable. •A bronze- 
known us ‘ manganes(“ bronze ’—is made by 
adtliug a copper iiimmane.sc alloy to the molten 
bronze and u.sually coiilains from I to 4 p.c. 
mnnganeso and from SO to IK) }).c. cojipcr. It 
forms a useful, workable alloy, jiosscssing very 
great timacil \, and is used for stay bolts on some 
of the Contmciilul railways. Alloys resembling 
(b'rmaii siher am also obtained from copper, 
zinc, and mangaiu'.se. 

Itruiick desi'i'ilH-K an alloy w'itii aluminium 
til compoNition wdiicli foiiiiH in white 

erystaks soluble in hyilrochlorie acid {Her. 25, 
777). According to Jlindricks (Zcitsch. aiiorg. 

('hem, 5!), 414) two compoumi.s exist, Mii^Al and 
MtiAl.,, both of wbu'li form mi.vcd crystals. 
Alloys ('(nitiiining hctwa’on 57 and 8(> p.c. 
alnniiniiun separate int«i two liquid layers. 

Alloys with Boron may be produced in the 
(‘Icctric turnaec and exhibit magnetic properties 
, due t<i the coiiqiouml MiiH. A second compound 
Mnlt^ jijobably I'xisls, but is not magnetic 
' (.laHsoiieix, Conijit. rend. 142, 13.‘fi)). 

I Antimonides may be ]U(iduce(! by the 
' tlicriuit ’ method Hy remo\al of excess of 
manganese by riMsins of dilute a<ad and of atiti- 
niony by ehlornn‘. alloys regarded as MnSb and 
MnSby have beim obtained. Hotli am magnetic 
(Wedekind, Zoitseh. physikal. Cbetn. fit), 014). 

With Tungsten alloys eontnining from 12 to 
fib ji.e. tungstmi have been olitainod by the 
I ‘ thermit' methi*d as hard, brittle, stcci-gmy 
ingots, from wbnli dilute mids dissolve the 
nianganesi’. 

Jty th'’' same imdhod liard brittle lionio- 
gemsiiiH alloys eoiilaimng from 12 to 2fi'fi p.c. 
molybdenum are obtained (1^.rnvaut, Compt. 
rend. 143, 4t;4, 1)4). 

Nickel and manganese gi\o a continuous 
freczing-])oint curve with a minimum of 1030* 
at 50 p.c. manganese. 'I’hu addition of man¬ 
ganese decreases the magnetic HUsco]€ibi]ity of 
nickel. 

Manganese and cobalt form a continuous 
j senes of solid solutions, the treezing-[)oint curvo 
[ passing through a flat minimiirlf at about 30 p.c. 
cobalt, and Hot)'. The cry.stals obtained are 
not liomogeneous. but become more nearly so 
aflrn* annealing in magiicHia at KMX'* for five 
I hours. 

! Manganese and zinc,Recording to Parravano 
I ((iJazz. chim. ital. 45, T, 1), form two alloys 
I Mi^n, and MnZiia wliieli aie hard and brittle. 

With silver between 30 and 90 p.c. manga¬ 
nese, two liquid.s are formed, and no solid solu¬ 
tions (Hindricks). 

W'ith tin compounds f^iiMn^ and SnMn are 
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indicated bv potential measurements. Alloys 
with below 4o atomic p.c. Mn are white and soft, 
above they become hard and brittle (I'uschin, J. 
Russ. Phys. Chem. Soe. 3H, 8(i9). 

suicides arc obtainable m the electric 
furnace, cnmpounris MnSi, and MnSi^ 

having been described. (.)f these the first 
forms lustrous prisms, which scratch glass, and 
the second can scratch topaz; the sp.grs. are 
6*4, 5*9, and 5-2. 'I'he existence of these 
eompounds is also indicated by the MiiSi 
froozing-point curve (J)ocriiiekel, ZeitseU. anorg. 
Chem. 50, 117). Giii doscribes also a conqumnd 
MiiaSig ((!iimpt. rend. I4U, 1229). 

Phosphides are ohtauKHl b\ heating manga¬ 
nous chlorific and ]>ho.s])horuH in a current ol 
hydrogen Conijiminds Miif.l'o and Mn^,!*; are 
descried, both of them magncdie. 'I’he lattei 
is probably, Jiowcver, an eutectic mixture 
(Schomschusclizy anrl Klremolf, d.e., ynpro. 
ifilbert and Diockmanii (Ber. 44, 28lil) Jiave 
prepared the phosplikle Mnl’ as a black }iow(lcr. 
t)n heating it loses its magnetic |)ro|i<Tties at 
IS"^ and regains them on cooling at 20^ 

Manganese arsenides. Arsenic com lanes 
with manganese at 290''' with incandeseem e. 
The ar.scnidc MiuAs (stable at Indi temjieiatiire) 
is grey and non-magnetio. At 700 -890'^ in a 
current of hydrogen the arsmiide obtained has 
the composition Mii.,As^ and is highly inagnelie. 
’I’lic highest arsenide MiiAs is stabJi- only between 
400"^ and 450' , and may also be obtained by the 
action of arsenic ehloi'id«‘ on manganese, com¬ 
bination taking ])lace with incnnde.sceiue at 
500^*. It IK higlily magnetic (Arm ant. 7th 
Inter. (!ongr. Ajiji. (4iem ) Hilbert and 
Diockmanii (Ber. U, 21178) iind that the. best 
way of j>r(‘parmg pure arsenides is to iieat tJic 
finely powderial metal with the vapoui id 
arsenic under jiros^iiie. 'I’Jie mateiials aic 
intfodueed into a bornb-tube of .bma glass and 
heated for several hours at 799 -7.79'. MnA.s 
could only be obtained juirc 1)\ u.sing manganese 
prepared from the amalgam. It i.s a greyisli- 
black powder D 9*2. 'I'lie treozing-]f!unt curve 
of a manganese arsenide and manganese indicate 
the oxialenee of three ar.senides, Mm^As, MnAs, 
MujiAhj (Metallurgie, 8, 739). jMiiAs loses it.s 
magnetic properties on heating at -19' and regains 
them on cooling at 45'’. 

Manganese carbides, 'rnmanganese carbide 
was prepared by*'l’roo.st and Hautel'euiUe and 
ro-examined liy .\loissan, who obtained it by 
heating a mixture of trimanganesc tetroxide 
with one quarter its w'cighi. of sugar carbon, in a 
carbon tube closed at one end, in an electric 
fumaeo with a current of 359 ain])eies and 50 
volts. 'I’he reaction is coiiipliLc in a few 
minutes; sp.gr. at 17'’()*89. Mii.,-f('(diomoiul) 
-^MngC develops -flO^ eal. ftliiaC-i 3('j 
— Mn 304 d-(X )2 develo])s 4 412'4 cal. (Le 
Chatelier). Water decomposes MogC with 
evolution of methane and hydrogen in equal 
volumes; dilute acid.s attack it with formation 
of liquid hydi’ocarbons. Ruff and Borman 
(Zeitseb. anorg. (’hen^ 1914, 88. 395) liave 
investigated the solubilRy of carbon in man¬ 
ganese in the carbon-resistance vacuum furnace, 
using a thermo-couple or Wanner pyrometer foi 
measuring the temperatures. 'I'he. solubility 
increases from 1390® to 1525“, the b.]>. of the 
solution under 30 mm. pressure. At the 


latter temperature manganese saturated with 
carbon contains 7*12 p.c., and the vapour 
1'94 p.c., carbon. Pure manganese boils at 
1510“. The whole of tlic carbon in rapidly 
cooled alloys is in the combined state. The 
residue, after di.stilling the manganese, contains 
graphite. A carbide richer in carbon than 
MugC IS indicated. Kull and (jeraten also 
prepared tlie tnmangano carbide in a similar 
furnace by heating a mixture of manganese 
and carbon at 1990“ for 20 niiiuitcs under 
20 mm. ])ros.sure. The manganese used was 
prepared by the thermit process, and had the 
eonipo.Mitiori Mn 98*98, Ke 0*43, A1 0‘55, Insoluble 
0 25, m.p. 1239' 1242“. The regulus obtained 
contained nests of cry.stals which, after separating 
admixed l•a^boll by acetylene tetrabromide, were 
found to have the composition coiTe«})ondmg 
to MrijC. Molecular fieat of formation from 
mangane.se and giaphite 12*9i2*14 eal. 
(Le (.'h.-itelier, vahu* 9-34 cal.) (Ber. 49, 490). 
Both carl)id(‘S of iron and manganese are soft, 
.so that the Iiardnes.n of alloys cannot he dut- to 
their existence as such, but i.s jirobably due to 
their solid solutions. When finely powdered 
mangancso i.'j tioated with methane or with a 
mixture of methane and liydrogenat 999“- 990'^, 
eaibides arelorincd. In puicmethane, carbide's 
containing over 29 ]>.e carbon arc obtained. 
When carbides containing 8 }».c. or less of 
cai bon are treated with dilule acnls, nearly all the 
carbon is ovoh ed as in<4!ianc, very little ethylene 
and no acetylene being formed ; with more 
than 8 p.c. carbon fatty siibslaiiccs and sjiongy 
carbon is juodiui'd. Manganese carbides.thcre- 
ioK' arc not simjile derivatives ol hydrocarbons 
like those of calcium and aliimimum (Ber. 19J3, 
49, 3429). 

Manganese oxides, 'i'he (om|)oiinds of man¬ 
ganese witli oxygen aie numerous. Tin- lower 
or manganous oxide Miitt is powerfully 
basic; the scquioxidc MnA)., is less basic, the 
totruxide Mii^C), and the dioxide MnO._, are prac¬ 
tically neutral; the dioxide oceasioimlly reacts 
as a basic oxide, but at otlier times as an acidic 
oxide forimng of the type MjMiiOj, 

i.c. it belongs to tin* eJas.s of amiihoteric oxides. 
'I'he higher oxides, however, MnO., and MiioO,, 
have decided acid-lorming jiropertios and 
produce weil-markodi series of salts.^ ‘ 

Manganous oxide MnD is pi-pared by igni¬ 
tion of any otlier manganese oxide, or of the 
carbonate, in a current of hydrogen. It is of 
an olive-green colour and ab.sorbs oxygen from 
the air with formation of a bri>wn oxide. Heated 
in sulphui* dioxide it is ultimately converted 
into manganous suljihutc. Jn solution ill acids 
it forms manganous salts. 

Manganese sesquioxide MiuOa occurs in 
nature as hruuntU ih brownish-black, anhydrous, 
acute octahedret frequently containing silica. 
In the riydrated form it occurs as fnanfjanite in 
brilliant, black or stcel-grey, rh(*rabic prisms. 

It may be ))rcpared hydrated, by paajitig 
chlorine, not to saturation, through water in 
which manganous carbonate is suspended, and 
removing the excess of carbonate by dilute 
nitric aeid. Jt is slowly acted on by dilute 
acids yielding either manganic salts of lervalent 
manganese, isomurphous with the salts of 
aluminium and ferric iron, or a mixture of 
manganous salts and manganese dioxide. The 
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colour of the amethyst is attributed to the 
presence of thia oxide. 

Manganese tetroxide. Red oxide of man¬ 
ganese M3O4 occurs as hausmanniir’ in brownish- 
black octahedra, and in massive forms. It is 
produced by Iieating any ox’do of manganese in 
the air. By the action of acids it yields a mix¬ 
ture of manganous and manganic salts or n 
manganous salt and matiganese dioxide. It was 
formerly used as a pigment under the name of 
mnngnnesf hrou'n. 

Manganese dioxide. Peroxide or black 
oxide of manganese, fre<iuently known as ‘ man¬ 
ganese,’ MnUij. 

Phis iinj)ortant oxule occurs as jn/roJii.‘.tir 111 
very puR“ iron-bluck or steel-grey, rectangular 
rlnimbic prisms of sp.gr. ‘PS-D, and frc(]uently 
Tnas.sivc or reiiiform, in liuiintjng libmus 
mas-scs, usually britth'. it.'' Jiat'dnes.v varu's 
within wide bnuls, and it s<'!doin oicuis pu^c, 
but usually a.sHociatod witlj other nuiiigani'sc 
ores. 

A hydrated variety otciirs largt'ly n>< p'^ilonu - 
litiir 111 amor|)hous, lua.M-iVf, stalaclitic, and fre- 
fluently iii botryoulnl masses, but iu>\er in 
crystals, its eomjioHition is\« iy \ainible. It is 
usually found iii llic same loi.diLies as i>\’Jo- 
lusite, fre<|ucntly ni alternatf' layciK wilb (bat 
mineral. Vnri'ii-ii<' and ui irLuililf are also lij ■ 
drated \arietics of pyrolnsiti*. 

Wad i.s an iinpi rtaiit eartliy 'arn-ty jno- 
duciMl by the deeompo.sition of other mnnganese 
minerals It oeciii.s, generally, in l<m-)\ing 
districts, in amorphous, earthy, dull lilaek or 
brownish pieces of very ^'alulb'e com})o.''iliori 
and hardness. II fre«ju<'nt1y Muitains o\ub“ of 
cobalt; one variety known ns (f^bohinr or (U>ihti 
mbult somctiniiis contains as much as 112 p.i . 
of cobalt. Another variety, hnn/nuhlf , eontains 
18 p.c of copper^oxulc. To addition tti its (uu- 
ployment as a ch?>rinc producer, wad is iiseil us 
an ' umbor ’ paint. 

Of these oxides pyrolusitc is the purest and 
famtaiiis the highest pf-rcentago of oxygen ; it 
has therefore the greatest eoiuiueruial valufs. 
At a red heat it evolves one-third of its oxygen, 
leaA Ing the red tetroxide. 

When heated with eoneeutrated suljihune 
acid, it diflsfdves with formation of manganous ' 
suljihafe an^^volution ofihalf its oxygen. If; 
organic mattfe^ie present the oxygen deeom- i 
iioses it with evolution of carlsm dioxide. 

its action on hydrochloiic aeid is of gjeat 
importance. The Hydrogen of this acki is 0x1- , 
dised, a poition of the chlorine thus libc^ratcd ; 
Combines with the manganese, while the re¬ 
mainder is Hvt free; 

Mn0a+4HCl = Mii(d,-t-2H,0 1 CP 

On this account it is very Ikrgely usoil for the , 
production of ohiorhie and of ileachiiig powder 

Nitric acid has but .slight action upon it. 
When finely divided, sulfihur dioxide, at a low 
red heat, idtimately converts it into manganous 
sulphate. Pyrolusite is a good conductor of 
electri(;ity and is strongly electronegative : it is 
used as the depolariser iii the Leclaneho battery. 
In th© electric furnace it melts and evolves oxygen 
forming the monoxide. It is used in con-1 
Junction with other oxides for producing j 
warmer shades in coloured glass and to destroy ■ 


I the injurious tint produced in colourless glass 
I and white enamels by the presence of ferrous 
: oompounds. The oxygen converts the gieenisb 
; salt into the nearly colourless ferric salt, whilst 
the slight pink tint imparted by the manganese 
still further counteracts the bluish* colour. It 
; seems jirobable that the effect is due principally 
to the latter cause, as red lead and other oxidising 
agents have not tliis decolorising power. 

I’yrolusite is also used in the preparation of 
dark \’io]et. black, and metalhc-Iike enamels for 
pottiTv ami enamel iron ware. It is also added 
to elieapeii blue cnamol by intensifying the 
colour ol cobalt, to whicii, however, it imparts a 
violet tint It has been useil as a p^ment under 
the mime of mnwiuvrsv hlnch. It^ used as a 
(Inrr for mis, i.r. a. .sulistanco added to confer 
drying |»iopi*rties to tlic! oils. It is one of the 
most pow(“rfuI driers known, and is added in 
the piopoitaoii i»f about ^ lb. to 1 cwt. of oil. 
The ’ ta<!kine.sH ■ of rubber Is aiigiuenU‘d by 
small (piantities of manganese oxide. 

Maiigunese dioxide may be jinspared arti¬ 
ficially by moderately igniting the nitrate, 
boiling tlie icsuluo with nitric acid, washing 
and gently ln'iiting (Herthicr). The hytlratcd 
oxide lias bemi used for the removal of iron 
from aluiniiiium suipluitix 

Aetording to Preiny ((‘omjit. ixmd. H2, 1231) 
it forms a definite sul))luite on solution in 
Niil))}iune ueiil, and a solution containing this 
undi r the name of maiigaiie.se peroxide Hu1])liatc, 
juodiucd l)y the electrolysis of a sulphuric acid 
solution of manganous sulpliak' is used as a mild 
oxnhsi'r m aniline dye manufacture. JJoublc 
salts eonlaiiiing MnCI, also exist. 

Colloidal manganese dioxide may be ob¬ 
tained by the action ol ])otassiura permanganate 
on a solution of dextrose, luivuloao or galactose 
m dilute solution of alkali hydroxide: it first 
passes int<i a m.scouh or gid stage, and suTisc- 
cjuently into a limpid, colloidal solution. The 
colloid is ij(‘st formed at. low temperatures, and 
the concentrated eolloul is readily coagulated on 
waiimiig *(Wit5ieinaun, J. Amer. Ciiem. 80c. 
PJir». :i7, 1079; cf. Hredig and Marck, (’-hem. 
Zentr. 1911, J, 1I!)0). A convenient method of 
prejianiig it consists in adding strong ammonia 
Solution at. the rate of one droj) every 3 minutes 
to a bt>ihiig N/20 solution of potassium per- 
rnanganute until it has become deep ooneo- 
coloured and lias lost tbi' clrttractoristic colour 
of p«;rmanganate (Cuy, .1. Phys. Cheni. 1921, ^ 
2.7, 417). (diiome manganese poisoning has 
hoi'll observed to oeimr in workers handling or 
grinding manganese dioxide, or working in dust 
containing manganese as oxides ot silicates 
({’hem. Ab.str. Amer. ('hem. Soc. 1919, 13, 
3243). 

Manganese trloxide. l-'ran^e (.1. pr. chem. 
1887, 14) has described a trioxide MnOg; its 
existence has been confirmed by Thorpe and 
Hambly ((’hem 80c. Trans. J888, 177). This 
oxide ajtjicars to form a sulphate (MnO^lgBO^ 
Manganese heptoxMe Mn.d), in a highly 
hygroscojjic, non-volatil^, reddish-brown liquid, 
whiidi gradually decomp^-HOH on exposure to 
th» air. Its composition was determined by . 
Aschoff (Pogg. Ann. 3, 217). These two oxides 
are of interest, as they form the acid radicles 
of manganates and permanganates: thus, 
MnOsKaO, MnjO/Kjd. 
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Salts of Manganese. 

Gf the salts corrosimiKling t« tiu'sc vamms 
oxides, only two series are of practical unpitrt- 
ance, niaiiganous salts, correspoiicliiig to the 
monoxide,'and manfianates and jKTnianKanales, 
in which manganese acts as an acid correspond¬ 
ing to the tri- anil liept-oxides. 

Manganous chloride MnCI,. is piodnecd by 
the aedion <)f iddoruK' gas on inclallK- tnanganese, 
oi of hydrochloric a<ad gas on the luailed car- 
bonat’<‘. Jn solution, it is obtained by dissoh mg 
the oxide or carbonate in Jiydrochloric acifl. 

On the large scale it is nsiinlly }nodii'-eil fioin 
th(? residual solutions from the cliiorine nmiiu- 
factures. This is tirst ('\n]iorafed f<i reinoNc 
excess of hydrochIon<' acid, and onc-foiirfli of 
the solution is reinovi'd and preeijnlafcd by 
Kodmni carlionate. dTu* pri'cijulate, winch c on- 
tuins manganous carbonafe and fcilic hydrate, 
is waslu'd iiiul boileil willi the rcinaindci ot the 
solution. The iron in solution is tints jiwripj- 
tated as hydrati*, being l■(“pla(•e(] by an eijuivaleni 
<inanl.ity of manganese from the caibonutc. 

('opper, if piesctil, is precipttat(“<f by tlie addition 
of sulpliuretted liydrogen. h“a\ing in solution 
manganese, and usnaily (calcium and other alba- 
lii)e earthy metals. Cobalt, and nudvcl iiuiy be 
reino\ed by the addition of fri'shly piccipitatcd 
manganous sulphide, as long as it becomes 
darkeneil ; those metals aie then jirccipitated as 
suljihides. 

'ITie manganese is jireii)Mtated by means of 
ammonium sul[*hul(\ wa.sheil, dissolved in by* 
droehimic acid, evapor.iUsI, ami er\.st,allise<l. 

It may be iibf.mied ]inre by evaporating tiie 
crude solution of (he on' in and to dryness, 
Igniting gently in a crucible. cxJiaiisting llie 
residue with water, eoneeniiating and eiystai- 
lisiiig. It forms pink delKjuescent crystals, 
coiitaining 4 inoleeufes of vvab'i. soluble in two- 
thirds their weight of wak'r at soluble' in 
alcohol. 

Ill coniinerce it usually occurs as ^i lose-rcd, | 
very deliquescent mass, obtained by e\a|Kiiatiiig j 
the solution to dryness. It is used foi- dyeing 
cotton mangane.se-biown or lironze. ’ITie fabim 
is soaked m a solution of the salt and then 
passed tlirough a caustic alkali, wlii'roby manga¬ 
nous hydroxide is prceipitnted in the fibre and 
t)V subsoquonl atmospheric oxidatjon becoiru's 
brown. 1'h(' matenal thus treateil may al.-^o 
be used for the subsequent <ly«'ing 'ey aniline 
black. The preseiue of ovi'r J p.c. calcium 
chloride in tlic .salt renders it piactically usi'less 
for calico-pniitiiig and dyeing. 

Mangmous sulphate MnSO,, may jireparcd 
by dis.solving the carbonate or oxide in sulphuric 
aci<l. On the large scale if is usually obi-ained 
from (he lilack <]^ide. 'riiis is healed with about 
oiio-lenth part of jiowdered coal, and is tlin.s 
redueed to the monoxuh'. 'I’lie mass is dissolved 
in sulphuric acid, evapnrati'il. gently heated to 
decouijmse the ferrous siilpliate, and tlie man¬ 
ganous Huljdiate dissolved out by water. By 
another proees.s the j^n)xi<le is first digested 
with dilute -sulphuiTC neid to remove caibonales, 
and made into a j>as;to with strong suI[)h».rio 
aeid, heated until the evolution of oxygen has 
I'cased, and then to .strong redness, cooled, di¬ 
gested in water, and the .solution evaporated and 
crystallised. If iron bo still present, it may bo 


removed as in the case of the chloride by boiling 
with manganous carbonate. Manganous sul¬ 
phate forms ]>inl< crystals with 7 mols of water 
very soluble m water, insoluble in o,bsolute 
alcohol It is used in calico-printing. It is 
also us(‘d as a drier for jtale oils or for conversion 
int<» the oxalate or borate which arc also used 
for the same ]mrpose. For other hydrates nc 
Forcrand, (‘(uiijit. rend 1914, 158, 1760; ibid. 
150, 12. All manganous salts arc strong 
reducing agents. 

Manganese borate, used as a drier, i.s ajsalt of 
u faint pinli coloui’, ])re])ured by addinga Holutioh 
t)f borax to one of a manganous salt, washing and 
(living the iiowder so (ibfained. 

' Manganese oxalate, also used as a drier, is 
ju-epared by im'<-ipitation of a manganese salt 
by a soluble oxalate, or by Ihe action of oxalic 
acid on mungancse liydroxidc or carbonate. 
-Vf/rt'/o/o.sc Imoholr /s also used for the same 
purqiose, and ju'epari'd by adddion t>f linseed 
oil-soiij) to maiigunoii': cbJi'i’idc 

Manganese sulphide Miv, occurs m nature as 
(ihibaiuhte, an almost black mineral (streak 
green) crystallising in the cubic system, sji.gr 4*U0 
{arlilicial variety, 4 Oil), m p. I()2t) (Bold), it is 
]U('cipi(.ifc(l fiuin its ^olutloll.s by ulfaline 
sul|thidcs 111 either the rose-coloured or gieen 
fojm (s’K imdtr Detection). Manganese sui- 
jilndc IS ol great impoitance in tln' niaiiufacftin* 
of sled. The addition of mangatiose to sled 
containing sulphui iiicvents ird s}ior(nes.s, tli(‘ 
latter elTcd being due to the .solubility of non 
sulphide in li(|ni(l sted, wlicicas the addition of 
manganese jirecipitatcs the sulidiur as ins(>lulile 
mangaiu'. c .sulphide 

Potassium manganatc Jv 2 Mn 04 . 'J’his com¬ 
pound IS produced wiicn cijiial weights of finely 
powderial manganese dioxide and caustic jiotasli 
are fiused together, a. .ses(]iiio.’;;ide (d niangane.se 
being ]irodu<'i‘(l at the saint time. By the 
aiiditiun of jtolassniin nilratc or by ])ej'forming 
the tgnition in .i flat vessel, a jioition of this 
oxide IS re-o\idi.sed, and increases the yield of 
manganatc. 

It (hssoI\('s in water, forming a line green 
srdution, which, on evaporation tii rafn6, pro¬ 
duces green crv.stals isomorphous with jiotaa- 
sium sidfihate and diromate. 'i’he solution, es¬ 
pecially if diiut<‘, when exjiosed t(> the air be- 
coiiK's converti’d into the pertf/ingannte with 
precipitation of hyefrated manganese dioxide; 
the,liquid jiasses through various shades from 
green (• junk, wlience its name of ‘ mineral 
diamdeon.' In presence of excess of alkali tliis 
change does not take place'. On the addition of 
frei' acid, cspei lally sulphuric acid, the change 
Is imim'diatc', the alkali and mangane.se, instead 
of bi'ing liheiatcfi as hydrates, being at once 
converted into sulphates, and thus losing their 
tendency to icpfociuee the manganate. I'otas- 
sium nfknganate is a powerful oxidising agent. 
Its general action m this respect resembles that 
I of the peiinangaiiate. 

Sodium manganate Na 2 Mn 04 is largely maim- 
faetured for disinfecting imrposes on account of 
its greater chcapiies-s. 

Barium manganate BaMuO^ us formed by 
heating manganese dioxide with barium 
hydroxide or carbonate with addition of barium 
nitrate. Is an emerald-green microcrystalUnc 
powder, insoluble in water. Sp.gr. 4*85. Has 
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been u 8 od as a pigment in place of the more 
poisonous Scheolo’s Oreen. 

Potassium permanganate KMnOi. 'Phis salt 
may l)o prepanMl by the addition of 10 parts 
of potasli dissolved in tlie minimum of water 
to a mixture of 8 parts manganese dioxide 
and 7 ])arts potassium elilorato. I’ho solution 
is evaporated to dryness, iitiely jiowdcred, and 
ignitetl at a dull red heat for about 1 liour, 
until the chlorate has boeoine deconi posed. 'I’ho 
mass js boiled with water, decanted, cnaporated 
raj^ldiy to a small bulk untd erystaLs form on 

surtaee, ileeaiitefl troui the iirecijutate which 
and alloweil to (Tvstalhse : ] jiart of 
lionmi^^anate is produccil ftom 3 parts of the 
oxide {(Gregory, .1. Pharni. ('him. 21, 312). 

It IS, however, usually pre])nred hv liie action 
of an acid on the maniranate. 

Aeconbng to vStadeler (.1, pr (.’hem. ji| IU3, 
107), 1H» p.e. of the <»xh1c may be convi'rted 
permanganate by first |ueparnig tlic manganate 
and converting it into permanganate by the 
addition of chlorine instianl of acid 

2K,\In(), i (d, 2K('I i 2KMn(>, 

’I’lic solution Is e\a)iora(<’d and the pcimaiiga- 
iiate crystallised, kaivnig the potassium chloride 
ill solution. 

'I’cssie dll Motliav and .Maivclial pii-paii' it 
by addition «il iiiagncsinni suljiliate to the man* 
ganate, according lo tin- lupiation 

3K .MnO, I 2MgS(t^-f-2H.>(> 

- 2K.\ln(),r-K..S()4-[ 2Mg(li()),d M»d >2 

It may also lie j*ie]»aicd eieeliolyti(‘aily hy 
jiassiiig a eurront through a solution of the ; 
Jiydroxide u.siiig a ferromanganc.si' anode (While. 
. 1 . IMiy.s. (Jhein. 10 , r ){)2 ; Wdlson. Jlorsch and 
Youtz, J. liid. Kng ('hem. 1021, 13, 7(i3). 

On the larg^^ scale powdei’cil ]iyrolusite 
( 01 ) kilos, of r>()*pc on-) IS placed ni an non 
hasm. t).) Iities of jioiash lye (sp gr. J-rj) are 
slowly added witli stiriiiig, and tin* miMure 
IS heated till the mass is completely dry. 'I'lio 
stirrmg is stopjied from time to time, and any 
largo lamps are broken down with a wooden 
haiumor (the formation of thc.so lumps is an 
indication of the faiouruble working ot the 
proeoss), 'Fhe operation needs 1 (K) kilos, of eoiil, 
lasts 12-14 join's, and resflts iisiifiliy lu the dc. 
compo.sition in xitMio p.(. of a natural on*, or 
40-45 p.c. of ■ rcgenerati'd ore’ (.w; below), 
The j)r<Kluct IS ground in a ball null, and isihen 
transferred to pressure-heaters, i.c. double- , 
walled, cast -iioi) basins with the intersjiaee Idled 
with leail. 'I'lieae are heated from Ik'Iow to 
200'^-270 '; ih(‘y aie provid<‘d with stirrers 
and with a ein ulfir pipe welded on to the Iid, 
through holes in which, corresponding with holes 
in the lid, comjircs.sed air is admitted, jircferably 
heated also to 200^-270'. *This ojieration, 
which inereases the yield of manganute, lasts 
10-12 hours for 300 kilo.s. of substance. The 
mass is now di.s.solvcd in the filtc-red lic^uors and 
wash-waters from the electrolysis and crystallisa¬ 
tion of a previous batch, at a temperature of 
about 40% in a vessel provided with stirrers; 
potassium manganate and hydroxide go into 
Solution, and a ceriain amount of manganese 
peroxide (known as ‘ regenerated ore ’) is formed. 
This is separated by sedimentation, the litpiid 
drawn off through filters, and the deposit 


' washed, 'I’ho clear solution (sp.gr. about 1 * 4 ) 
is electrolysed in cylindrical iron vessels with 
conical bottoms litted with iron Htopcoeks, 

. nickel anodes, and iron cathodes, which an- 
fastened by glass and cement to the bottom of the 
, vessel, being used. Each cell holdS 9(K) litres, 

, and is filled to wntlnu 20 cm. of the rim. The 
■ liquor i.s ])referably w’urmed to about 30'('., and 
a current of 30-40 amperoa ])er sq. dcm. used, 
the voltage being 2‘5-2'7. The operation con- 
tinue.s from 10 -11 hours, and the end is judgi'd 
by the re<l enlour of a sampJi' on a glass rod. 
The whole coiiteut.s, including any crystal.s, are 
nt»w pdurcil into cooling eylimkTS, aiul euoled- * 
in wjnt(‘i hy cold water, in sumnu-rj^y water and 
ice: the .salt is .separated iroiii (lie mother 
liquor eentrifiigaliy, and wa.sh<‘(l in the eentri- 
fng<‘. 'I’lie salt is then drii-d iv /vnad, and 
carefully passe<! through a .small ball-mill to 
break up portions (hat have' caked in drying. 
Ill this way a .salt ol 00 )i c. purity is obtained. 
UTien tin- mother ii((ii()r (whiidi goes into the 
process again) haw accumulntod as much as 
10 [i.e. id eaibonnte, it must be eaiiyticiscd ; it 
is concentrated to sp gr 1-32, any separated 
peimangaiiate or manganese neroxidi* removed, 
the liquor diluted to sjv.gr. IT, cnustieiscd witli 
lime, ami again concentrated to sp.gr. IT» 
(Schut/, ^(‘itsch. aiig*-w. Chem. 1011, 24, 1(»2H; 
J. Soc. ('hern, imi JOIJ, 30, 1157). 

Acconlmg to Desi-labissac (Dingl. poly. .1. 
201, 58), the foIli»wnig mcthoils arc used for the 
preparation of staliuiii manganate ami jx'rmanga- 
niitc on the largi' scale. (I) 500 parts of soda lye 
(45 'B.) are eYa[ioratcd with 100 parts pr)l,as.siuni 
chlorate mixed with JM«) jiarts of the finely 
IKiwdered oxide, ami ignited in iron ])ots until 
quietly fused, eooleil, with constant Ktirring, 
again heated to redness, ('ooleiJ, and extracted 
with water. ( 2 ) 12 {larts of caustic .soda.^dis- 
soh(‘il in 58 parts of w'aler ar<^ heated with 12 
jairts potas-sium ehJorate and 18 })arts manga¬ 
nese dioxide, until it begins to i^ruiublo; tho 
licat is tlu;n increasefl to redness, and the mass, 
aiU'r etioling, is <-.\tracted with 200 - 220 parts of 
vvat(“r. (3) 'I’o a fti.sial mixture of 10 parts 
caustic soda ami I part nitre an- added 0 jiarts 
strongly heated manganese dioxide; the cooled 
mass js Ja(Il(‘d out and extracted ns lieforo. 

(.ondy’s tluid consists chiefly of a mixture of 
soilinm m.iiiganaie ami jicrmiyiganaU* {v. iw/r«). 
For Its preparation 30 cwt. of .soda ash are con¬ 
verted into cau.stic Ho<la by lime ; they are then 
mixed with 7 cwt. manganese dioxide, and 
Ignited in a shallow vessel at a dull red heat for 
about 48 hours. T’hc mass is treated with 
water, dccantiMl, ami tlu' solmion evaporated to 
the required concentration. When the jiroduct 
IS requiieil to consist only of pernianganato the 
solution IS treated with Kulqjiuric acid, and 
cvajiorated until crystals of sodium sulphate 
! separate. Sodium jiernianganatc is, liowover, 

: much more difhcult to purify hv crystallisation 
than the poias.sium salt (v. Hofmann, Reports 
oil ( hem. lVoces.seft at the Exhibition of 1862, 
100 ) • 

i^otassium jjermanganalo fofras fine* dark 
piA'plo jirismatic crystals of groemBb metallic 
1 lustre, soluble m 19 parts of water at 15®. 
i Sp.gr. 2‘7. When heated they decompose, at 
; 2(.K) -240® 

: 10KMuO*--3K.MnOj+2K,MnO5+6MnOs+0O2 
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Heated in hydrogen they ignite and leave a 
green masa containing manganese monoxide 
and potash. 

It is a j)owerful oxidising agent; each 
molecule contains five atoms of ‘ available ’ 
oxygen, more than any other salt. It is 
largely used as a disinfectant. 

When triturated with sulphur or phosphorus 
it detonates; when mixed with carbonaceous 
matters and many othci reducing agents, and 
heated, it buniH. Mixtures ootiiaining perman¬ 
ganates and organu- substances aie very liable 
to Hfioiitaneous deeiunpo.sdion. 

'I’ho crystiils oxidise strong hydrochloric acid 
in the cold,^ itli (‘vohition ot rhiorine ; in solu¬ 
tion the same effect is produced on hf'al nig. 

A solution of the salt is rajudly ledin ed by 
sulphurous acul, ferrous salts, aiul most othiu’ 
reducing agents; less rapidly bvorganie inatler. 
'I’lus solution IS theii'fore used as a l/»sl f( '!• Mieh 
substaimes, and to estirnati' thi ii amount. 

Solutions of lh<‘ salt laii only be liJier«‘d 
through asbesto.s or glass wool, a.s llicy ijuiekly 
destroy liltei-jaiper. 

Zme, non, lead, nieietiiy. ami many otliei 
metals are oxidised inon* or less rapidly l)y the 
solution. Pure potash lias no ai tion on ])eiinan- 
ganate, I'vcn when lieated, Imt m ])i’esfn(e ol 
organic matter tlie ])ermanganale is r<ipidly 
reduced to the green nianganate. 

On nii.xmg eoiu'entratcd solutioiiH ot this salt 
and of .silver nitral-e, a red erystalline i‘ii‘cjpitale 
of Sliver Permanganate AggMiuo^ is piodma'd. 

It may bo used for the jirojairatuin of otlier 
pennungauates. On iinxing with a solution of 
barium eldoride, silver cMonde is pieeip»tated, 
and Barium Permanganate remains in solution, 
from which p j lUfiii'iinac <r‘i<l may he piodiieed 
by the addition of dilute sulphiirie as lung as a 
pre<;ipitato falls. On evaporating the solution 
the acid is obtained as a brown, crystalline, very 
aoluhlo tiias.H, easily decom]Ji>.s(*(l by heat. 

Sodium permanganate A’a.j\ln^o., resembles 
in its firojierties the jiotussium salt (j'. tSodnivi 
Ahinpiufiti ). 

Aluminium permanganate. <*ondy (Kng. 
l‘ttt. 1884, 10015) patented a method of pn*- 
paring this salt for disinfecting pui'i»*ses. It is 
said to give up live-sevenths of its total o.xygen 
to roduemg agents. The alumina present would 
also assist m the nroeipitation of im^mntics in 
water, &e. I’o 1000 parts of a siTution of alu¬ 
minium sulphate, containing onc-tiurd its weight 
of the Hulpliate, is added 58 parts id potassium 
permanganate, which is dissolved by the aid of 
heat. t)n i^’ioling.potassium alum erystailisesout, 
and the decanted solution, winch contains the 
whole of the permangamitc and a con.sulcrable 
amount of aluminium sulphate, is ready for use.. 
MANGANES&BRONZE z’. Manoankse; Tie. 
MANGANESE-SPAR v. IlHonoEn'E; Khddo- 
chbosite; and Manganese. 

MANGANIN e. Nickel. 

MANGANITE. A mangaiie.se-ori' eonsisting 
of hydrated sesquioxidc MiigOa'll >0 orMnO(OIl). 
ft occurs .Hs vvell-drveloped orthorhombic 
orystiils of prtsniatie habit and as lailumnar 
masses. Thcsi* posaess thix-e perfect eleavageslin 
the direction of the lirngth of the jirism, namely, 
one parallel to the brachypinaeoid and two 
]>arall(‘I to the unit rliombio prism. The colour 
is dark steel-gri'y, with a sub-metallic lustre, and 


the streak is browmsli-black; sp.gr. 4’3, hard¬ 
ness 4. Good crystals arc found, often in associa¬ 
tion w'lth barytes, at limenau in Thuringia, 
Ilfeld in the Harz, Oranam in Aberdeenshire, 
Bridge V die in fictou Co., Nova Scotia, &.e. 
The mineral readily alters to pyrolusite (MnOa), 
owing to lo.ss of water and oxidation, the 
material becoming softer and heavier and with 
a blacker streak. PseudomorfhK of pyrolusite 
after iilangamte arc of eoiumon ocimiTence. 
M.uiganite oeiuis together wnth the oilier black 
ovules of manganese (pyrolusite, psilomclane, 
^te.), but as an ore of manganese it is less 
abundant than these. \j. J. S. 

MANGANOSITE. Manganou.s oxide, MuO, 
ciystaliiM-d in lh<‘ cubic systimi, and isonior- 
jillous witli ]»eTielase (MgO). fSmall amounts of 
inagn<‘sia. lime, and leirons oxide are also 
]*resent as isomor])lums refilaeeinents. 'liie 
si^’ull grains and (nlahodral or iliombie-dode- 
cabi'dral crystals have a cubic cleavage, and 
ar<‘ transparent with an emerald-green colour, 
but beeojiK- black on evjiosiire. The inaterial 
lias a strong .selective absoiptmn, the .speelium 
of tninsiiiiltcd liLdit (on.sisling of a narrow red 
band and a lathei wider green band. The 
reliactive nuh'X lot these two colours is 2Tt) and 
2 ID ics])ectively. Sp.gr. r)'IS .5 3(), II. t' 7. 
'I'lie nuneial dissoh'i's with dilliciilly in stiong 
nitric acid to a colouilcss solution. It has been 
found with nianga.nes(‘ ori'S at Liiiigbau in 
Sweden, with mag.'ctili' at Nordniaik in Swi'den, 
and with fianklimfe and /.incite at Fiankliii in 
N<‘W .Icrsi'y. I*o.ssibly it. is of more frequent 
occiuicnec in manganesi’ ou-^ than lias iiitherto 
been lecogni.sed. L. J. S. 

MANGEL-WURZEL or MANGOLDS. BcUi 
(Jaim.). A plant largely grown as a farm 
lU'op, the root l)eing used as a wintei fi>od for 
• attic and slu-ep It a varq^ty of tlie garden 
beet-ioot <n of the sugar-beit? Many vaj-ieUes 
aie known, difTeung in si/.e, sliajie, and colour. 
Averf.ge composition— 

Pro- N tree (’ni<lc 
Water lein hat extrait hbn' .\sli 
Large j’oots . 8D'.'> I'3 O’J b‘7 I'O 1‘4 

Medium KK'O J‘2 DT 8’7 D’D 1*1 

Small .. . SbT) IT OT lOh 0*H 0*D 

Large roots of aiij variety are iporc watery, 
lielier lu nitrogenous siibstarffP^ and crude 
fibre than .small ones; they are not so valuable 
for feeding purjioses nor do they keef) so w^ell. 
When first liarvcRtc'd, mangolds are not suitable 
for food, especially lor sheep, but after keeping 
a few weeks thi-y foim a valuable addition to 
tlie dry, winter food of all farm animals. The 
beneficial efba-t (d storage ajijiears to be the 
conversion of nitric nitrogen into amides (W'ood, 
.). It. Agnc. Soc. IfAtS). 

liie nitrogeiibus constituents of mangolds 
include'much non-proteid material, in which 
ladainc, asjiaragine, glutamine, nitric acid, and 
ammonia are the most important. Of the total 
nitrogen in the root, about 48 p.c. exists aa true 
proteid, from i to 6 p.c. aa betaine, about 4 p.c. 
aa ammonia, and from 10 to 16 p.c. as nitric 
aciil; the jiroportions, liowever, are subject to 
great variations. 

The nitrogen-free extract consists largely of 
sugar, but there are also present oxalio acid, 
citric acid, pectins, and pentosans. 
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An uii example of a mure detailed analysis 
of mangolds the results obtained by Pitsch 
(Landw. Vorsuohs-Stat. 1892, 21, 471) in an 
analysis of the dry matter ol ‘ Golden Tankard ’ 
mangolds (the roots contained 86*82 p.c. water) 
may bo quoted— 

Pro- Pure Nitric Other N-free (It ude 

tein proteld acid Fat Sugar substances fibre Asii 
8-7r» 4*06 0*;il UT)8 60*17 16*98 6*3:i 7*36 

The ash of mangolds, ueconlmg to Konig, 
contains— 


asn m (iry '■i, « m O 

matter U! o Sn tC' r! -Z: ^ 

6*14 r>3-0 15*4 4*1 4-0 0*8 8*4 3*1 2*3 8*4 

3’he leaves are sonudiim-s used as food for 
ea(4l(!, but arc very watery anti eoiitaiu oxalic 
acid (3 or 4 ji.e. -ot tin; dry mattm*). Thjp' 
HonietimcB produce jkiihouous symptoms if used 
in large quantilies. The iidflilu)ii of about 
1 part of linely divided ealeiuni carbonate lo 
1090 jiarts ol leaves is found to prevent 'tlie 
imisonous uetiou ol the i*xahe acid. Kellner 
gives as tile <iveraget eoin])o.sition ot tin- leaves—- 

Water Protein 1‘at, \-lrre extract ('mile llbto Asli 
80*0 2 4 0*1 4*6 l-t) 2 0 

Mangold s<-eds Iiavt* been exaimned by 
Uevarda (Lau<lw. \'(‘isui ]is-Sliit. J897, 19, 239). 
They consisted of 11 o.A p.e. ol wutej* and 
88 i" jj.e. ol dry matter. 'rti<‘ dry matter 
conlaimal — 

Protem Fat N-free extract FiinlefH)re A.«li 
12*84 6*08 38*41 34 01 8*38 

'riie jish eonsisterl of— 

KoO CaO Mi/O l e^U;, ''’h)., (') 

22‘*(‘ 8 0 lt)*l 5l*tt J*o' JOO" rrO 24*6'2*3 

Mangolds require a deep, somewliat loamy 
soil, and, witli abundant mlTogenous maiufring, 
yield very licavy erojis. TJiey have a longer 
jieriod of growth than turnips, and ar<i less 
depemh at ujion })}iospliatie manuring. 3'iiey 
are one of the few crops winch aro bewdiled by 
applications of eomiinni salt to (lie soil ami, 
perhapy for tins reason, grow well on lami near 
the coasts. * II. T. 

MANGK). *iiie fruit of MuMpfera nulna 
{Linn.), a tree of tlui I'hist Judies, now grown 
in other tropical lountnc.s. It is eaten raw or 
used for the pre]iaralion of pickles and 
chulnoys. 

Pi*inse,n-('eerligs ((.'hem. Zeit. 1897, 21, 719) 
gives tlie following data :— 

Meau The ilesh contains 

weight lu Flesh Kind isrfonc (llu- Lievu- 8m*- 

grammes p c. p.c. p cob© lose ro^c 

ISwtHit variety 200 67 3 30 0*6 2:0 9*.j 

Sour variety 300 75 3 22 0*0 l*!i 3*6 

3'lu! gum of tins tu'e was examined by 
Lcmeland (J. Pbarm. (3nni. 1904, 10, 584), who 
found it to consist largely of galactose and 
l>cnt 08 es. H. I. 

MANGOSTIN (> 2311340 ^, a (iryKta)line sub- 
stanoe first isolated from the skin of the inango- 
steen fruit by Schnud (Aimalen, 1865, 93, 83). 
It crystallises in small, flat, palc-yeliow needles, 
and dissolves in solutions of alkali hydroxides 


’ to form unstable salts which are decomposed by 
carbon dioxide. Ferric chloride gives with an 
alcoholic solution, a grceni.sh-brown coloration 
discharged by hydrochloric acid. Oxidised by 
warm nitric acid or potassium pcnnangaiiato 
with formation of oxalic ai'id and otli^r produete. 

! On fusion with potassium hydroxiiie yields 
, amyl al<!ohol, acetic, valeric, and benzoic acids. 
It contains two jiliciiolu* hydroxy! grouj)^, one 
I metlioxyl grouji, and om* or more amA*! groups, 

I IhnHihyl luinujmioi C'^jlIjinOj, ni.]>. 123", ob- 
taini‘(l by .shaking a solution of maiigostin in 
dilute jiotassium liydroxide with methyl sul¬ 
phate, forms faintly yellow Hlcndor neodle.s 
(flill, (Tiem. 8oe. Trans. 1915, 107,4)95). 

MANGROVE BARK. 'I’he Tuirk of tl.o 
mangrove is exporled Irom Mozambique, 
J’arapal, Jlro, J\*ml>a Hay, and other parts of 
Kast Africa, mainly to Germany, Russia, and 
(he United* .Stale.s, and for use as a tanning 
niutr-rial It contains from 35 to 40 p.c. of 
tanmn. 

MANILA ELEMI r. ObKo-UKSi^s. 

MANIOT or MANIHOT is the farina of Manl 
hui iittli^snnn (I'olil.), formerly known as 
.hilrofiha Marti/io/ (Linn.), Ihe plant wJiicIi 
tiirnislu's tiqrioea. Indigenous lo Amerje-a, but 
also cultivated in Afiiea and tropical ehuiateH 
goiieraliy. Maniot is ueeasionuny imported 
Milder the name of ‘ Itvazilian arrowroot.’ 

MANJAK. A form (*f asphaltum found in 
Uarbados and Trinidad. It melts above 204". 
The pniu’.ipal dejio.sits occur m Trinidad, about 
3 im!(“.s from San F<Tnan<lo, as long scams 
between layers ot clay. Jioiied witli oil and 
applied III a Inpud state it affords a tough, 
unbreakable, nibbei like proU'Otivc coating, 
impervious to air and wafer. It is used in con¬ 
nection with rotatoiy drilling foi oil, being 
employed to fill the joints of the japes between 
casing-tlin‘a<Js and drill stem heads. As a 
jiaint. it otbcieiiUy protects ir<m and steel goods 
from sea-waf er, and is useful as a rooJing material 
HI trojiieiil eoiHilries. 

MANNTA. 4'he crincretc juice of the maiina- 
ash, Fraxtnus (}rnun (Linn.), foturulijolia, F. o. 

F. Jiaxhumlcr oxyphylla^ F. f. 
ausfrolts, ainl F. /. txcrUlor. ’liie Or/ius trees 
yield (he Imst manna, but tlic Fpiximder the 
gre.it<“st quantities. Ordinary manna is pro¬ 
cured by making incision.s in ilic bark of the 
tre(‘s during the 8umiii(‘r and allowing the saj) 
to cvajiorate. Most of tiie inauiia of commerce 
comes from >Sicily or Southern Italy. When 
fn'slily jirejiaicd, it is jilcasant to the taste and 
iH u.H«s|, to some, extent, a.s a food ; bi^ on 
mg, it uiquiies mild laxative projieities and is 
used mctliciiially. 

Manna consists largely of mannitol (y.v.), of 
wiiich it IS usually stated (4^ contain from 
50 to 70 p.c., together with some invert sugar, 
gum, an<l ash. According to Tanret (Bull. 60c. 
cliim. J!»02, 27, 947), however, it contains 
noUvble quantities of two complex sugars, which 
he names nKinncotclroMe nml mau nuiotrioffe. His 
analyses show ordinarjr manna to contain 
mannitol 40-55, laDvulosc 2*5-3*4, doi^rose 
2*2»3*o, manneotetrose 12-16, manninotriose, 
6-16 p.c., together with small quantities of resin 
and ash. 

Marogim (Bull. Agric. IntelL 1915. 6, 836) 
gives analyses of genuine commercial eampfea 
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of Sicilian manna uh follows: Moisture 5-11; 
inaimilol 3^1-01 ; reducjng‘^iifjars, before hydro- 
lysin, 10-10; after hydrolysis at KM)", 20-5.5. 
J)ry distillation of manna m /va ao yields a dense 
liquid whjcli apjiatmdy eonliuns inannilo] 
anhydrides? iimniudc and nKinmfon, tlu'se yield¬ 
ing mannitol on hydrolysis. 

M<tunto!drone forms mono- 

cliiue eryslnls, melts at 100 , and has [a[i,-l'150"; 
it IS vefy soluble in ^\aleJ', docs not reduce 
BaiTOswil’s Nolutimi, and is hydrolys<-d by acetic 
acid or enzyme,s, yielding heviilosc and manniiKo 
triose ; or l»y dilute mineral acids into I nu»l. 
<le\trose, 1 niol. lievulose. and 2 mois. galactose. 

Mannitn^iuh'-e ('i Jl sc|»arates from }i()t 
aleoJiol in Hjilicni.al masses, meits at J50", and 
luiK I(>7It icdurc.s Uaricswil's (Kch- 

ling's) solution, slowly tcimcnts with yeast, and 
is hydrolysral by muik'ImI luids, Iml not, by 
cii’/.ymes. 

Among many other \ege^tabh' cMidatioiis 
winch go hy t he naiiu' ol ‘ maniM ’ liii' following 
may b<- nicntioiicd :— 

,1/es7rfi/m// nifiiind : {u) tium Mz/o/xninn 

jil(tl//corpi(ni {11. Ill ) conlams mannitol 80*0, 
sugar 3’1, watei 3 5, ash 11 ji.c. (Mahicn, 
(3ieiii. Zenti’. 1804, ii. 341). 

(Ii) J^’rom tJic lca,v<“s of I'dooli/phi.s diniio.'.ii 
(A. thmn ) containing sugat, iniilin, slaiclt, and 
glim (Andcison, quoted l)\ Komg) 

(<) h'loin Kiicoh/j)li<\ (lumnt. var iiilmhi. 
(anitaius w<itcr 51 7, asli lOS, tiiclilose (»8 3, 
dc.\tJ’OHe 20i), siicidsi' 2'l, gum 3 2, insoluble 4 3 
]).c. (Kheit, ('lirmi. /ciilr. lOOH, n 1874). 

Punmn uvniiiii, from 11 m‘ leaves and tlioins 
of tlie earners thoiii, J//t(r</< iiunoonn// (!\h'(li<'.) 
containing moislute 5'2, as)i 0 4, ehlorojihvll 
and soim* gum 05, sueiose 42'0, gum 20 3, 
residue 32’0 i).e. (K ). 

,SttuH or Tttrjn niotnio, e.Miding Irom puiie. 
lures caused by an insect, ('<Heii-.s iiKiiiiiipdiu-^ 
(Klirbg.), Ill the stems of Tnniuiu ij(dlt<d, var 
viaanijvra, containing ehiolly sugai and devtnn. , 
Ced-ar or Lihdifon dian/uu fi'om tiu- lyanehes of : 
Ccdriin Ldtmn (Barrel, le.). i 

Trekdla niatina from tin- larval cocoons of a | 
beetle, Lanuan indeuldfus, living on the stems of ; 
Echinops fxrniciin (St.ev ), contamiug watei ll'l, j 
ash 2M>, trehalose I7'5, gum 27'J, tannin, staivii, j 
and residue 44*5 p.c. (Libert, lor. rii.). I 

Muntui of <i morbid secretion of j 

bacterial origin caused by t)ie attacks of 
insects upon olive trees, contains 52 p.e. maii- 
uitol, 7*8 p.e. reducing sugars, and 21 5 p e. of 
ntlicr organic matter {'rrabut, (.’om]>t. rend. 132, 
225). 4 

The term ‘manna’ is also loosely u.seil foi 
tho seeds of certain cereals, e.i/. ‘ Boer manna,’ 
and ‘ Kalhr manna ’ are often employed us 
names for oertuir imllets. II. I. 

MANNHEIM GOLD r. tloLu, Mannheim. 

MANNITOL, MANNOSE, MANNOTRIOSE r. 

t'ARBOHYDllATES. Matiiio.so may be prejiared 
from ivory imt sliavings in tlie form ol jiovedei 
l)y treatment with a hot I i».e. solution of 
sodium hydroMile, folltwcsl by digestion of the 
perfectly dried ^esldu(^ with 75 p e. suljiliunc 
acid for b hours, tlie solution diluted witli wftter 
boiled for (>-8 hours, and, when cold, mixed with 
calcium hydroxide, liltcred, treated at 90° with 
decolorising carbon, cooled, and, after adding 
excess of calcium or barium carbonate, again 


j filtered, concentrated in tvciid to a syrup, 

[ poured into an equal volume of alcohol of 95 p.e. 
j alcoliol, again treated with decolorising carbon 
I and again lUterod. After further concentration 
III i'acu6, the almost solid mass is dissolved in 
warm glacial aei'tm acid and crystallisation 
assisted by seeding (Horton, J. Ind. JCng. (Iiem. 
1921, 13, 1040; C4ark, J. Biol Cliem. 1922, 
51, I). 

MANQUETA or MAQUATA, Atcicaii names 
of a fossil gum-resin. resmiibling copal guni, 
found in Angola, below the surface of a ler- 
luginous hard eJay or soil, at a diqitli a few 
inetu's to a couple ol leet, oflmi in jueces 
wmghing si'vei’al [KimKB. 

MANTLES, GAS v. Gas mvnu.es. 

MANURE, ARTIFICIAL ^.•J’EKTllJ.sEKs. 

MAPE. A coai.se stiueli obtained from 
'I'aluli, derived iiom Ihe fiiiit of hioidijn('< 
aiiiln (Foist.). 

MAPLE. T1m‘ name of Uees of the genu.s Jar. 

, 8<nne s|»eci<‘s are valued as shade and limber 
'trees, whilst one, J. .sdichdiiiiinti (Wangeiih.), 
ahoids an iin[)otlan(. soiir<-e ol sug.y in Ainerna 
and Canada. 'Phis live, whic h altains a. height 
of JOO fel t vv-lh .1 t runk of 3 oi 4 leet in diameter, 
iiilords ,i eonsiiU-iable qiiaiilitv ol saeeliaiiiic 
sap it 1a])[ie(l in tlie eaily sjning. Tlie sap 
varii's HI eoinposilion, Iml, on the avei.tgc, 
contains liom 2 to 3 |) <• ol mk io.sc, small 
(|Uiinlilies ol jdoteids, asli i oils!itueiits, and 
veget.ible auds. maiiil.v main’ acid, 'i'he Ilow 
of s.iji IS most la^ml when fiosty iiigJits aie 
iollowid h\ wann da\s. 'I’Jie .siij» is received 
HI lmek<'ls .md rujndty boiled down hi an ojien 
|>.in, the jiioteid malb i whnli eoagiilali's being 
removed by sknniiiiiig. A deposit, olloii eoii- 
taiiiing ealeuim ni.ilale and silica, foims on tlie 
jian bottom. When Die .svriip lias attained a 
siillieient density it IS lun off and either jiie- 
si-rved as s\iu|i, all<T liltratfon or bcdimenta- 
lioii. Ol is boded down still fuitliei, niilil it 
soii(hlieH to a wliile oi blown inas.s of sugar on 
cooling. 

Maple sugar and syiu]i arc highly juized 
lor tulile use in Aineiiea and Ganadn, and arc 
ehieflv used in the locality vvlieie they are pro¬ 
duced. Tliey vaiy considerably in eomjiOMtion 
aeeordiiig to tiu' melliod udojited in their ]>ro- 
jiaration, Imt generf.lly letam a^haraeteiistic 
' ma|jle ’ tlavour. 

Genuine ina]>le sugar is distinguishable from 
iimtations made of cane sugar by the large 
jiri'cipitati' it yu'Ids w'ltii basic lead acetate, 
mainly due to the malic acid ]>ivsent {nee Wiiiton 
and Krcidcr. .1. Aiikt. ('hem. Soc. j90{>, 28, 
1204). Foi the results ot an investigation inl<* 
j the conditions aheeting tli(“ flow of saj) of tin* 

' sugar mapl<“, syc Jones, Fdson and Morses (Bull. 
103. Vermont, Kxjil.. Slat. 1003). H. 1. 

MAQUI. Tl?e maijiu is a small evergreen 
lihaceofi.s slinib {Aridulcha Muctiui, L’Herit.), 
eummon in ('Ink' along the eoursi' of torrents, 
and m shady mountainous woods. It i.s not 
cultivated, but grows wild, and the berries, wdiich 
in Chile are eaten either fresh or jnvserved, con¬ 
tain a red pigment, and are exported largely 
to Fui-ope for the purpose of colouring wines. 

MARBLE (Fr. Marhre.; Ger. Marmor). 
Although this k-rm should strictly be limited 
j to those varielies of limestone winch 

• are sutticiently compact to receive a polish, it is 
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loosely ap})liod in Irado to a great range of orna¬ 
mental stones, jiieluding many wineh, like sor- 
pentine and alabaster, are not even limestones. 
Typical marble, such as that used for statuary, , 
has a eryslallo-granular texture, resembling that 1 
of loaf-sugar, whence it is termed “ saceharoidal.’ i 
Under the microscope it commonly shows an j 
aggregation of grains of calnte, evhihiting twin- j 
lamella*. Tiic devclojimeot of such a sttucture i 
apfiears to he <lue to tliat kind of metariior|ilm; 
actum which Sir A. Ueikic has terineil nuir- l 
moroHi.'i. That ,111 ordinal v limestone may ho 
eorivi'rted hy the opciatum of heal and |Ui‘ssure 
into a {•rystallnic niai Me is know n to c\ciy tictd 
geologist, while tlu* tact has been conliniied 
e'Lpcntm'nlally by Sit .1. Hall (in IH(K")) and 
others. Jmjnirc limestones, when ivltenal hy 
inctamor]>hic jirocesscs. arc olfcii rnli in \'anous 
orystalliseil silu-at(‘s. such as garnet, idociase, 
tietnoli(«-, and mica. An analysis ol Carrafa 
marble gave: (’a(N)i !).S'77, Mgl’Oj 0 PO, SiO. 
O-HI, Al/),-i-l'V,0, 00,S-A»!)i)l. 

Of aneieiil marbles, tin* most renowned for 
the purposes ot sculpture was the I’aiutii, oh- 
lametl fr<mi the isle ot Haros, one of I lie (-'yelades, 
in the .Egeaii sea. The liiu'st kind, know'll as 
hi/cfi>iili‘<. had a ]iecuhar sparkling grain and a 
wMiin surfac<‘, which cnahleil the sculjilor lo 
rimdei the te\tnr<“ of skin with great idTect. 
'I'he old (jimmes have lieeri desei ihed by It. Swan 
(Bnl. Ass, Kep. Newcastli', ISS'.I). 'I’iie f.imous 
Pint'lx maible. Iaigel;y used in Athenian atebi- 
lecture in llie age of I’eiuh's, was a (‘oarsci 
material, adapted for bold sculpture rathci- than 
for delicati' statuary. Cnunra marble, exteii 
sively cm])loye<l in Itome uiulei the natm- ot 
IjHtKt niaihh', and used by Mu'limd Angelo and 
Ha))lia<‘l, IS a very liiie-gruined saeehaiuidal 
limestone, still worked witb other vaiieties at 
Uarrura, Massa, »id Serravezza, in 'J’ustainy. 

The ancient inarhles used in Italy have heen 
slndic'd tiy l'\ (’orsi (l)cllc I’lclre Anlielic, Roma. 
IH.Tl, ;{r(l edit., IlSloj and other antiijuftnes, 
(hallo antico was a lim* yellow marble from 
Numidia, while anlno was a homogeneous 

red marlile, probably from Urei-ee, sometimes 
confounded with Pvijido rosso attlttu, a hard red 
porphyry with while fidsjiar i rystals, from Jehel 
Dokhaji m l^igyj't. ( i'id< aniao is a mixture ol 
se.rpentine i^d hniestoiie ^rom near Atrax, on 
the JViieus, in Sicily, quite ihstinct from the 
Porjido verde atilico, or Ijacediemonian stone, a 
felspathie porphyry from Mount 1'ayg#tus. 
Many marbles .are knowm by fanciful naini“s 
derived from colour, locality, or a sii|K‘rtieial 
resemblaiua to natural ohjects: tlius, Bardufiio 
IS a grey or bluish martilo witli while veins, 
\vhilst Cipollnio iH a white marble wiOi green 
veins of mjea or tale, (Oi^ Jtalian inarhles u. 
W. P. Jervis, J I’esori Sotter^-anei dell’ Jtaha, 
vol. 4, Torino, J88!). For ancient marltlcs 
V. M. W. J’orter. What Rome was liullt with, 
Oxford. 3P07 ; H. W. Pullen, JIandhook of 
Ancient Roman Marbles, Jjondon, 1894.) 

The marbles of the British Jsles are derived 
mainly from the Devonian and C'arhoniferous 
formations. Plytmaiih marble occurs in the 
Upfier Devonian, while the Great Devon lime¬ 
stone, of Middle Devonian age, lias l>een worked 
08 a marble at Babbacomlie and St. Mary 
Church. The Madrepore marhleH of 'Forquay 
are largely used for trivial ornaments. The 


UarhoniferouH limestono of Derbyshire has long 
been famous for tlie beauty and variety of its 
marbli's, the b<'Ht known Iwing the Kiicrinital 
marbles, w’Jiieh owe tlieir eharaetoriHtics to the 
embedded ix'inains of erinoids or ‘ ^oue lilies/ 
Similar enerinitie marblo occurs at Dent in 
Yorkshire and in Kiiig’.s ('(>., Ir4'land. Rottennxxi 
marhk isa la'antiful brown variety from Ashford 
m Derbyshiie. JUa<k marble, such as is worked 
in Derbyshire, (iaUvay. and Kilkenny, usually 
emits a let id odour wiicn si ruck, and Iohoh its 
I'l.lour on calcmation. W. N. Hartley found 
1-48 p.c. ot carbon and P (H of sulphur in the 
Mack mailile of Kilkennv (Pruc. R, Dub. Soc. 
1887, o, 4St>). Till' black ('arbojipfc'rouH lime¬ 
stone of Krlgiiim and France, wi(,h small white 
SCI linns ol cm rnnics, is l<•rm(‘d locally Pelii 
•I I an it. 

Jauikk hjln js an Italian name for any shelly 
marble, huf is s[H'cmil\ applu cl hy mineralogists 
to a Liassic hmcstoiie lioni Bleiherg, in (’anii- 
tliia, <-ontaining the remains of ammoniti's, 
which hy tlu'ir hnlhanl jilav of colour resemble 
jux'cious opal. An argillaceoii.s limestone, re- 
maikahly rich in dendritic markings, occurs in 
irregular ma.sses in the IMnetic aerie.s, near 
Bristol, and has been jiolislicd umler the name 
Ilf ljaud\fitpi niarhh. The Pinn uiarhle of 
'I’liscany ^ J*^**!! argillaceous material, found 
near Pisa, and sometiiin's dcsctibcd as a kind of 
lithom.irgi'. 'I'he .imn/onilc maible, found near 
\'4*iivil, IS a brown Liussk limestone, rich in the 
rmnains of aminomti's 'I’lic oolitic formation 
know'll as Fi/niM niarblv lakes its name from 
Wychwood Foi'cst in Dxforilshire, wliieli yields a 
coarse shelly limi'slnnc, occasionally jiolished as 
an ornaiiu'iilal stoni'. 'I’he famous Purhech 
maible, ('xtensivcly usi'd in Gotliie areliitocture, 
csyiecially fur slender clusU'red siiafts, is a grey 
fresli-watcr linii'stonc of Upjior Oolitic «ge, 
crowded with palndma-; whilst Ili«' <S'M,wca' 
maible is a simil.ii shelly limestone, of fresh- 
w'ati'r origin, oi ciirring in hands in tlie Weald 
clay. • , 

Sluliiijnnln' waihli.'i or Ouij.r.-marhlrM {(j.v.) 
consist of handed layers of caleite deposited 
trom solution in laves. These were formerly 
called alabaster, ami are now' often known as 
‘ Oru'iital alabaster,’ the adjeetivi* Ix'ing used to 
distinguish it from true alahastiT, which is a 
nativi' form of calcmni si^phaie (gypsum). 
Well-know'ii varieties, often used lor decorative 
purposes uml small ornamental objects, are 
Ahjfrmii oni/x and onyx. 

Ophicalvilc IS a name ajqilied to sejpentinous 
limestones, which generally displa^ clouded 
i pattet^ns, due to the* interbJending of a white 
limestone or d(*loimte with a green serpentinous 
j mineral. Tlie ‘ Irish green ’ of arehiteets ie a 
j rock of this character froi* (lonneinara in 
western Galway. Of a similar nature are the 
! serpentinous marhh's of Anglc-sey, the eozoonal 
^ marbk' of (^'Miada, and thi' vi-rde antico pre« 

' viously mentioned. As the two constituents of 
an ojihiealcite are uneipially attacked by atmo¬ 
spheric agents, such a fock is unsuited for use 
in oxi)ose<l situatioas, since it soon weathers to 
a fough surface. 

In fact, marble generally is hardly suitable 
for outdoor work in large towns. The atmo* 
.sphere of a city becomes charged with the 
products of the combustion of coal, including 
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acid compoundfi of sulphur, and must sooner or 
later attack all marble monuments. It has been 
shown by Sir A. Geikie that marble slabs exposcjd 
in the churchyards of Edinburgh suih'r total 
dostructior^ in lo.ss than a century (l*roo. Boy. 
Soc. Ediiib. 1880. 10. 518). 

A minor use of inurb!i‘ js for the piuduction 
of carbon dioxide in srnia-wafer mamifaefure. ! 
In the United Stales about 2.5,000 tons of h<Taj) j 
marble are annually gjoinul into dust for tins [ 
purpose. j 

Watson, British and Foreign j 
Marbles, (hrobridge, .1. A. Uuvie, (reology ; 

of Building Slones, Jiondon, IlUO; I’. Meinll. j 
Stones for Jhnlding ami Decoration, Ihcl eti., 
New York, lOOIl; S. M. Hnrnhain. History ami 
Uses of Limestones and Marbles, Ihiston, IHMIl ; 
T. N. Dale, 'Phe (.’omniercial Marbli's of Vermont, 
Bull. U.S. Ueol. Survey, 1012, Ni». ^521 ; 1015, 
No. 580; A. l./‘e, Marhio and Mnrhie WotKi'is, i 
London, 1888; IV. (r. Kenwiek, Marble and 
Marble Working, London, 1000. L. J. S. 

MARCASITE. An orthorhombic form of 
iron disulphide FeS^, dimorphous -with the eubje 
iron pyrites (?•. I’yniTKS) nnd isomorj)hou.s with 
niiKihckel (F<‘AsS). Crystals are not infrequent, 
but their form is usually nnieh obseiii-ed by 
twinning, jirodncing more or less eharaeteiistic 
forms, wlmdi have given rise to the names 
‘ R])ear-]>yntes ’ and ' <‘ockseonib-]iyiiies.’ Stiiluc- 
title andnodulur fonns Avith an inteinal radiateil 
structure arc also common. The sp.gr., 4-8, is 
rather lovver than that ot iron pyrites, but the 
hardness (H. = -0) is alsmt the name. 1’lie colour 
is pale brass-yellow, lather lighter than that of 
iron pyrites (henee an old name ‘ white jiyntes 
but the. mal,erial fri'quently show.s a surfa<-e 
tarnish. Marcasit-e is less stable than non 
pyrites, and in a moist atmosjiliere it d<‘eompo.ses 
more readily, with tlie jiroduition ot iron 
vitriol. When the material sliows no cry.stal 
fonns it is not always distinguishable from iron 
pyrites, 

Marcasite occurs in,mineral veins, »s cry.stals 
and nodules in the chalk marl of Kent, in ligniti' 
and clay at JaUinitz in Bohi'ima, &c. It is 
much less abundant tJian iron ]>ynte.s. When ; 
found ill large amount it is msed, like iron 
pyrites, for the manufacture of suiphunc acid 
and iron vitiiol. L. J. K. 

MARCASOL ite SYNTiiKTir druos. 

MARC BRANDY OIL r. Fusel on,. 

MARCTINE. Tradi; name for an anlithermie 
CHj-CjH.'KJl-NlI-CO-NU.ll : S). i.f. riu-thyl- 
acetanilidf, in which Ihc aept j I radical is replaced 
by the Riiiip NH-CO'NH,. For rouotioiis and 
teats, I,. Lemaire, Rc]i. riiarni. HK)7, lit, 4<l; 
J. Soc. Chem. Ind. 1907, 342. 

MARETIN m -t olylsemioarbazide 

Nil—NH-CO—NH, 


Used as an antipyretic, v. Synthetic drugs 

MARGARIC ACID (\flH 33 COOH is stated to 
occur in the wax of licBens, and is obtained by 
boiling margaronitrile with aleohohc potassium 
hydroxide (Becker, Annaleii, 102. 209; Heirfvz, 
J. 1857. :I56). 

MARGARINE (Araerifan, Olfomargarim} is 
the generic term for butter substitutes, consist¬ 
ing either of a mixture of animal fats alone, 


or of animal and vegetable oils and fats churned 
with milk to a butter-like emulsion, and coloured 
yellow (unJesB forbidden by law) with annatto, 
methyl orange, &c. During latter years, -with 
the. exiiansjon ot the margarine industry, two 
further kinds of ‘ margarine ’ have been brought 
into eomnierec, namely (0 maigarine made 
exelnsjvely ef vegetahh* fafs and oils churned 
t<» an emulsion with cow's milk, and ( 2 ) mar- 
ganni' made horn vegetable oils and fat-s, wherein 
tor cow's milk is .substitnled an emulsion made 
from kernels of almonds. Tims the last-named 
arlicle consists e.xehisivciy of m/ffahic products 
and i.s sold under the name ot ‘nnt butter’ for 
the n.s(' of vegetanan.M. A variety of the last 
class ot butler substitutes, no doubt siiggesU'd 
by the iai-t that thoir consi.stoiici' was t.oo soft, 
IS made from a mixture of oleomargarine and 
milk of almonds (with an addition of sesame oil, 
\\^icr<‘ pre.sej-jlx'd by law). 

'J'lie industry of butter substitutes owes its 
oitgtn to expennu'nls (imhioed by a prize 
ottered by the French (lovi rnment in J8b9) 
made by Medc-Mouries. which were worked out 
to a miuiufacturing 2 iro<-e.s.s in Bans in (he year 
1879. 

In t he manufai-ture of t he original margarine, 
as made by Mege-Mouiies's proee.ss, (be animal 
fats used weri' oleomarganiie—‘ oleo oil,'—and 
( 01 ) neutral lard. Botli inureilMUils must be 
]»r<‘|»are<l trom the Iri'shest beef tat and (or) 
hog-lal- res])eetiveK. 

I’or (he j>rodu<‘(ion of oloomargartne, the 
rough tal IS removed from (he slaughtered 
animal as (piiekly as jio&.sibic and brought 
into the works, where it is sorted. The kidney 
anil bowelfut.sfti eH(‘Iecled, (ben carefully washed 
with warm watei and Ihoiouglily cleansed. 
The cleansed fat is brought immediately into 
large, w'ell-ajred, artituiully ••ooled looms (,o 
dry and hardi-n (being alio-wial to hang there 
suspended from tin liooks foi sevi'ral hours), 
or IS imiuer.si'd in iced wati'r m order to si'eure 
more rapid hardcnnig. 'Die hardened fat is 
(hen cut mi and simulded in a shredding machine, 
and finally ground betwi'cn rollers. The dis¬ 
integrated ina.ss IS introdnci'd into tin-lined 
jacketed vessels (‘ melting kettles ’) and brought 
to a lemix-raUin* not exceeding 42®, this twnpera- 
(uro being maintained by steam.pr hot water 
jiasHing through the ja<*k('t. 

At this temperature a jiorlion only of the 
tallcfW' contained in tlu‘ ti.ssue separat(*s on the 
top of the comnunuled rough fat. The settling 
and clearing is assisted by sprinklfng salt over 
the surfac<‘ of thi' melted fat. Tliis melted 
portion, termed ‘ jiremier jus,’ is run off into 
shallow tin lined trays arranged in tiers in 
a cooled room, wliep (.he bulk of the ‘ stearine ’ 
seimrates in a, crystalline condition. The 
orj’^fitalli^ed mass in the tins is cut up into 
square pieces of about 3 lbs. w'oight eacli, 
wrujiped in canvas cloths, and placed in hy¬ 
draulic or mechanical presses. 

For the In.'St qualities of margarine, the 
‘ premier jus ’ is rcmelted at a temperature not 
e.xceeding 45° and allo-wod once more to settle 
out, after salt has l>een added, W'hereby the last 
remnants of membrane and tiasue are precipi¬ 
tated. In large works the clear fat is allowed to 
run into wooden vats, in which it stands for 
from 3 to 5 days at a temjKirature suitable for 
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the crystallisation of the ‘ stearine.’ The whole is removed (for butter-making) by means of a 
is then stirred up into a homogeneous pulpy centrifugal machine, &c. The regular delermi- 
mass; thi.s is wheeled in w’oodon waggons to nation of tlio fat lu tho milk is neocssary, not 
the presses and treated os described already. only tor the \>roper control ol the works, hut 
I’he olefonargarine, ‘ oleo oil,’ wdiiiili runs also for the further reason that it has not infre- 
out from the presses turmerly <‘onstitute(l the qiiently occurrc'd (im the Contineul) that too 
exclusive' raw mnterial for tin- inauufaetuic of mucJi cnvim jh taken idF hy the M'ller and 
margarine. replaced l)\ .scMime <»il, cotlon-secd oil, or even 

Jn some works tlu' rough fal from which I lie hv margarine. 

‘ firmuier jus ’ has been taken oil (in the mamii'r 'I’he eliiirnmg niacliiiies (Hmsist of oval, 
deserilxal above) is hcali-d onct‘ moie to about jacki'Icd vessels provided witli oik* or two sets 
5t)°, when a siH'oiul portion of fal is rcenvered. of .sUrnng and mixing g<-ar. During the jirocoss 
This IS s<ild as • sceuiida JUS,' and IS used in I he <»l ehurtiiiig a eonslant It'oiperalure must Im‘ 
manufacture of nifmior kinds of tnargariia- Mi.uutanied by means of sti-ain sent tinougli the 

.Vmoiigst llu' \cgejal»le nils, en|ton-seed ml jaeki'l ol (li*‘ elmi'ii. 'Pile objectwwf I'lmiiiiug. 
and c.o(,t(tn-seed ste.-ninc, sesaim'' oil. araclns bi'sidc's tlunougliK' nu\ing the ingredients, is to 
od, and recently e\mi soya-bean oil. are pre- dislrov tht‘ tendency ol tlie ohsuuargariue to 
{erred. Accairding to tlie iiitmidcd 4 Mab(\ (>1 <:rysfalli.sc, and to pulv<Tis<> (‘atomise’) the 
tin* iiiurgarnie, (he (piabty of tlie colbm oil mixture, as if were, into single glohules, .such us 
van(‘S. In any case (he cotton seed oil luiM huttci-fat tonus ni iniJk. 'J’Jic art of tho mar- 


bo practically de\'oid of fna- fatty a-ads. and 
rendered as free ;i,n possible from iIk' peculiar 
flavour charactcnslK-of this oil 'Plu* best liraiid 
of cotton-si*ed mi usi'd tor miiigaiiiK' in.iking is ; 
known under I hi‘ name ' but ter ml ’ AimcIhs ml 
(also olive oil) and si'^ame oil are iiseil to a . 
greater extent in Kiiiope llnin ni the United 1 
States. Relined ciico nut ml and paimkeiiudi 
oil are now ineorporateil to a very eousKierabh' 1 
(‘Xtmit with the iat stock ol maigaiin<‘. ! 

A new Mouice <if sulid fats lias IxM'ii mad<‘ 
availabh- for the inanufactuic of margatnic by 
the de\'eiopuu*ut of the juoi.i'ssof li\drogenalmg 
oil (sec lUxHi'KNKO Dus). 'Phe use of hydio- 
gcnahMl oils for this purpose was jiateiited by 
Gevoaux (h'l. I'.it. 4.‘)Ho| I, In Amciicn 

cot’ton-sced oil Iniideiied to the requned exlmil 
is now freijuently used iii [ilaee oi oleoni.irgarnii'. 
Atlmiijits have been made on tiie Umitinent to 
use hx'^drogeiiatcd !ish tuls in (lie manufacture 
of marg.irine, luft. the leciirreiue of the mignial 
odour renders these |>rodiie1s unsuitable. In 
this country maigariu<-s conlainitig h^'ilni- 
genati'd oils are. as yet. only prepared for 
spe.cial purposes, sueli .is for tJie use of bakeis. 

'Pin. oleomargarine, ‘ oleo uii ’ (and neutral 
lat-D IS mixed in rkmuiiui nuu-hux-.s at as low a 
tenijierature a.s is consistent with a semi-lluid , 
condition with the vegetable oils and tats, and : 
with milk. ^ • I 

The quality of the result ing jiroduet dcjieiids, j 
to a grt at c.xtmit, on the ijualily of tlio milk and ' 
on its treatment previous to its admixturo^vith 
the futs. The milk may be either sweet milk 
or sour. 8x#et milk i.s more difficult to amalga¬ 
mate witli f he Oils and fats, and is ret.iined with 
greater dilliculty than soured milk, but the 
advantage the (‘mployment of sweet milk offers 
is that the resulting product lias a finer taste and 
keeps belter. The soured raill^is, however, more 
ea.sily incorporaU'd with the fats and gives a 
liigher yield. Tlie proper treatment of3 he milk 
in tho margarine works constitutes one of the 
mo.st important features, just as the corre,- 
sponding part of the buttcr-makmg jiroccss doe-s 
in large dairies. The milk should be xvorked up 
as soon as possible after arrival. Jn any case it 
should be pasteurised immediately after it is 
received, and no preservatives—not even salt— 
should be used to prevent tho fermentation of 
the milk. If the cream has not boon taken off 
before the milk reaches the margarine works, it 


giii iiK' maker at (hi.s Ktiige of t he process consi.sts, 
llierefore, in carefully leguliitiiig the mtjow of 
nitlk iukI faf stock, .so lhaf a thorough emulsion 
IS finally olitamed. 

I‘'n.s1, the milk i.^ jmf hiki'warm into tho 
churn and is mixed up wifJi a little cream, 
followed by file additi'in of buftiw (if any b<' 
added). When tlu- inasK is thoiougldy emulsified, 
jiart of fill' oleom.irgiu'ine is added cai’efully, 
.ind when this has liecn properly incorjxirated 
M'lth the emulsion, tlie oils required lor the 
margarine .stork are entered gradually and only 
j then t he remaining oleomargarnie is mixed in. 

1 At (his .st.ige some mamifiieiurers add colouring 
j matl^'rs TIu* steam is then turneil off, and the 
j warm material cooled to a tiefimte tempcra- 
j ture by cold water being sent t hrough the jacket. 

I In a process no longer used in u|)-t.o-datc 
! woiks, tiie cooled niargariru' leaving tho churn 
I was delivi'icd into n tank iimf di.sintegraU'd by 
1 nusding a current of |(•(•-eold wat(“r under pros- 
j sure. I'hiH so-ealled ‘wet’ iiu'UkkI has been 
i praetiealiy .superseded by the dry method. 

T1m“ e4K>ling of the still Jiijuid margarine by 
j’uiining it oir to a eo<ili‘(I fulile, has the serious 
diawliaek that tlic eooled mass is oi uneven 
tIueknesK. and hence an unevenly eooled product 
18 olitamed. 'Phis drawback is avoideil by E. 
and 11. It. Schou, who I'CMd th<‘ margarine in a 
thin layer, of a thickness of about 1-1*5 mm., 
between two boDow eylinderi^ which n^volvo in 
(ipjiosite directions and are cooled by a cold 
briru' solution. ‘ 

A large number of patents have I)eei> taken 
out for ■ liomogemsing ’ or ‘ atomising ’ in 
i sjreeial machines the mixture of mim and oils 
! an<l fafs. Tlie merit claimed for these machines 
j IS that tho Jiroduet is more solid and lias no 
i ‘oily’ but ratiier ‘a nut-like ’ taste. A draw- 
j back of all tlie.se apparaUi-s is, Jlowever, that tho 
, margarine retains more water, and hence tho 
jirojioition ol lai falls Ik'Iow 80 ji.c. I’hercfoK'? 
in ihortc eouiitncs wliere the maximum tier- 
I eentugi' ol lb |».e. of wafer is prestrribod by law, 
tlie sale of such margarine wouldT meet with 
i diflindties. • 

In order to cdiviate this drawback, and at 
I tfi^ Kami' time to dispense with the kneading 
j nmehines. in which the excess of the milk is 
! removed, Selirocder (1). R. PP. 2040C1 ; 2040(12) 

! carries out tho blending and omnlsifying process 
; in tlirr-e churning machines arranged one above 
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the other and working in conjunction with an 
‘ aiomiHer.’ 'rho tem])cratiire in tlu's tln'cc churns 
through wliich the nuxtiire of fats and milk 
passes is rcigulatod can^fully so that the com¬ 
pletely emulsified contents of tlie lowest churn 
can be diso'hargcd on to a cooled table, where 
the mass solidilies to a thm laycT, w’liich is 
He, raped oil' by a langenlialiy acting ‘ iloctor,’ so 
that the thin wilidilieil him is lurled uji and 
diseJiargi'd into a w,i.ggon. 'I'lie ingreilients 
forming the margarine are mixed (r. 'injui) in 
tlie }>roportion oi Hd jiarts of fats and oils, lb 
])artH of imlk, an<l 4 parls of cream, eonsisimg 
ajiproximately c)f one-tlnnl of ImMer-fat. 

Among more recent types of emiilsiliers 

menlion may Ik* mad<* of tliat of Silkeboig 
(Eng. I'at. liioT of Idll) ami that of Uhchfeldt 
(Eng. l*al. J8()4S of I!ll4). TIh* forniei consists 
of a honzontal (^vlmder siirioiinded by a li<‘utiiig 
jacket, and containing a Totaling agiftitoi, wliieh 
drives the mixture, of milk ami tat against ti\r*d 
baffle ])lates (miitainiiig perfomhons, which effect 
line subdivision of the mass. 

In Rlielifeldt's ajiparaliis llie emulsilication 
IS effoeU'd by nu-ans ot a lotating disc pieicfal 
With slots, whicli IS mounted on a Jiollow shaft 
in a vessel the walls of which are elosi; t-i» the 
disc. 1’ho milk is introduced tlirough the hollow' 
shaft, whilst the melted fat is <l<!liv<M’(“d thiougli 
an opiuung in a tube jiassing across the vessc-l. 
'Phe use of tiu'si’ newm types ot emuksitii'is ; 
jiermits of tlu* pi-oecss being carried out eon- I 
tinuously, and tliiis effecting an economy in j 
Hjiace, pow(‘r, and iimi'. > 

Xn the now jiracl ioally obsoleti; ‘ wet’ method j 
of cooling the emulsion Avatcr clnllcd to alow j 
temperature by ndrigiTators is used as the liool- I 
ing moiliuni. Various modilications <»t eooling j 
devices arc also in use. For (‘\inu])ic, in lias- j 
mutisen’s apparatus (Kng. I*at. of ItUll) , 

th(‘ fatty mixture is ihstributed on tc a hollow j 
cylinder w'hich rotates in cold water, at a di'ptli | 
of about two-thirdfl its diaimdiT. 'J’he con- I 
gcaled fat is then remnv<‘d from the surface by ! 
means of scrapers w'hich dejiosit it on a travelling 
band. 

Jn the ‘ dry ’ method of elnllmg the emiil.sion 
the mi.vturo may bo distributed on to a travelling 
band which traverses a inirrent ol cold iilt<*red 
air (Kng. Pat. 202112 of 1011). this mctiiod, how¬ 
ever, being too expensive for use; or, as in 
(fhristensen and ^raundsen’s jirocess {Eng. Pat. 
205()8 of 1912), it IS distributed as a tliin tilm 
on the hurfaee of a rotating cjdinder, through 
the interior of which chilled brine circulates, 
in Schdu(s cooling drum (Eng. Ihvts. 12.5(11, 
11)07, and IlOO, 1909) brine chilled («> --7'' is 
circulated through cylinders revolving in opjio- 
sitc din^ctions, and eajutblo of being adjiistr'd 
so that a desiipd thickness of film can he 
obtained. A similar type of ajvparntu.s has been 
patented by Jurgens (Eng. Pat. 10808 of 1914). 
After being chilled in this way margarine fre¬ 
quently has a crystalline stnietui*c, and requires 
a tinal mechanical kneading to giv<‘ it the con¬ 
sistence of butter. • 


a bnlterdiko mn.ss by raenn.s of rollers contained 
in cylindrical rotating drum.s. The margarine is 
thus thoroughly worked througli, and the excess 
of water squeezeil out, so that a homogeneous 
mass results. This is Uien salted to taste, mixed 
with a little colouring matter (if permitted by 
law’),and again subiiuKed to thorough kneading 
in a second set of kneading machines of the 
same or of diffeient type, in order to produce 
tlie required t(‘\luie (hioug)ioul the wliole mass. 
The mi.xture with .s.rlt, jire.seivutives, A'c,, is 
I iiHiially effected by means of a IJeniling machine. 

^ The nuugarine is linaliy nioiiiiled mio lumps, 

' p.its, rolls, or any otli< i <ii'su<-d shni»e. 
i As ail cxampli- of .t good w'orking recipe for 
margarine tli<‘ lormiila olhcially [iiopo.sed in 
J918 may be quoted. \ iz.. kremjei Jus. lo; 
eoi'oniit 011,15; palm-kernel o|i..59, uraehis od. 
19; and cottoiisei-d oil, 19 )).c. This meUed at 
.ikoiit 25 . Foi wilder use the formula was 
modifieil so a.s to contain 39 p.c, of liquid oils, 

I 29 p.c. ol animal lats, and 59 jie of vegetable 
: lats. 

, The (dijeet of (lie margarine maker being to 
i icikIci Ills product as closely sinulai to butter 
i as jiossible, and to take away the ‘ tallowy ’ or 
I loo strouglv ‘ "ily ' taste ol the matxjnal, some 
I manulaetureis (ju'ovided tlie, law jiermits) add 
j cow's Imtter. Others add .small quantities 
I of volatile jickIs, volalih- akUdiyiles, mixed 
glyceiides containing ImtyiK- iMid, siuli a.s 
dibu(\ loinoiiostearin .iiid die.iprv lonionostearin, 
or ‘ butte! jierfiimes,' which cmi.MSI chietiv of 
volatile a-eids. such as {)io|)ioiije, Inityne, enjiroie, 
ami then etlivl esters. Also coumaiin (Hr)id ns 
an emulsion witii sesame od) woiilil fall under 
the IkskI of ‘ jiertumes.' 

It should, liowevei, be stap-d 1 hat margarines 
pnpareil from the- best material and in an 
unolijeetionable manner do m^l reipnie any of 
these addilions. The lallei aft- '-hK-lly usi-d iii 
ord(‘r to mask low grade nialenals, or to aflord 
aimlytiea! data whn-h may create a lietitioiis 
mijiression as to the real nature of the product. 

An important jioint in the manufacture is 
to jiroduee margaune whieli will frotli and 
‘brown’ on heating, .so that even in cooking 
the margarine may resembk- butter. Since tlie 
pro]K*r(y of butter to brown niul froth is due to 
casein and milk sugai* it is evulent that llf-^ more 
milk IS used in the manufacture fH marguniie, 
the nearcM- will the jiroduct appro.ximatc to 
ImtU'r. 

iVIilk IS liberally used m tins country and in 
America; but m some eontinenlfcl countrie.'S 
where' tlie law' forbids tlie addition of more than 
a strictly limired quantity of milk, a number ol 
patents havi‘ bec-n taken out for substances 
which are credited with imjiarting to margarine 
^ the desired jiioiieftios. l*rominent amongst 
tlieso jiatented products arc casein and other 
^ proteini^ 8ome patentees claim cholesterol 
and cliolest.i'rvl i‘steis, or lecithin. Lecitliin is 
now incorporated with margarine in Iho form of 
yolk, W'hich is, of course, cheajxir than 
lecithiii. 


Effectivo emulsification depends upon the 
correct ajiphcation of the principles of colloiilal 
chemistry. For an outline and discussion of 
tliese jirmciples reference may be made to 
W. Play ton's ‘Margarine’ (Longmans, 1920). 

The solidified margarine is now kneailed to 


Vegetable waxes have also been proposed as 
admixtures, and tin* use of beeswax for this 
jnirpose has even been patented, although the 
addition of such substances must seriously inter¬ 
fere with the digestibility of the margarine. 

Besides tlie taste, the consistence also plays 
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an important part in the valuation of ^lltgaiine. 
If the finished mandarine has not been worked 
sufficiently on the tables, its consistence may be 
. cither too ‘ greasy ’ or too ‘ sandy.’ i.c. ihe semi* 
orystallrne mass has not been properly ‘ broken,’ 
and its grain differs from that of a pro])er]y 
prepared dairy butter, yonio margarines are 
also finally mixed with a little glycerin, or glu¬ 
cose, or sugar, in order to improve the texture 
or to give them a glossy a[>pearan('c and also a 
sweeter taste. Tlie addition of glueos<‘ or cane- 
sugar must, however, he considered ••}■ mistake, 
as this only leads to juemalure development of 
fungus on die margarine. 

The manufaeturc ol Imder substilules is 
differently iillVeted by k'gislalion in ddhuent 
countries. In this eounirv the adding ot butter 
to margarine in anv iwoportion was at (iiNt 
allowed ; for, m-eording to tin* MiirgiiriiH* Act of 
1887, any “ butter ' coutauung even tbi' smalle.^t. 
quantity of fonugn fat was lookeil upon as 
margarine. By th<^ Margarine ('laus<‘ of tlie 
Food and Drugs Ai l, 181)9, however, tin- maxi¬ 
mum projiortion of butter-fat in margarine has 
beiMi restricted to 10 ]> e. 

This restijetion has been eonlirmed by the 
Butter and Margarnu' Act ol 1007, and it has 
liceii furtluT enacted that margarine must not 
eontain moiv than 10 }>.e of water. Alargarine 
laetories mu.vt Im‘ legist,-red, and he open lo 
Govc^rnnieiit iiis])e<‘tion. I'nilnbiUsi |>reseiva- 
tives must not bf“ used, nor is an exeess of boric 
arid allowed. According lo tin- same Act 
‘ margariiu' ’ means ‘ any artude of food, wbcdJier 
mixed with butter or nol, wlneli resembles butter, 
and IS not milk blended Iniller.’ For tln^ latest 
iMiactnients in oUht countries thi* leader is ns 
ferrod to Lewkowitscli, ('hemical T('ehnoIogy. 

la the fxnmimihon of margarine the (kder- 
minatioii of the Rj^ichert-Meissl value eonstituleil 
the most imjiortaiit eliaraeteristie, as it indicated 
in tlie bnelest ami .surest uiaiiner the amount of 
butter-fat eontameil in the margarine, i‘!flier 
aihled as buttin' or originating from the milk 
which had been irieorjioiiited with the oils and 
fats in ttie process ot luanufaetuie. Since, 
however, eon.siderable quantities of eoeonut 
oil and palm-kernel oil foiiii ingnnlients of 
margarines, and since even margarines are made 
at jircsoht which consist e.vilusively of the last- 
nami'd two fa\s, without even an addition of 
cow’s milk, the indications of the Rmchert-Meissl 
value no longer have that imiiOTlauee wlveh 
they fonnorly pos.sossed. 

The Polenske value, which is based on the 
determination of thi^ volatile in.soluble fatty 
acids which distil in tlu* determination of the 
Reichert-Meissl value, affords a more trust¬ 
worthy indication (Analyst, 1004, 20, 154; 
1911, 3C>, 333, ,330). The motliod of Shrewsbury 
and Knapp (Analyst, 1910, 3.f, 385) is ba.sed 
upon the fact that the predominating fatty 
aeid (launc aeid) of eoeonut oil is readily soluble 
in dilub* alcohol, and may be estimatod by 
titrating the solution with standard alkali 
solution. Kirschner’s extension of theRcichert- 
Meissl-Polenske method (Zeitsch. Nahr. Ge- 
nussni. 1905, 9, 05) is es-sentially an estimation 
of the amount of butyric acid present. It has 
been shown by Rcvis and Bolton (Analyst, 
1911, 30, 330) that by determining this value it 
is possible to ascertain rapidly whether butter- 
VoL. IV.—2’. 


fat is a constituent of a margarine. 1'he rela- 
tionsliip between the Kirschnor, ReicberL-Meissl 
and Polenske values has been worked out by 
Bolton, Richmond and Revis (Analyst, 1912,37, 
183), and more fully by ('ranfiold(Analyst, 1915, 
40, 339). According to Richmond (Analyst, 
1919, 44, 100), results ngi-eeing with the mean 
figure's arc obtained by the use of the equation 
P tr= i) 20(K 14), where P ami 3v represent the 

Polenske and Kirseliner value.s resjiectively. 
At one tiiiH' margarine was adulterated with 
paraffin wax. The separation and identification 
of unsaponifiable matB'r in the fat would detect 
! this fi’Hud. 

A test, to distinguish betw(K')» butter and 
margarine is lo evumine a thin layer of the fat 
under the microscope, using polarised light, 
wIkmi margarine showed a crystalline appearance 
(('. Williams). This test, however, fails in the 
case lit ‘ fenovuti'd ’ or ‘ prcieiiss ’ butters 
(W. Clavlon, .1. Soe. (Ihem. Ind. 1917, 30, 
1205). 

On luxating tlie clear lilten'd fat from butter 
or margarine to a tom])eratun‘ of about JH5® 
the natural butter c'olour and vegetable colours 
are destroyed, whereas coal-tar colours are not. 

h'ot anacooutd of tlie oeeurreneeof vitamins 
m butter and margunne and their signilie.anco 
li'om a nutritional point of view, .v/c (’layton's 
‘ Margainie.' .1. 'L. 

MARICOL. ff'rade name for magnesium 
ricinoleate. 

MARINE ACID. iV/yw. for hydrochloric 
aeid (ij.v.). 

MARINE ANIMAL OILS Oils. 

MARIPA FAT. The fat of thefruitof Jl/oj’i- 
viiUdtui [AUdlc(i\ Afaripa (Drude), used in the 
West Indies as butter. It is <'raployi*d in 
h’rench (J-uiana as a medicinal liniment, and 
IS jiraetically identii'al with eoco-nut fat in 
I'liaracters. 

MARJORAM, Ortynnum. Majoram (Linn.), a 
herb employed in llavouring. It is genoially ust'd 
in the air-dried stab', when it has the following 
comjiositiun :— 

J*ro- Ibhereal >i-treo Crmle 
Walvi I.P1I1 oil e.str;u't tlbre A«li Sand 

7*0 14-3 5-5 1-7 :t5 0 22'l 9-7 3*4 

(Nmmx'reial dric'd marjoram often contains 
much sand; a good saiiqilo sli^uld not contain 
more Oiau 14 p.e. of ash, of which not more than 
3'5 or 4*0 p.e. should be insoluble in hydrochloric 
aeid. ’The following analyses of the ash of 
marjoram were mad(' by Rnjip (Zeitsc^j;. angew. 
(diem. 1892, 581):— 


V'l S ^ S Cs 'ft C V '■/3 

Gentian 20 2 O'? 4 8 IT'O I'W 1 0 A) 4'0 2-1 O'l 20-.'» 

Krcnclt. IS'S O’" 0-7 24 8 O'l trace i) l 4'8 T.'i J»'4 

{V. ()JL.S, Kssentiai,). H. I. 

MARKASOL. JUsmulh borophenate (v. Bis- 
MOTH, Organic poaipoond.s of). 

MARKING-INK is »jt'd for stamping or 

marking fabrics, and should l>e permanent, and 
ind#structible to the material. The basis of 
many marking-inks is a silver salt dissolved in 
aqueous ammonia containing a little gum. This 
IS only coloured on decomposition, so a little 
dye is needful; dark-brown inks contain 
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archil and chlorophyll, crimRon contain car¬ 
mine, whilst c(ipj>er sulphate is an ingredient 
of blue ink. 

Redmond’s ink is made thus : dissolve 3 oz. 2 
drms. silvtg nitrate and 3 oz. sodium carbonate 
each in 2 ])ints boding water, mix, and collect 
the prc(!i])ilato so formed on a tiltor, wash with 
water, transfer to a mortar, add 101 drms. 
tartaric acid,*trilural.c the whole, and when 
effervcsoonce has cc^ased, add 31 oz. of anunonia 
10’880), stir until dissedved, and add oz. 
powdered white sugar. Mix J oz. chlorojihyll 
and 1 oz. archil witli 4 oz. water, add 2A oz. of 
acacia gum t-o this when ilissolvcd, strain, add to 
the ammoni.fbal solution and make up to 20 oz. 
with waO'.r. Tins ink, if candully prepared, 
contain.s only the tartrate of silver ; on iK'ating 
metallii; silver is loft on the fabric. 

An indelible ink is made by disijolving 1 oz. 
silver nitrate and IJ oz. of sodniin carbonate 
separately m 3 oz. ilistilled water; mix the 
solution, collect and wa-sii the precipitate 


j brownish colour. Many of them disinteCTate 
I in water; and they are readily attacked by 
I dilute hydrochloric acid with evolution of carbon 
; dioxide. Marla liavo been used for ages by 
' agriculturistH for the purjiosi! of improving 
i certain lands, t.ho material for ‘ marling ’ being 
! systematically dug from ‘ marl pits.’ Since a 
; marl is a calcareous clay, it may obviously pass 
j into an argillaceous limestone ; the chalk-marl 
IS a rook of this kind. When a marl becomes 
i indurated it is oiUui known as marUtonc or 
rruirl-rock, and the hard beds of the Middle Lias, 
which m Yoik.shire yield the Cleveland iron ore, 
are recognised by geologists as the ‘ marlstone.’ 
A laminated variety of hardened mar! is termed 
marl-slaic, wliich readily pa.sses into a calcareous 
shale. ’Jdie mari-slatc occurring in the Permian 
series in t.ho north of England is equivalent to_ 
the German Knpferschiefer, a bituminous marly 
#iale, containing copper ore. I’lie shelUmarl 
[ found at the bottom of certain lakes, especiaUy 
I in Scotland, i.s a calcareous ooze, consisting 


with distilled water. Add IdO grs. tartaric 
acid, diNHolvod in 1 oz. water, to llio pre¬ 
cipitate m a mortar, stir until efTervescenco 
ceases, and then add 2 oz. liquid ammonia to 
dissolve the precipitate. Mix in 80 grs. amliiKi 
black, dissolved in 1 oz. lioiling water, and add | 
5 drms. glycerol and water to make up to ' 
8 fl. oz. (ISpon’s Workslii)]) Iteccipts, 6ltt). I 

Aniline marking-ink is prepared tlius : m two | 
bottles (I) add 1 11. drm. aniline and 10 grs. t.olm- ; 
dine to 2 11. drms mucilage of acacia and dilute ' 
hydrochloric aeid, and mix; (2) powder , 

40 grs. cupric .suli»hah!, 20 grs. ainmomum | 
chloride, 20 grs. potassium chhuuto, and dissolve j 
in 0 tl. drms. w'atcr; lastly, add 2 11. drms. of | 
thick mucilage and mix. Leave for 2 or 3 daj's | 
before using. Equal parls of each solution are ' 
mixed immediately before u.smg and applied [ 
with a quill }>eii (Se.ient Aiiicr. Eney. 1003, 270). j 
Single solution anilino inks arc aJ.so made. i 

An ink suitable for rubber stamps, as it dries j 
rapidly, i.s made by adding ir> oz. glycerol to a i 
solution of I oz. aniline black and 15 oz. ])ure i 
alcohol. ! 


largely of organic remains. L. J. S. 

MARMATITE v. Zinc-blendk. 

MARRUBIIN V. Mahrtjbtum. 

MARRUBIUM, Hot choiDid^Hoarhound. (Moi- 
ruhehlanc, Fr.; Andortikravt, Her.) Horehound 
haB been eiiiployod for its mild tonic, stimulant, 
and laxative projiorties, especially in dome.stic 
medicine, for a long period. It con.sists of the 
li^avcs and l-o])s of the Mniriihlvni t'^ilgorc 
(Linn.), a jHTCiinial herb growing throughout 
most parts of Europe, Asia, and America (Boiiil. 
a. Trim. 210). The only constituent which ha.s 
been examined, except a trace of volatile o?7, 
iH the bitter neutral niarrubitn. 

Marrubiiii was examined by Gordin (J. Amcr. 
(Miem. Soc. 1008, 30, 205, where .'^ce earlier 
hteraturo), who BBsignod the formula 
m.p.l55"; b.p 207 -200715i?m.; [al]>+46-68“, 
forms large crystals from alcohol. It is the 
(aekmo of mri?rulnc acid OH‘(t0H2gO2‘(^O2R, 
m p. I73‘^-174®, which can bo reconverted into 
marrubiin in several ways. G. 11. 

MARSH GAS. Methane or methyl hydride 


To use silver marking-mk for stamping, ' 
add to 1 oz. ink, I drm. glyeiirol and 1 drm. i 
treacle. 

To make an indelible red ink, di.ssolvo 2 oz. 
shavings of dr^ white curd soap in I part , 
balsam of coiiaiba by heating, add sullicient 
vermilion and stir occasionally until cold. 

Iniiian-inkB are used for marking. 

An mk suitable for labels which cannot be 
bleucheiF is made by mi.xing equal ]»arts of 
pyrogallol and iron sulphate. The label is 
varni.slied when drv (Ifiseox, Receipts, 1907, 
407). 

The juice o^lho hamma and of the marking- 
nut have to some extent the properties of 
marking-ink, but no j'rai'tical method of ])re- 
paring them for sale has bi‘on developed. 

MARL (Gcr. Mcrgel), a name jiroperly re- 
atrioted to calcareous clays, but frequently ‘ 
extended eo aa to flieludo any clay which, 
when dry, ia readily friable. Thus the Keuper 
or New Red Marls, of Tnassic age, often ooiftain 
little or no calcium carbonate. An analysis 
of a re<i Keupor marl, from Worcester, by 
Voeloker, yielded 4*85 p.o. of lime. The typical 
marls are soft, earthy, and of a white, grey, or 


(i\ METimd- 

MARSH-MALLOW GUM Gums. 

MARSH-MALLOW ROOT contains 1-7 p.c. 
of an oil composed of palmitin aitd olein, 
butyric acid, a iihytosterul, appaToiitly identical 
with sitosterol, a hydroxy acid of high mule- 
cuiar weigiit, an oilourous substance of un- 
■ known comjiosition. a lecithin containing 
palmitic and olein acids and choline, i0*2 p.c. 
of sucrose and 0*78 p.c. of invert sugar, a 
, mucilage (('sHioGs)* consisting of glucosnn 
I (04p.e.)and xylan. and another sacnharooolloid 
giving d-galactose on hydrolysis (von Fried- 
: nchs. Arch. Pharift. 1919, 257, 288). 

MARSH RdSEMARY. Andromeda, PoUfolia 
(Lining ; also an American name for 8taUc4>. caro- 
Uniana (Walt.) [S. Limonium (Linn.)]. Andro- 
tneda Pohfolia, belonging to the EricaceeB^ ia the 
only British species of the genus; it is found also 
in peat-bogs throughout tlie north of Europe, 

I Asia, and America. It is on acrid narcotic and 
hi fatal to sheep pasturing off it. 

Staiice caroUniana is found in marshy 
situations from Maine to Florida. According to 
Parrish, it contains 12 p.o. of tannin and has 
been used in the manufacture of leather. 
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MARTENSITE. Tht* principal corustituent of been made to obtain light and heat expedi- 
all hardened stoela containing over 0*16 p.c. of , tiously by its aid; one of the uarJicst consiat. 
carbon. It is a solid solution of carbon in iron ; ing in rubbing a particle of phosphorus 
when saturated, as in high-carbon steels, it is Ixitween folds of oonrso brown paper, the hanio 
known as ‘’ (Howe). produced igniting a sulphur-tippedtsplinter of 

On a jiolishcd surface, etched with picnc wood. This plan was found lo be inconvomeni 
acid, it shows under the microscope threi' and dangerous, and jihosphorus gradually foil 
systems of cleavage planes inclined to each into disuse*. After the elcineiil had biMUi, in a 
other at (iO *. It is very hard and caniutt ho teelinologi<;al wni.sj*, left, w‘verely alone for more 
scratched by a needle than a century, roiu^wcd attempts were made to 

Martensite is magnetic and forms one utilise il. One eontrivanee was the somewhat 
of the princijial eonstituenis of permanent impracticable ' phosphoru' taper’’ (1781). This 
magnets was of wax, enclosed in a sealed ghi^s tube, at 

MARTIUSS YELLOW. A synonym for one end of which was a fragment of phos])horus. 
Naphthalene yellow; known also as Jainir Aft«*r (he tube had Ihsui dipped in*warm water, 
d'or, mjihfliol yellow, Mtnichi<iei yellow. ’I'he the end remote from the pfj(»sj»horuH was out 
sodium or lime salt of dinitro-a-naplithol (r. | olf with a lilc, the taper was withdrawn, with 
NAPin'HALENE). ! soiuc pliosjjJionis adhering to it, which spon- 

MASOPIN RESIN Resins. i taiieously ii^lamed. Another ap[)liance was the 

MASS ACTION v. (hriiMioAi. ^KEiNl’i'y. * phosphtiru-^ bottle' of (Agniard de Latour 
MASSECUITE e. Sdoau. (IKIO), conlaming partially oxidised phosphorus, 

MASSICOT e. Li 'JAD. ; some of which was withdrawn by a brimatono 

MASSICOTITE c. Lituauoitk. ■ match, flip]K^d into tiu! pliial, and then ignited 

MASTIC CEMENT r ('em ENTK i by friction. A ‘ briquet phoyplioriqn.e,'' brought 

MASTIC RESIN v. Hehin.s. ! out in I’aris in 178(), consisted of a small tin box 

MASTIC VARNISH c. Varnish. ' containing sulphur-tipped matches, t.ogother 

MATAZIETTE. A niinio given to an explo- i with a bottle coated internally with phosphorus, 

sivo made in Switzerland, formed of intro- ' ‘ Pocket laminanex,' soon afterwards sold in 


glycerin, sand, and chaik. eolouretl with ochre. ' 

MATCHES. ((^‘r. Zuudhohery Zu/idkolz- ' 
chen ; Fr. Allumette ; Sw. TawUlidca, pi. Tmi4- \ 
Mickor ; Du. Zwanehtokje, FosJouis-Uokje It. j 
Zolfancllo, Fiam/nifero ; Da. FvovLdik ; Hung. 
Gyufa.) 

Derimtion and variants of the ivord ‘ match .’— 
Older ?Jng. forms, m('({c}h(, metchy malchc. 
machc, macchc ; 0. Fr. mesrhe, metche ; Mod, 
Fr. rnhclic •, [*r. niccca, inerha; (Utah wei3-a; 
vSp. and Port, wee/w ; It. miccia ; perha])H from i 
Or. pv^a, L. myaH, mi.va, myxns, lamp-nozzle, ^ 
laiup-wick, mucus of the nose; connected mth i 
L. mucrus, nasal mucus, whence J(, moccolo, 
L, rnuccidus, snuff of a candle. 

Definitions. 1. {Ordinary lamjuatjc). —An in¬ 
stantaneous fire-producer, consisting of a short, 
stem, rod, or tube, tipped at one or both ends 
with a composition or pasti*, iirilammable by 
friction; or (as in tfie earlier forms) when 
brought, into contact with' a chemical re¬ 
agent. • 

2. {Military and mining).—A. cord or thread 
impregnated with combustible material, capable , 
of burning along its entire length, so that fire i 
can be oonveyod from one jioint to another. : 
This kind of matoli, which is better ternicd 
a fuse, is not igriitable by friction, and may 
be ‘ slow ’ or ‘ quick,’ according to reipure- 
ments. 

I. Friction Matohe-s. 

History and devclopnwnt. Friction pjatches 
are among the most useful products of the 
period immediately preceding the Victorian age, 
and afford a signal instance of the ministration 
of soienoe to human needs. Developed in less 
than three-quarters of a century from lire-pro- 
ducing appliances of the most iirimitive types, 
they have been so jierfected that it is difficult 
to foresee in what direction further progress 
is possible. 

Since the discovery of phosphorus in 1673 
by Brand, of Hambuj^, many attemptJ^ had 


].ioiidon, and ' iwrUitde fire boxes ’ were similar. 
Viiricm.*; early devi«;(*H for quickly producing fire 
wen* Homberg’s ' pyrophoriis ’ (an oxidisable 
powder, free from jihosphorus, prepared by 
roasting alum with Hour, honey, or sugar, and 
inflamed by exposure to iiir), and Ddliereiner’s 
])3Troph()ruH, of similar character; ‘pneumatic 
trnder-boxes,' <*oiitaiuing amadou or ordinary 
tinder, ignilcd by the L;at generated when air 
was compressed by a juston, such as Mollet's 
Pump, and Lorentz’s ‘light .w/nape ’ (1807); 
^ eleciropneunudic fre-jyrodvrers ’ (invented by 
IJrander, 1778, and by Fiirstenberger, 1780), in 
wluch hydn)gen was kindled by an eloofric 
spark - to which category belonged Mayor’s 
ajipuralus ■ (1811); Volta’s ‘ infammahle air 
lamp ’; Fyfe’H ‘ hydropwwnalic lamp ’; and, 
la.stly, Ddberoinor’K ‘platinum lamj)* (in which 
contact with spongy platinum, or iridium, ignited 
hydrogen gas)—with Eisenlohr’s, v. Babo’s, v. 
llomer’s, Palkl’s, Hare’s, iScliiele’s, and Bottger’s 
modifications of the same. 

The priiuupftl stages in the evolution of 
matches will now be referred to in chronological 
sequence. During the year 1804, phials charged 
with a mixture of phosphorus, wax, and oil were 
sold in cases containing also some brimstone- 
tipped matches and a piece of cork. The matches 
were dipped into the mixture, withdrawn, 
and ignited by friction on the cork. In 1805, 
Chancel, of Paris, applying tlie principle dis- 
covered by BerthoUet, of oxidition by chlo¬ 
rates in the presence of strong acid, invented 
‘ oxymuriale matchesf strijis of wood tipjwd vdth 
a mixture of potassium elilorato, sugar, and 
gum, ignited by contact with sulphuric acid. 
In the same year, according to Nikl4s, friction 
matches containing the elmnent phosphorus were 
made and us<‘d in Paris. In 1800 various im* 
profoinents in the tinder-box were suggested by 
Phillips, who was followed by LorenU (1807), 
with an apparatus for igniting hydrogen gas by 
the aid of an elecirophorus, and with the ‘ light 
syringe ’ already mentioned (same patent). In 
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1809, to Berepaa, of Paris, was granted a French 
patent * for a peculiar composition of phosphorus 
match lights.’ This was an attempt to render 
phosphorus more manageable and less inflam- 
mab&, byf intimately mixing 8 parts, ‘ half 
melted,’ with 4 parts of magnoHia. When cold, 
the substanci^ was described as forming ‘ an 
opaque body tit for iiiHainmg a common match ’ 
(Description des Bn^vets). During the year 1812, 

‘ chemical 'imiche^^,' manufactured according U> 
Chancel's invention, began to be sold exteiisividy, 
a hundred for a llorin, in Vienna. Tlie sti'tks were 
tipped witli potasHiimi ehlunitc, sugar, ami gum. 
or with the same ingreilH'Uts and Jy<'<>po<liuiii ; 
<‘o/ojihf)n3^ h(‘nz()in. I'lc., wav also used. 

These inatvhvs. packed in Ninf-abJc cnscN, together 
with bottles oo/daiiung a.sbi‘Sto,s soaked in 
sulphuric acid (in accordance willi a propo.sul 
mode in 1812 by v. Uoiner, of Vy-nna), were i 
sold more widely on the Oontineiit than any 
others, up to the year 1844. Among the 
makers were v. lUmier, Ihdors, Wagner, Hiegel, | 
Klirlich, and Merckcl. Tin* eases wore known ■ 
as ' lunkjcntrzcugi u,' pho,sp/io)i(iti(s,^ 

^ injhiimnahlv mcdch-hoxcs,^ ' ■ni-'ila^daiicovs lujld 
boxes,' ' phosphorus boxes,' &c. ; and one* foim 
was prominently sold in tins rountiy as 
Itciirtner’s ‘ Kupyrion' Violence of coinbiis- 
tion, and liability of the acid to la* Hj)iit(‘d 
about, were idiaraoterisiics of these matches, 
in IHK), friction inalehes tij)jn*(l willi a com¬ 
position eojilainmg ])lu)S])horiis aie slated to ■ 
have boon nianufa(;tured in Taris by h’ran(,*ois 
D6ro.sno, who by (tiiiII and otlicrs is ri'ganli'd as 
the first makei of (lie ihosjihorus friciion- 
matcli. ’Pbe year IH2.‘l is marked by the 
invention of the Dbb«‘r(*iiK'i Jam]), already re¬ 
ferred to. About this time, too, were used, at 
Erfurt, in I’russia, small glass tidies containing 
equal quanlilies of })lios}>honis and sulpliui 
carefully firsed together, into which thin sticks 
or splints of wood were introduced, easily in- 
llamed afterwards by fiiclion. 'j’he early 
attempts to make friction iiiatilies in Baris and 
elsewhere apjiear to have failed coni])letely ; and 
the honour of having invented, in 1S27 or 
earlier, the first practical and u.scful matches 
ignitable l)y friction, iiidisjnitabJy rests with an 
Englisliniaii, John Walker, of .Stockton-on-Tee.s, 
Durliani {d. 185!)). W’alker was an apotliecary, 
who had btseii •'■pprentieed to a local surgeon | 
before starting in business as a druggist. He 
was much interested lu expcTimi'iitai chemistry, 
and for some years ]>rior to 1827 had been 
preparing and selling, under the name of 
* }>ercus.s)on powder,’ dried mixtures of jiotassium 
chlorate and antimony suliilude, made up with 
gum-water. Eventually it occurred to him to 
dip splinters of wood into such a eoniposition, 
and t^) yuppl5 thes<‘ matehos in tin boxes, 
together with a i»iecc of folded glass-jiajier, 
under the name of ‘ frietion-lights.’ Samuel 
Jones, of 201, Strand, London, who from 1820 - 
1830 onwards sold imitations of Walker’s 
matches under tlie designation of ‘ heifers ’ (a 
name always repudiat'eii hy Walker), jiublicly 
announced in 1831 that about a year previously 
thi'y had Ix'on ‘leetured on at the Loifdon 
and Hoyal Institutions.' Matches resembling 
Walkei’.s, but mostly aulj)hur-di]i]MMl, were 
made also by .Jones's eomjietitor, (L F. Watts, 
in 1831 (‘ Walls's chlorate or heifer matches'). 


and by Richard Bell & Company in 1832 
{‘ improved lueifera ’). Watts and Bell both 
* borrowed ’ the name ‘ lucifer ’ from Jones. 
‘ Allumetics infemale^ ’ were brimstone-dipped 
matches of the same type; and German 
matches of a similar kind, but not sulphured, 
were also manufactured. H. Link's ‘ allumetlcs 
\ chemiyius,' produced in Germany for the 
Froneb market, and L. Acoleitncr’s (Salzburg) 
'snellzilnder,' were of like character. Among 
Frencli makers of matches of an allied ty])e 
wore J. Josepli ct ('ie (18.33), and A. tVrpigna 
(1834). 

'riiough iK>n-j»liospliorii*, Walker’s matches 
iiitlamcd when press(*d botwe -n tbi* folds of the 
glass jiaper and sluuply witliilrawn. J’hus 
jgnilabk* by friction, thi'y were* tlie lineal anc(*.s- 
tors of twentietli-ceiitury niatclics. 

Walker at first used strips ui cardboard for 
flic .stems of Ins iiiatelies, but later he .Miib.stituted 
splinters of wood, winch be eiiqiloA'cd tlu* poor 
peojile of the district to cut. 

In the year 1828, iSaniucI Join's jiatoiiti'd the 
‘ promelhratts,' a return to t in* jirineiiiie of tin* 
oxymuriate match. 'I’liese con.sislcfl of sljglitly 
ta])ering, spiially-rollctl ])a}KT tiilHs. contanniig 
in tin* binadt'i' or ignition end a innnite Insilorni 
glass tubo {n<»t. a bulb, as usnally stutod), 
in'.7 mm. long by I n nim. wulo vlncli 
onclosi'd a. daik-bluo iKpud, shown by tho 
Avritm's aiial\sis to la* conijioM'd of sul|)iiuric 
a(a<l colouual by indigo. Tin* glass vc.s.scl was 
imbodded in a composition, vurioii.sly staled to 
contain jxitassium clilntalo and .sugar, ‘fulmi- 
nat<*,' &v , but found by the writer to be com¬ 
posed of }K)tas.sium clilorali*, lyeo]nHhuin, and 
sulphur. Neither sug<ir nor fulminate was 
jireseiit in the proiuetheans examined. 

'Lucijff matches' or ' liicifers,' i.e. imii- 
plio.sjihone matches, of Walkei.'s tyiie, which in- 
ilanied when rapidly drawn thruugli folded sand- 
oi glass-])a{)er. weu* followed m the early thirties 
by i'foii-])liosj))ioric friction inatehes, winch could 
b(' Ignited, though with dilfieulty, by being 
striicl' v'lHoi rubbers affixed to the boues. Hiich 
M'i'rc the friction iiiati-bes made hy Savaresse 
and Merckel (Fans), the igniting comjxisition of 
wliicli was a mixture of jjotassiiim chlorate, 
antimony suljihide, sui])hur, and guip. 'J'he 
rubbing surface wit?; comjjosed of potassium 
chlorate, minium, jiuimee, and gum. Similar 
non-phosplionc fm-tion matches were patented 
111*1832 by Siegel, an Austrian inanufactiirer; 
and Link’s ‘ C’hemi.selie Streichfeuerzeugo ’ 
were of a like description. Matches, capable of 
being struck ii])on tlie box, soon became known 
as ‘ Conyreves,' botli in this country and 
; abroad; ami tlu* name was applied to the 
phosjihorie friction matches which next came 
on to the market. ‘ (.’ongreves ’ succeeded 
to ‘ Incifers ’ ; ‘ lucifers ’ followed ‘ friction- 

lights ’ ; ‘ friction lights ‘ superseded ‘ chemical 
matches.’ 

It may be mentioned here that Samuel Jones 
seems to have boi'ii the first user of the word 
Jiizee, or fu.see, a.s applied to a match for 
lighting pipes or cigars. But Newton, a few 
moiitlis earlier, applied llic term to a match for 
u.se by ‘ smelters.’ 

Hare’s pyropliorus, described in 1831, was 
j made by heating PrusHian blue to rednesft in a 
glass tube, which immediately afterwards was 
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hermotioally sealed. On Vreaking the tube and 
throwing out the contents they took fire. 

Efforts meanwtdle were being made to pro¬ 
duce a practicable and satisfactory friction 
match, in which phosphorus should take the place 
of antimony sulphide; and this important 
result apiwars to have been achieved simul¬ 
taneously in several different places during the 
period 1831-1833. At all events, in 1833-1834, 
V. Homer, Prcsehel, and Siege), in Vienna, 
and Moidonhauer, at Darmstadt, were manu¬ 
facturing wooden frictuui niatolics, the igniting 
oonipositlons of whicli contained pliosphorus. 
TI 10 daU^ of V. Ronicr’s ])atcnt was January 4, ■ 
1834. Otiicf pioneer makers, associates or j 
otliorwjse of the above, wore J’olijik ami Kreut/. | 
(V'^iomia); Anthon (Dannsladl,); and Amiiller I 
(Waibluigen). Many of these early eontinenlu! [ 
makers called tlioir malehes “ congreves.’ In 
Eraneo, tlie invention id tlie plios[»liorus fnctu^i I 
match IS now generaliy attributed to Dr. Charles : 
iSauria, of St. Ja)tliau (<f. 181).")). wlio, in January, | 
1831, wiiile a student at the College d’Are, Dole 1 
(Jura), made very good tm lion maleii(“s contain- I 
ing phospiioi’us, hut negh'elcd to proleel. Ins | 
invention. SaiU'in’s cl.iinis have* been \\cll j 
attested ; ;u^d it is possil>le that a iiimour ot 
his evpeiiments somelmw was conveyed to ol.lu'r i 
eountiies during tlie iew iiionlli,', following the 
discovery. h'rench (Joviunracnt in 1SS4 

recognised ’ L’liivenlion des Allumett''s Chiini- 
(}Ues ’ by a grant to Sum iu of a * da /abac 

the Academic Rationale Agneole liestowi'd upon 
him a medal, and during the year ISlMi there 
was a movement to set up a monument to him 
m i'aiis. The dcMgii was not earned into 
execution, Jiow'evcr. J. Kainmerer [d. I8.')7), 
of Ludwigshurg, Wurtomhurg, is in Cermany 
usuiilly credited w’lth liaMiig iiivimted phos- 
jihorus friction matches lu 1S3.3 . and \h‘. is said 
to have w'orked otit the idea during the jui^vious 
year ; but the iiivontion was not protected, and 
was piiatod in every direction. Claims Jiave 
been advama'd also for a y<)ung lluiiganaii 
student at the Vheiuui Polytechnic iSchooI, named 
Jiiiios Ir.uyi (who m IHDb was still living in south 
JIungarv). Hi' is alleged to have made, the dis. 
covery in 1835, and to have sold Ins pioeess to 
V. Homer. Possibly Irinyi's invention marked 
an advance ujion t he tyjie gf ]>ho,sphorio friction 
match w’hich -had already hegiin to lx* manu¬ 
factured. Lastly, a professor at the Toehnical 
High Scliool in Sloekliolm, Dr. J. 8. Bagge, 
between 1830-184t), worked out a UK'tTiod 
for procuring light by means of pliosphorus 
friction matches, and drafted directions for 
their manufacture. 

The oxidising agent usi-d in the earliest 
matches was potassium chlorate only, but in 
1835 Trevany jiarlly ro])lae»d it, as being loo 
violent 111 its action, by a mi:»ture of minium 
and manganese dio.\id<', • 

In the Uniteil 8tat(*s of America the first 
patent for the invention of phosphorus friction 
matches was granted in I83b to A. I). Phillips, 
whoso igniting composition was a mixturt' of 
phosphorus, sulphur, ehalk, and glue. In 1837. 
V. Homer substituted lead i>eroxide for potassium 
chlorate; in 1838, PreseJicl and Kreut/. 
patented a comx>osition consisting of phosphorus, 
manganese dioxide, nitre, ‘ and gum arabic ; 
Beyer (Vienna, 1838) and Hiess (Vienna, 1843) 


used as the oxidising agent a mixture of miniu^ 
and nitric acid; and in 1842-3, Bdttjger, of 
Frankfort, recommended the substitution, 
for potai^ium chlorate, of mixtures of 
minium and saltpetre, or of lead peroxide and 
lead nitrate. Moldenhauer, about the year 
1838, introduced the use of calcined magnesia 
in order to counteract fhc effects of the forma¬ 
tion of hygroscopic oxidation-products of the 
phosphorus; and chalk also (introduced in 
1835 by Ehrlich, of Prague) was used for the 
})ur])(>8e. Preseliel and Klug (1837) endeavoured 
to aecomiilish the same end by coating the 
match-heads with resinous spirit-varnishes. 
Between 1820 urul 1840 vuriouH^machines for 
eiittiug the wooden stems or ‘ sjnints ’ rapidly 
and in large quantities, wen* introduced; and the 
match industry has since developed in country 
afler eouiitrv uiifil it is now of very great 
magnitude ami world-wide iniiiortanee. Although 
in till' conditions and processes of manufacture, 
as w’ell as 111 the characler of the maferials 
usr'd (I'spccially clunng the jiast 25 years), 
there have hei'ii improveinents and modifica¬ 
tions, so fur-reacliing and gigantic that the 
industry may l)c said to have hei'ii revolutionised, 
nevertheless tlie ordiuary friction match of to¬ 
day IS not different from Die ‘ lucifers ’ 

and ' I'ongieves' inailc during the first third of 
! the Iffth I'cntiiry. But tlu' use of machinery has 
' biM'ii greatly exli'iidi'd. Continuous and aiito- 
matic lUiiclinu's arc at tiu' ]M'esent time widely 
and increasingly employed ; and, following u}hui 
a gradual diminution in the proportion added, 
i in only a vi-ry few countries now is white or yellow’ 
' phosphorus used at all in the manufacture (see 
I -post, p]). 230 and 235). lu 18.55 T. R. Wagner 
recommended that less phosphorus should be 
; used, and expi'nmented with barium nitrate 
and potassium du'hroinate, as oxidising agents. 
'I'he latter salt he considered too costly, 
and he remarked tliat lead dioxidi*, though 
more expensive and no iK-tti'r, had tlii'ii largely 
replaced the mixture of minium and mangaiicsi-. 
dioxide. Jn view of (he suhsi'qnent introduction 
and |)rescnt widespread use of telra]>hosphorus 
triHuljihide, or phosphorus ‘ si-squisulpliide,’ 
P^iSj, it 18 intorcsl.iiig to record that in 1850, 
Puscher, of Nureinherg, introduced the use of 
phosphorus su){)liide instead of phosphorus, but 
found few followers. Bals (D. H. P. 89700, 
1895) also tried a fused inixtuA of sulphur and 
, red phosphorus. For making matches untcr- 
proof, Zimmermann (1854) used collodion, as 
an improvement on thi' resinous varnishes of 
; Presche), Klug, Wintcrfeld (1842), and'Krutzlcr. 

Barker (1845), and, after liim, (railJard, 

^ applied a coating of sul[)hur over the friction 
eonqiosition, sueli matelicH heing found hy Abi'l 
(IH53) to he w'atoiproof, hut somew'hat difficult 
to Ignite. Hannan and Mills (18^2), for the same 
purpose, mixed puiatlin, fatty bodies, or resins, 

: w'ltli the cDmjjositions. 'I'ho inventions • of 
: Thomas (1895), Fowler and Bower (1895), and 
! Kamsden and Hirst (19(19), had a similar end in 
‘ view. Stmtimj ingndicvt^, such as gum benzoin, 
frankincense, &.c., wi-re often added^^ to the 
' varjiishes; and m 185't Krakowiizer, of 
Pottenstein, Austria, introduced a process by 
which a metallic lustre was imparted to the 
' heads of matches ‘ dc luxef or ‘ parlour ’ matches 
(containing load compounds), by exposing them 
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to auiphuretted hydrogen gas. This process was 
tnodiaed by J. G-inzky in 1860, and again by 
Schindler, in 1867. A later improvement (A. 
Kielmeyer, 1879) was to varnish over the silvered 
heads with an alcoholic solution of colophony, 
shellac, &c.', to which an aniline or other dye 
was added. Thus, to obtain a greenish bronze, 
Kielmeyer used fuchsino or methyl violet; other 
colours employed weix) inothyl green, aniline 
orange and the like. 

Great as was the iin^'roveiiient cftcotcd by 
the substitution of ])hospboruH for the less easily 
oxidlsable antimony sul])hklo, there were serious 
disadvantages attending its use. The jioifionoua 
nature of ])h^s])horuK, the .somewhat too ready 
inflammability of the igniting eom}K>Mtions 
made with it, and espociiiliy tlie * jiiiosjihoru.s 
ilisease ’ (a carious affection of the lower jaw¬ 
bone, leading to necrosis, from wliicli a sinall 
jiroportion of the workers -ssspucially the 
dippers—wore liable to suffer), wvre rnueli 
the mbst important of these 1’lie i>liosphoruH 
disease, first described in IHJo by Lorinser, 
of Vienna, has intenuittently lallcd lor the 
anxious attention of mairnfactuiiTs and 
staU'smen in most countries wlicre w'lnlc 
jihosphorus has continued to be used in inatcli- 
juaking, from J H70 to the present time. Shortly 
after it fiad btsui found that satisfactory inetion 
matches could be produci'd witJiout tlio use of 
yellow phosphorus, legislation v\<is intrcutueed 
in all the principal eounttic's nf Kurojx- and 
America whereby tlie use of yellow phosjihonis 
in this industry was probibited, with the result 
that pho.sphoruH lU'orosis may be said to be a 
thing of the past .so far as tlie iminufaoture of 
matches ts concerned. Good ventilation, im¬ 
pregnation of the air of tlie factories with | 
the vapour of oil of turpentine, and seriipulous i 
personal cleanliness on the part of the ojieratives, ] 
combined with particular attention to the ' 
condition of their tetdh, were found greatly | 
to diminiah the number of cases of necrosis. It 
wasshownby Thorpe and'ruttonthat thedi.sease 
was caused by the direct action of the va]>our 
of phosphorus oxide 1^0^ on the bone, and 
that the characteristic smell, noticeable in the 
dipping-room of a match-factory wliere white 
phosphorus was used was due, not to tho vapour 
• of the element phosphorus, but to the fumes of 
phosphorus oxide. Only fho.se workers with 
carious teeth art’ liable to .suffer from neero.sis 
of the jaw. Hocognising the bad state of 
the teeth of many of their workers, Mcs.srs. 
Bryant and May, in Ixmdon, and tho Diamond 
Match Oempany, Liverpool, years before white 
pho8phoru.s had ceased to be used, were the 
first match manutaotiuers to take the important 
preventive step of establislnng dental depart¬ 
ments, where ajl the w’orkens could be treated 
free of charge. This great benefit to the 
workers is still available at the factories, although 
(bo use of white phosjihorus in Great Britain has 
for a long period been disoouUnued. In (lie 
annual re])ort of the (lerinan inspectors of 
factories for 1H79 it wa^,stated that, in that year, 
among 5721 workmen coming in contact with 
jihoBphorim vapours, only nine eases of neei-qsis 
were observed, six of illness, and three of death 
(Jottel, Chom. Zeit. 18S3, 7, 89). In 1884, how¬ 
ever, stringent regulations were put into force in 
Germany with regard to tho arrangements in 


matoh-faotorios, especial stress being laid upon 
the effioient ventilation of tho separate rooms 
in which the operations of mixing the igniting 
compositions, Apping, drying, and removal of 
: the splints from the dipping frames, were to be 
conducted. Finally, in 1906, Germany adopted 
I absolute prohibition of the u.se of white phos- 
; pliorus {see post, p, 235) 

In Jlenmark and Switzerland, the use of 
; matches containing ordinary phosphorus was 
forbidden in 187.5 and 1879 respectively; and 
only tlie so-called Mwedish safely matches have 
beiui permitted to bo used in Heimiurk since 
1875. 

ik'tween J879 and 1882 the use of matches 
j free, from ]»ho8])hnrus and inllammable on any 
! surface was allowed in Swit.zcriand ; but a com- 
i inittee ajijKimted by tlie Dejirrlineni of Com- 
j morce found tbut tliesc matclics wen; unreliable 
I a/ul ofkm daiigeiniiH : in 1882 (he .Swiss Govern- 
1 ment passed an Act, ju-olnbiting the use of any 
^ but safety matciies : mid in 1906 Switzerland 
I was one of l)jc high contracting jiarties to the 
i mU'riiatioiial treaty for enloromnont of the total 
! proliibilion of poisonous pli*ts|>horuH. 
j For inetlioils of detecting wfnte jihospliorus 
I in nmtcli conijio.sitjons, .w 'riiorjie, Gheui. Soc. 
'J'rans. 1909, 9,5. 44<t; Schroder, Arbeit. Kaiser. 
Gesand. J9J:{. 44, 1 ; Analyst, 1913, 289. 

hlrtortH were eaily nuule to use red phos- 
! pliorus, discovereil by \. Schrbttor in 1845 ; and 
' (1. E. Fascli, in 1844, took out a jiatent for a rc'd 
; }>!u)sphoniH-product, whicli lie lieiieved to be an 
; oxide of the element; and ho is by some autlio- 
rities regarded as the jnoneer in the utilisation of 
red idiosjihorus. It is cluimed lor biiii that ho 
(b.scovercd tliat a striking surface containing 
tins siibstanee could be used for luatches free 
from iihosjilionis. Matches tijificd witli compo¬ 
sitions jircjiarcd witli reil nhosphoru.s wore 
manufactured in Goimnny in 1850, in Eng¬ 
land (by Dixon <lt t/O., and Bell &. Bliwik), 
Austria (Fiirtl). ol Scljuttenlmfi'n, and Foster & 
Wawru, Vienna), and France (Goignet &. Co., 
Buns), in 18.51 ; but they were not successful; 
and, although improved matcho.s of this descrip¬ 
tion were pafimtod by Albright, of Birmingham, 
in 1856, and were again to lie seen at Paris in 
1867, and Vienna in 1873, they did not come 
into general use. T^'e higher cost of r^d phos- 
pJionis had much to do with this j but,in addition, 
tho mixtimes hsikI were unstable and dangerous. 
Some ol ih(‘ earlier igniting compositions made 
witli red phosphorus undoubtedly contained 
i excessive jiroportions of the element. Of late 
: years, matches of very fair quality have, been 
' produced, with far lower percentages; and 
] there are upon tlie market at tho present time 
various red pliosjihorus matches, some of 
I which have been amiiysed by tho writer. Many 
inventors of latt^ years have proposed methods 
of dun.nishing the violence of the reaction 
between this variety of phosphorus and potas¬ 
sium chlorate, of lowering the ignition tempera- 
lure of mixtures containing rod phosphorus, or of 
rend(*ring matches made with it less absorbent 
jf moisture ; such as previously mixing it with 
’fine (.Simonet, 1893) or with sulphur (Bals and 
Gurowitz, 1890}; substituting oaJeium plumbate 
or the potassium, chlorate in red phosphoriw 
I compositions (Schwfening, 1896); adding chalk, 
&o. (Cordes, 1898); coating the rerl phosphorus 
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with parafTiji wax or some other suitable hydro¬ 
carbon (Akester, 1899, and Thompson, 1899); 
associating it with a borate or a phosphate 
(S&fstrom, 1901); boiling in aqueous solutions of 
various metallic salts (Purgotti, 1902); admix 
turo with cork and flour (Bokmayer and Swo- 
boda, 1905); or with aino oxide and chalk 
(Chem. Fab. Griesheim EIcktron, 1909). 
Schwiening'a comjionition was adopted by 
the German Government, in consequence of the 
weighty objections to the use of ordinary 
phosphorus. The calcium plumbatc apparently 
retards the explosion of the rod phosjihorus and 
chlorate mixture, thus moderating the violence 
of the combuNt’on; but the matches have been 
subjected to somewhat severe and general 
criticism, on various grounds. 

The SSocictc (JaiisscTiiillo .leuno & Cie and 
Koche & Cie in 1909 proposed the treatment of 
red phospliorus l>y dislillaiion and fUtration, f^r 
tlio purjiost' of purifying it from aeulity and ! 
alkalinity. The product they termed ‘ neutral i 
amorphous jdiosphorus.’ j 

In 1855 LundHtrom, of .lonkiijung, Sweden, [ 
acting on Hotlger’s suggeslnm, that friction ! 
matches iiiight be so ma<l(‘ ns t<i be capable of j 
Igniting only on ;ui especially jirejiaied surface, | 
maiiufiwdured the first true ‘ vialchc.s,' i)y j 

jnilting the oxidising mixture on the match, j 
sticks and red pliowphoru.s on the box. Such I 
matches ignited only when rubbed on tJic 
H})eeially jirepared surl'ace, or ‘nibbei,’ on the 
side of the box. Ijundstrom’s jiroeess was 
jiatcntcd in England in 1855 by F. May, of 
Bryant and May, and since t hat date ‘ patent 
salcty maU^hes’ have been largely and in¬ 
creasingly maiuifaoiured m Great Britain. 
Matches on the sann^ principle were made, 
soon after Lundstrom’s mvention, by (.'oignet 
k Co., by Furtli, of Siliuttenhofen, and 
other continentaf manufacturers. In the ‘ allu- 
mettes androgynes ’ of Bombes Devilliers and 
Dalemagne (11^9), the rod pliosphorus composi¬ 
tion was at one end of the spl int and the potas¬ 
sium olilorafe at the other. The splints were 
broken, and the einls rubbed together. Field 
(1882) ado])ted a similar plan. Tlie Swedish 
safety matches, so largely imporW into this 
country, are cm Lundstrbm’s principle. I’liere 
have been comparatively few attempts to 
improve upon the safety match. Herz (1894) 
and Thimaun (1894) worked in this (Urcction. 
Viebig (1895) projaised to coat the heads of 
safety matches with a layer of the rubbing 
composition, or with a ‘ stnke-anywhcre ’ paste ; ; 
and Craveri (1897), also Engl (1903), described 
safety compositions and rubbing surfoccB 
therefor. It is common knowledge that some 
safety matches can bo ignited, without the aid 
of an especial rubber, by frietion—with a swift, 
sweeping movement—against •a smooth, even 
surface, such as glass, polished oak on ebony, ! 
slate, &>u. 

A further step was taken in 1857 by (Janouil, : 
and by Hoehstfirtter, of Darmstadt, in the pro- i 
duction of ‘ non-poisonwis safely imtcheef neitlier I 
the igniting nor the friction comjiositions of ^ 
which contained any variety of phosplionis. Tn | 
Hochstatter’s matches the oxygen compounds 
used were potassium chlorate, potassium dichro¬ 
mate, lead dioxide, &o., and the phosphorus was 
replaced by a mixture of antimony oxysulphide 


and flowers of sulphur. The oxidisablo ingre¬ 
dients of Canouil's compositions, where stated, 
consisted of sulphur, iron pyrites, and various 
cyanogen compounds of lead. It is profile 
that some of the earlier so-called non-phosjihorio 
matches were not altogether frt^e ^rom phos-^ 
phorus. Vaudaux and Faignon improved ujiou 
Canouil’s formula; ami other compositions for 
non-phoaphoric matches were those of Lutz 
(1858) and Kummer and Gunther (Konigswalde, 
Saxony, 1801). Sehnell (London, 1801), Palmer 
(London, 1808), and others used lead thio¬ 
sulphate, recommended by Wiederhold in 1801. 
Mayer (1805), C. Liebig, and I^almer (1809), 
also produced friction matches, containing, re¬ 
spectively, antimony sulplnde antf lead cyanide 
I (Mayer), antimony sulpliido and nitromanuite 
j (Liehjg), and iron thiosuiplial/e (Palmer), in 
! place of lead thiosuljihatc. Jottel, m 1809, 

' sugg<*«tcd the use of basic lead picrato. (Wioder- 
hold had already tried jiotassium picrate.) Later, 
in 1871b L. WagntT, of Miihlheim, paUmted a 
inabih containing lead thiosulphate, antimony 
sulphide, sulfihur, and finely powdered char¬ 
coal. Again, lu 1881 and 1884, Scliwarz, of 
(jratz, patmited comjiosilions <5ontaining lead 
Ihiocyanate, and lead .sulphid<‘ m place—partly 
or entirely—of autiiiuiny suljiliide. Among other 
substances proposi'd as ingrcdienlH ot non- 
pliospliorio safety match compositions are the 
tlnosulphates of cojiper ati<l sodium (H. Poltzcr); 
copjM'V thioeyanaf e, lead elilorati*, finely divided 
metallic sodium (Fleck, JSfiSi; and barium 
chromate (Garber, 1888). 

Most of the compositions for non-plios- 
])horic matdies have lieen flescnlx'd by their 
inventors as ‘ ignitable by irielioii oh ordimry 
surfaoi'.s ’: m some instances, however, a special 
rubber was necessary. Many of the earlier non- 
piiosjihonc frielion matches inflaim'd on ordi¬ 
nary surfaces with great, diflieulty; otliers 
Ignited with almost explosive violence, and 
most were v(‘ry hygroHcojiie. The vapours of 
lead, <-yanogen, and thiocyanogcn corapoundH, 

I evolved during the manufacture and ignition 
i of such niat(;hes, were probably in somo cases 
injunou.s. 

j The more nulable eoifipositi<ms for non- 
I pliosphone ‘ stnke-anywhe.rc ’ matchcH, as now 
1 made, will next be deseribed. 
j Among the various substituU's for white 
j phosphorus, us<*d of late yeajis m striko-auy- 
whore matches, jihosphorus sesquisulphide un¬ 
doubtedly holds the first plac«^ Discoverod by 
G. Lemoino in 1854, this compound was intro¬ 
duced in 1808 for match manufacturing jmrposos 
by H. and E. I). Calien, of Paris. Having 

rogard to pro.soiit conditions, it is, in the opinion 
of practical match-makers w'hom the writer has 
questioned on tli(‘ subjeel, unquestionably the 
best substitute for ordinary pliosphorus so far 
discovered. It is non-poisonous, yields no 
injurious vapours during the operations in the 
factory, is reasonable in juice, and the matches 
made witli it are as sensitiv'* as can be desired. 
Phosjiliorus seKijuisulphuli* is a yellow powder, 
soluble in earixui disuljjl'ide, and inflames in 
air at 98''-9t»^ This comjiound was at first 
aimpted in 1898 by tiio French Government; 
it is used for all strike-anywhere matches mann- 
factiired in this country, and is now entirely 
used in the United Btates of America. 
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On the continent also phosphorus sosqui- 
Bulphide ia preferred and ustid to the exclusion 
of all other substitutes. Scarlet phosphorus or 
bright red jdioaphorus patented in the year 
1902 by W. Muir, and (’. H. K. Bell—was a 
compclitordfO a small extent to sesquisulphide of 
phosphorus, but has now entirely disappeared 
and given way to tlie more efficacious body, viz. 
sesquiHulplude of pliospliorus. 

Scarlet phosphorus was iii’st ]>r<‘pare(l by 
Sc.Jicnk hy boiling a solution of ordinary ])hoH- 
phoniH in [ihosphorus tnbroinido, aiul is clioim- 
cally moi'eaidivc than dark nal aniorjilious [ilios- 
phorus, and inflames at circa nu"", and like 
phosjdiorus HesquiKuI]»li]de is non-jioisonoiis. 

Several vaiieties of liglit red amorphous jihos- 
plioi'us are'm use abroad; and different com¬ 
pounds or derivatives of jiliosphorus have been 
patented or sugge.stcd—such as metallic liypo- 
)»liosphit<‘s (Boliy, (lallay iV (!n., ItiffS); liypo- 
})hosphites in cimjunction with cliromiurn (rioxide 
Clayton, IK!)9); hydrides of jihospliorus (Whoel- 
wi'iglit, IDOft aiul 1909; ('astiglioiii, 1907); 
combinations of phosjihonis with proportions 
of siiljiliiir differing fiom (hat jnvseiit in 
w'squisulphide (VVhe«‘lwijglit. 1902; (Uiem. 
Fab. (rncsbcuii-Eleklron, 1902; llucli, 1903; 
(rartennu'islcf, 1908); and tlie supjiosed suli- 
oxide ((3iem [<’al). (rreislieim Klektron, 

190.3). 'I'ho last-named (M)nij)aiiy has intro¬ 
duced (l>. It. I*. ir>3l88, 1902), under tlie 
designation ‘ sulfophos|)liit,’ a product consisting 
of phosphorus, su!]diur, and zinc, vi'ry inliniatidy 
associated togetlier, th(^ basis of invention 
being the ]>roductJon of metallic liypothiophos- 
phitos and tliiopliosphites liy the union of red 
phosfdiorus, sulphur, and metallic suljdiides, m 
theoretical projiorl ions 

Besides tlu* foregoing, inventors have ])ro- 
posed the use of lead tliiosul])h.i0‘, associated 
with calcium .sulphide (Braly, 1897), and with 
potassium diehromaU' (Gurowilz and Bats, 1898 ; 
Trauhsel, 1899); cop]>or tluosuIjihuU’ ((bins, 
1898); tin thifiHuIphate (JoiU's and Bates, ] 898); 
antimony tliiosuliihate {Tnullet, J899); loppcr 
thioHulphate and “ tluocyanil^' ’ (Uoscnthal, 
1800) ; cuprous t.lnocyana(.c. (Fmgotti, 1899); 
and the like. Cravmi (1897) suggested flic 
employment of jicrsiilphocyaiiH; acid ; and a 
IrUu* dip{)itig-(sun])ositioii jireparcd by (Ians 
(1903) containi'd ‘ suifomiprobaniniipidythio- 
nate.’ •• 

V'^arious materials for the steins liave been 
suggested at different times, sucli as eartlien- 
ware, pipeclay, bass, cotton or linen stiffened 
with chal^ and gum (Boll, IH.'iO); lione (Letch- 
ford, 1807); cardboard and .stiffened calico 
((Mbb and Rackhani, 1874); asbestos (Ilynam, 
1874); jute and glm- in a double wir(‘ spiral 
(Byrt, 1882); wood pul]) and paraffin (Moly- 
iiciix. 1880); (ornpi'cssed ])eat, turf, or mo.s.s 
(Rosenkiitter, 1891 ; IStiemerand Ziegler, 1892); 
paper (Farrel, 1890; Bowman, 1893); straw 
(Castiicr and Swoboda, J8!>7): straw, rushes, 
grasses of various kinds, and tbo like, diiipcil 
m solutions of inflammable substances (Carre, 
1908); stems of dried leaves of nlfa or e.sparto 
(Schaefer, 190(1), &c., Sic. Kredrikson in 1897 
and Lorn (11M)7) used wooden cores for the stem.s 
of wax matches. Oraven (1809) proposed as a 
composition for the tapers a mixture of coresm, 
resin, calcium sulphate, zinc oxide, and potassium 


nitrate. Steedman (1900) patented waxed stems 
made from single strips of vonoer, with one or 
more threads applied longitudinally, the wliole 
coated by wax; and the jiresenl writer has 
come across Finnish ‘ suiXTior patent vestas’ 
(of very poor quality), with sti^ms made in a 
, similar way; obviously t he same patented 
i method. 

i 'I'hc In-atment of the wooden stems has also 
vaiH'd gnxitly. In the I'arly days of match- 
[ making the splints weie usimlly dijipcd in 
melted siiljiliur (v. Romer and otlier.s), to ('nsuro 
ready infiaminabiiity et the .stems; and hot 
tallow, resin, and wax were sometimes used 
for the same ]>urpo,sc. »Sulj)hiir-diji]iing is in 
this country only (*i Instoric interest., but suljiliur- 
(!oated s])lin(s arc still to l)c .seen occasionally in 
matches of tin* clicajicst and worst (jualities, 
mostly of continental manufacture. Of the 
above named substitutes for sulphur, Botlgi'i* 
(1843) jircdened vax. wIik li was al.su used by 
Mcunons (1857) and others. J.,atcr (18t)l), 
j Lctcliford introduced tlu- use of nudted jiaiaflin 
or jietroleum, also a noxtuie of {larafitn with 
stearin and .)ii]iaii wax. Bruce (J8(i3) .saturated 
the stems witli jiotassium nitrate by niimersing 
j tlie.m in a boiling siflution of that salt. In IH9I, 

I Bell ])r()])oscd the use of eoloureil ])aralhu. 

I Matcli-stcms have oiaiasionally hei'ii imjiregnated 
! with eamphoi. Iu 181)7 resm wa.s again a])])lied 
hy Letchford, and (Irawitz (1873) used najihtha 
Idle instead of sulpliui. Majiple (1881) preferred 
oil or tallow. Farallin is now almost everywhere 
used. 

Another metliod of tieating the stems is 
widely adopted at tlie jjre.sent iinic in (Iroat 
Britain and abroad, e.spccially for safety matches. 
It consists in nnpregnatiiig the stems with solu¬ 
tions whicli have the (‘ffect of ]>revcntiuj 5 
wood from burning or remaining red-hot. Sterns 
so juH'pared become cool alinosi. instautanf'ousiy, 
and do not icadily break; there is thus less 
cliuqce of the heads and fiagiiieiits of thi* siiliiits 
falling and giving use to linrs—a iisk commonly 
jueseni with the thin badly-dit splints (not so 
treated) of tlie cheajier sorts of foreign matches. 
To reiKler the stems uninflammable, solutions of 
sodium plios])hate. sodium tung.state, zme suU 
])hate, alum, ammonium sulphate, and magne¬ 
sium sul]»liate have b^'di used. Field (1679) em¬ 
ployed solutions of ])lios])honc acid, ammonium 
I i)hos])hate, borax and ammonium phosphate 
togetlier, or boracic acid and ammonium phos- 
lihat-c; IVrcival (1887) proposed the use of 
‘eyanile’ for the end held in the hand, the 
body of tlie match being impregnated W’ith a 
'weak gummy varnish’ to ]uevcnt the embers 
from falling about; and Louisa A. Thomas 
()H9()) suggested the employment of sodium 
silicate. 

F. (lerken and (I. (foliaseh (1883) affixed 
small fiyction-iablets to tJic stems, so that when 
a match wa.s withdrawn from the case its head 
I came in contact witli the roughened surface on 
I the stem of an adjacent mutch, and in this 
' manner was inflamed. The proposals of Galy 
(UH)8) and Waksli (IJiOH) were not altogether 
dissimilar. The last-named inserted the striking 
composition in a notch in tho stem of the 
match. 

Tubes, to hold a single match, have been so 
oonstructed that tho match on withdrawal is 



MATCHES. 283 


inflamed by friction of the head againat striking | 
composition lining one end of the tube. The | 
other end is closed. An allied device is a tube j 
ojx'n at both ends, and on finger-pressure being 
applied to the match-stem projecting at one 
end, the head of the match is pushed past 
the striking eompositjon lining the other end; 
on coming into the air directly afterwards it is 
inflamed. 

To render matcli-steins waterjiroof, collodion, 
resinous varnishes, and caoutchouc solutions 
iiavc been cmjiloyod. 

Ifeadlcss matehc.s have been suggested by 
iSimonot (IHIKI), Ninibi-rg (1H}J7), Fog and 
Kirschner (1808-0), Buddc (IIMIO), and HatTner 
(1007). Matches ti])j)ed at botli ends were 
proposed by .Scarlett (1801), Aldridge (1800), 
Potts (loot), and Nieolay (1004). ‘ Douhle-tip ’ 
matches, an important modern invention, are 
desenbod further on. • 

The develo})ment of the machinery used in 
mateli-niaking has more lhan kept paia- with the 
imju’ovements m the e<»ni])OMtions and iti the 
treatment of the stems. Continuous and 
automatic m.ielunes will he desnihed in the 
portion of this article devoted to delaiLs of tlie 
maiiufaetilling ojieialums. 

I'ci/a.s.- '(’lie earliest aeei.unl of the trax- 
taper as a match stem is in tiie spi'cificaiion of 
an English jiuteiit taken out by W. Newton in 
1802 ; and, according to I’ayen, matches of this 
description were first made'm France in 183C 
by Savaiesse and Moickel, of Pans. Wax, 
liowever, in eonjiiiKition with colophony, was 
used in 18.32 by Siegel, of Vienna, as an easily 
jiifiammahio coating (in place of suljiluir) for 
tiie [ircviously carbonised splints of his oxy- 
muriatc maiclies. In 1802 J, Oln'lds recom¬ 
mended a mixture, of iiigh melting-point, of 
one part of Cai^iauba wax with 1) parts of 
jiaraflin ; m 1800 Loichford suhstitubid juto 
for cotton in tlie tajiers; and J. G. (joinez 
and P. Franco (18811) used strips of Pustol 
board, immersed in a mixture of resin, stearin, 
zmc-white, &e. Baron (ISOfi) recommended 
wood-fibre. Hathaway (1807), Sitott (18!M)), 
Glenistcr (1!)()7), and olhers have emjdoyed 
paper in strips or coils. 'J’he use m the waxed , 
stems of a w'ooden core has already been men- i 
tioncd;*and pino-wood st*eks are very largely i 
taking the plaei' of wax tajieis for tins class ' 
of match. Wax vestas have been sold in metal 
cases containing band-pa])er so folded that,fOn 
the withdrawal of a vesta, its head is inflamed 
by friction against the sand-pajier, the act of 
withdrawal thus igniting the match. 

Fnncej^, d'i \—(’igar lighters—of lirown papi'r, 
cardboard, G<U’man tinder and the like-- imjireg- 
nated with a solution of nit.re, often scented, and 
tipped with various igniting edmpositions, mostly 
phosphoric, were made by Siegel (1832, 1835), 
V. Rimier, and otiiers. Of the newer kinds of 
cigar-lighU'rs, vanou.siy known as * flaming 
veauvians,’ ‘ etna.s,’ ‘fixed stars,’ ‘braided 
lights,’ &c., consisting generally of three jiarts 
—a stem of wood or glass, a‘head or ball of 
‘ pastille ’ composition, and a tip of igniting 
composition—one of the first was described in 
1849 by .1. Palmer, ((rimes (1859) introduced 
wires into the composition-ends of his splints, to 
prevent the heads from falling off when pressed 
against the cigar or pipe. Bell & Black (1859) 


made the stems of wire, coated with a non-con* 
ducting composition, such as gum and whiting, 
or glue and whiting or flour. Simlic il802) 

I put the composition on a tube fitted on to the 
j end of the splint, and preferred gloss. He also 
I (1863) tried stems of slag and powdefed oyster- 
! shell, mixed into a paste and calcined; and 
I wire, covered with thread or cotton, dipjied in 
I coloured liquid gum. Battcock (1863) made 
I .steniK of stone and .slate; and Barker, in the same 
: year, used pipeclay stems, tipped at cacli (md. 

: Ford (1878) softened the splints by treatment 
w’ltli caustic ])otash or .soda, and then subjected 
them to tile ai^ion of a solution containing JO 
jiarts of nitri', J jiart of ])otassnim chlorate, 
j and 1 ])art of sugar in 12 parts of xvater: this 
j process of i^our.se n'ndeied tlie wood higlily 
I combustible. Methods of treating the M'ooden 
.stems with alkaline and other solutions were 
liaU'iitx'd by the Akt Ksselskabid ‘ Jfiogress ’ (1902), 
and in tlu' previous year by A. ((. llaohrc. 
Evans (1882) rendered tfie stems of his vesuviaiis 
' iiu'ombustibic, by the us<‘ either of asbestos 
! |>aiiit or (d sodium tungstate solution. The 
^ invention of A. Hill (1904) was similar. G. A. 
i Swcelscr (IHKI) formed liis stems of plastic 
( maUTiai mouldial into Ihe required siunie and 
j size round a core. In the ‘ braided ’ lights, still 
i manufactured to a small extent by Bryant & 
May, and J. Palmer vV Son, the eomjiositioii is 
ndamed in position by jneee.s of thin wire, over 
which strands of cotton arc twisted by ihe 
braiding machine. 'J\ .1. Glanchy, in 1868, 
obtained ])rovisional jiroicclion for a combined 
match and fusee, consisting of a shaft or stem 
with a fu.s<“i*-head at oiu! end ami a match-head 
at the oth(‘r. In J885 Jt. Bell, jmiccedmg on 
I closely similar lines, introiluced tlie ‘fusee 
I vestas,’ or wax-stemmed vesuvians, in which 
j ihe cs.scntial parts of a vesuvian are present, but 
the .stem was of jutc', hemp, flax, <!ot.ton, or a 
mixture of some of these fibres, coated witli 
! parallin, wax, or ateann. According to 
anotlier jiatent of ihe same' year, this inventor 
introduced a wire core into th(‘ stems; and 
m 1886, G. 11. E. Bell devi.sed a hollow cylinder 
or bead of combustible material, to be sold 
sepal ately, for application to a match or vesta, 
for use m a light wind. J. .1. WilUams (1895) 
had a somewhat similar idea. Halts of strontium 
and barium have sometiim's Imen introduced 
into the compositions ot vesuviaTis, to cause them 
I to burn with coloured flumes, 
i Vesuvians have been almost entirely super- 
, seded in this country by vestas with jiine-wood 
I stem.s (such as the ‘ Swan ’ vestas, introduced 
by Bryant k May), and In America by tho 
‘ double-tip ’ iiialeh, invented in i!X)5 by the 
Saginaw Match Gompany. 'Pherc is also a con¬ 
siderable production of matehes^with cardboard 
stems, somewhat upon tho lines of the earlier 
‘ fusees.’ The ‘ book-matches,’ made by Bryant 
& May, are of this type; two layers, stitched 
together, of flat, cardboard-stemmed matches, 
united by the base, arc contained in a thin 
pasteboard case, xvitli a jed phosphorus striking 
surface on the exterior. These matches are of 
thq,safety class. 

Jtepcatirnj or roiitivuowi matcfws have been 
invented, but have never had much sale. The 
earliest Englisli patent of this kind was that of 
Hove (1862), in wlxich the igniting composition 
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WM attachod at intervaU to a continuous band together) oonsumed in Great Britain and 
or fitrip of xnAteri&l, inclosed in a box. X^ater Ireland jn 1912 was computed at £1,600,000. 
devioea of simi/ar nature were those of Tylor Assuming that 20 million gross of boxes, 
(1805); Kogers (I860),* PerJcjna (1800), who each box containing tM) matches, were so con- 
mixed the igniting composition with coJiodjon, sumed and taking the population of the United 
a strip BO*composed fitting into a case like a Kingdom at 46*2 millions (Census, 1911), this 
pencil case, from which it could be withdrawn consumption would be equal to 10 matches per 
at will; Samuel (1871); Jonas (agent, PolJet, head per day of the population. 

1878); and Klein, same year. In the United States of America, th^ are 

Cvjardmhtimj n-ppliamcs of a uptital ktnd. said tobe Iiiannfacturcd310,260iuiilioumatoho8 
Many instantaneous igniters, not matches, have per annum. Assuming a census of 86 millions 
been invented for the (ionvenienee of smokers, this is equivalent to nearly 10 matches a day 
Those contrivances, tliough nunuuons, have not per caput. 

interfered with the steady dcvelopim'ut and At the present date (Juih‘, 1918) there are in 
increase of tke match mdualry ; and a low types Great llritam and Ireland seventeen match 
only of such inventions will Ik- meritiom-d. factories, liy far the largest and the most 
Among the earliest wi-re the ‘ U’Bleamrn Cigar- modi-rn aie tlioso of Hryant & May, Limited, at 
renzunder,’ cigar-lighters, made by Pollnk, of Liveipool and Bow, London, E 
Vienna. This a])j)iianci' consisted of a small. At the present time (May, 11H8), owing to 
Mitre-steeped, variously(-oloured, arfitirjaJJIuwer, onditions brought about by the war, the 
the stalk of wliich was inserted in a cigar. A consumj>tion of matches in the United Kingdom 
little boss of igniting composition in the centre is considerably restricted. The import of 
of the flower was inflamed by friction. An , foreign nialcbes having been jirohibited owing 
alloy of the metals sodniiii aii<l potassium has to sliipjung (.bfiiculties, jiresenl siijijiJii-s arc 
been used. A small quantity of ila- alloy is restricted to about one-half of the normal. 
wiMidiinvn from a case or tube by a wire, which Owing to the increase in the value of raw 
is tlieii riibl>ed across and ignites a cliarn-d materials as well as owing to the introduction 
wick (1887 and 1888). Another apiilianee is for n voiiiio jiurposcs of a match tax, there has 
simply a pocket edition of the (dd flint, steel, been an eian-mous rise in the value of matches, 
and tindor-box. A fointh device (W. J). 'I’ln- tux miroduced jii the year J9lti amounted 

Borland, 1889) is an attailiment to cigars or ' to 3.s. 4d. per 19,600 matches, or on a gross 
cigarc-ttes, by uliioh thc-y are easily lighted, of boxes, each box oonfmning (i(> matches, 
even in a high wind. A minute jiortjoii of 2-s. per gross, fhe tax being nioix; than 

nitrocellulose fabric, forming a ring round the the total value of tlie matclios under pre-war 
oigaretl’C, is inserted under the paper, and on conditions. 

apjdying a sjiark the materia] tak(‘s tire and 'J’his lax has again bi'cn increased,and this 
slowly smoulders until tin- wliole end is j yi'ar (1918) amounts to o'. jier 10,000 matches, 
glowing. j If, IS esliiiuited jiuit fhe tax af, the latter liguro 

Automatic igniters in which is used an alloy j will yield a sum equal to £2,000,000 to the 
of cerium are now exO-iisively sold in France, i exchequer annually. 

and to a Hiiialler extent in this country. I ]t will be inteiesling to recall that this is 

Stalisiics and Lajidntioii. According to the | not the lirst occasion when an attempt to tax 
Gensus of Production, H)}2, (he total value of I mafedies was made, but the stn-nuous opjiosilion 
the output of matches of all kinds ineludiiig ’ of the manufacturers and wiirkpeoplc combined 
wax tapers, vesiivians, braided lights, &'0.. of compfdled tlie then Chancellor of the Exchequer, 
British manufacture wtvs m that year £783,183. ' Mr. Itobcrt J.ovve, to relinquish the idea; and 
The value of the exports of matches of the ■ since that time tla-ro had been no further 
United Kingdom manufacture amounted in Ihu attemi>lH to tax matches until the present tax 
same year to £110,000, or about one-sevenfh of was introduced when manufacturers and work* 
the output. The annual output of one British people patriotieaJb. as,sisted to mate it a 
oompany alone^ is at present not h-ss than success. 

8,tM)0,()00 gross'of boxes, each box containing In Russia there are or were 49 factories, 
on an average 00 matches, or a total annual in .Bwodeii iO, in Norway 2, in Belgium 14, 
output of 480,000,000 matciies. in Germany 76, in Austria-Hungary (originally 

The total value of the malorials used m the i the chief centre of the European match industry) 
production of matches of British manufacture ! 10. and in Franco 7. The most important 
was in 1912 £427,281. The consumplion in I Swedish factories are those of the Jonkopings 
Great Britain and Ireland of all iiiatclies in 1912 I och Vulcans Taiidstieksfabriks Aktiebolag, at 
amounted to about 20,000,000 gross of boxes, ; Joiikoping and Tidaholm, Uddcvalla, 'Weners* 
Safety matchetj. continue to increase in jiopu- j bofg and Annobdi-g, and these may be re- 
larity, whereas in lH9t) about 18 ]).c. of the ; garded as amon§ the best-equipped of European 
matches consumed were safety, and 82 p.e. i match ^works. Among the principal (^rman 
strike-aiiywhere, in 1912 thi- jn-oportions were | factories are those of Stahl & Nolke, at 
about 40 p.e. safely and 00 p.c. strlke-anywhore. , C'uhspI and Kostheim a./M., the Deutsche 
Vesuvians are almost obsolete, but qiiaiili- ^ Zundholzfabriks Aktion-Gesellsohaft, at Lauen- 
ties of branled lightsv and llammg vesuvians ; burg-Rhoinau Baden and Vordamm, of the 
are still made Swan vestas, with jiiiie-wood j ‘ Union ’ Akticngeaellschaft, at Augsburg and 
stems, introduced by Bryant & May, luave | Habelschwerdt, Ulm, Goppingen, and else* 
virtually supplanted vesuvians, and have j where. The French factories, which are under 
considerably reduced the consumption of wax ■ the direct control and supervision of the 
vestas. i Gorernment, the manufacture of matches 

The value of all matches (British and foreign having boon a State monopoly since 1890, 



are at Pantin and AuberviUierB (both near 
Pariw), MarBoilles, Begles (Bordeaux), Aix-en* 
Provence, Saintines (Oise), and Trc^loz^ 
(Angers). In the United States there are 19 
companies and lirms and lb factories, 
including the Diamond Match (Company’s 
five works in New York, Michigan, Oiuo, 
California, and Wisconsin. The Diamond 
Match* Company is by far the largest and 
most inlluential American company, and its i 
output is probably about 75 p.c. of the entire! 
production. 

By the international treaty of JhTne, 1900,' 
most of the countries of Kuropc have bound 
tliemselves to enforce witJiin their territories 
the prohibition of tlie use of wliit(‘ or yellow 
phos])horus. I’lie imjiortation and sale of 
matelies containing ordinary jiliosjihorus are 
entirely prohibik*d in (xroHt Britain and her 
Oown colonies {since I90H); in <.h*rmaii3» 
Franco and her colonics, Austiia, the Netlici- 
laiids and the ihib-h huhes, l.uxemburg, 
Finland, Italy. Sjiain. and SMitzeriand (since 
1900); and in Deiiimtrk (since 1875). In 
Australia the iiuporliition is forbiddoii. Khne 
January 1, JtlJ2, similar ]>rohil)ilion has been 
e,nh»rced in Canada. In Norway and Swedim, 
the use of wliiti* or yellow plK»splioruH is for¬ 
bidden m the mannlaelun' of matidies for honn- 
consumption, bul not in making matelies for 
export trade. As the outcome of the Coii- 
feronccs at Berm , in 1905 and 1900, of repre¬ 
sentatives of most European CoverninoiilN, the 
British Legislature on J>ee. 21, 1908, passed tlie 
‘White I’fiospliorus Matches Jhohibition Act’ i 
(S Edward Vil,, 1908, ch. 42), which lias been | 
m ojieration since .lanunry I, 191(t With j 
praelacaily no exception all mvili.stHl cuiintrieH ! 
liave ]>roiiibited tlio use of yellow ])hosphorus | 
in tlu? manutacturc of matelies, and where this | 
has not been aocomplislied very stringent ^ 
regulations havi^ been pul in force, making ; 
the use of yellow phosiiliorus very iiieonveivent ' 
and diflieult to manufaetiueis, J’he United 
•States passed a i>rohil>ition Act (January 1, , 
1911), and yellow phosjihorus for match making , 
is now a thing of the jiast m that country. | 
The siringeut regulations in Euro])ean countries 
previous to the (‘iitire jirohibitinn of yeUow 
phosphiJruR kept down quantity used to 
() or 7 p.c. (Denmark 10 p.e.). American manu¬ 
facturers prior to prohibition were said to be ! 
using 14 to 20 p.c. The humidity and waripth j 
of the American climate increased tho danger to 
the workers. The extremely sensitive double- 
tip match recently introduc(Ml in America 
contained quite 20 p.c. yellow jihospliorus. 
This double-ti}) match is now made with 
Kosquisulphide of jihosphorus. 

The rresident of the United Stales rcoom- 
mouded the imposition of a he&vy Federal tax 
in order to discourage the use of wliitc phos¬ 
phorus, and the Diamond Match (^■>mpany have 
voluntarily surrondered thejr patent rights for 
the UBP of tetraphoHjihorus trisiilpliide, so that 
any match manufacturer in the United Stales 
is free to use this compound. 

Great Britain’s exjiorts of matches to foreign 
countries are smaller than formerly, and her 
C/oloiiial trade has diminished owing to the 
establishment of factories in the colonies them¬ 
selves, notably by Bryant & May, Bell & Co., 
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in Australm and New Zealand, and the Lion 
Match Company in South Africa. Notwith¬ 
standing excessive competition, tho homo trade 
i.s, nevertheless, very large. 

As regards tho quantities t«f phosplioius 
used in the malcli industry, there aiv^not at tho 
present time any ligure.s available. Probably 
about 40-50 tuns per annum wero used in the 
RiitiB)i Isles over the 15 years prior to 1890. 


Mantjfactuhe. 

Probably the In-st way of convoying an idea 
of twentietJi-century ine-tliods of iqanufacturing 
matches will be to begin by describing the 
ojicrtitions as they are eonducted in the most 
oxteusivo and modern mateh works in this 
country—the factories in Jxuidon and Liverpool 
of Bryant A-pMay, Limited, wlio are, as already 
sl.'ilisi, the largest Briti.sh makers, and among the 
large.st in the worUl. 'I’he oj>eralion» so described 
: mav hv regarded as typical of the work as now 
j carried on under tlu* latest and most advantage- 
I oijs conditions. Some aceoiuit will then be given 
i ol the manufaciuix* as conduc(-(‘d u]>on a smaller 
j scale, and of th<‘ mon' uotewortliy difyeri'uccs 
and inoditiciitions in the- machinery used, or 
processes lollow'c-d, in otlu'r Bntisli, and-—so far 
i as ]KTiuits—in the more important foreign, 

j match woiks. 

! J'lie manufiu^lure may be considered under 
1 the following heads: (T) Ordinary matches 
the iial urc of tho wood used; making the 
matcU-stK'ks or sjillnts, and boxes ; making and 
packing t he mal chi'S; (2) Wax matchen 

making the tapers; making and pacldng 
the matches; (3) Safety maklien ; (4) Ke.v«* 
mn-nti , (5) ‘ book-watches^ ‘^^d (b) ‘ do'iihk-U'p ’ 
matelies. 

L Ordinary matches. Nature of the wood 
used.—Thoro is considerable variety in this. 
Pino, asjien, .sjiruee. lir, po]>lar, lime, willow, and 
bcech-wood arc used. Ald(U'- and cedar-wood 
have also been cnqiloyed. Aspen, and jiopJar- 
woods are imported into tliis country mostly 
from Kussia (Riga, Jjibau, Windau, and 
Peirograd); pine, sjiruoe, and hr from Canada 
and tlic United IStates of America. There hi an 
mcrea.sing .scarcity of timber, especially of pine- 
wood. For British matches, tho splintB formerly 
were chioiiy, and still arc largely, manufactured 
from pine-wood : aspen, poplar, and other woods 
have long been u.sed for this purpose by con¬ 
tinental makers. Aspen-wood for match 
imiiiufactureTH’ requirements must be free from 
pith and knot.s ; and stems from 10 to 20 inches 
; ill diameter arc tho most servici^abk'. Rafted 

! as])cn IS loss satisfactory than unrafted. »Spruc(^ 

i wood 18 emjJoyed for the [laekiiu; cases, planed 
i and dovetaikVl boards for whien arc imported 
I into this country. 

I Makiwj the boxes and -Although 

■ some of the smaller mafrli-makers, hero and in 
' parts of tlie (‘onlinenl. .still use boxes made, or 
! put together, by w'orkpqjiple in their homes, a 
highly important and proiinnent department in 
thco leading manufactories of Great Britain, 
Auicrica, and continental Europe, is that 
devoU^d to matcli-box making by machinery. 
The operations, both for box-making and splint- 
cutting, begin with ‘ eross-euttlng,’ by a eirculat 





236 MATCHES. 


saw, of the 7-feel long asiicn-logs into 26-inch 
tenths. These are barked by hand, taken to 
tbo * log-jwolmg- ’ or ‘nkiUct-’ (tiquelctU') n.»oiii, 
und plaood in u of iiiiJjf, t/rc ' peeling- ’ 

or venetr-cuUiruj machine (Fig. 1), in which they 


< 



Fiu. 1. 


]-(ig-lK;(‘!in« er veiiffT-ciiltiiig iiiacifinc 

revolve against a liorizonUil |»laiijng knife acting 
upon the entire lenglli ni tln‘ log A \eneei is ! 
thus eut/ from tlie log, a.s wide as the totaling 
wood ns long, and of a thickness wlncli depends 
upon cireuinstanees. 

(a) - It tin* veneeis be retjuiied for 

the production of splints, the tinielnne is adjusted 
HO that tho}' are the thickness of the splint rt'- 
quired—usually from 2'2 1<* 24 imn. for the 
ordinary siuall match: if the tlunner \ene(‘is, 
used for wooden mateh-bo.\es, aie tlesired, the i 
tiuckiioss IS about of an inch. Cutters, I 
jilaced slightly above the jilanmg knife, divide 1 
the vi'iieers into narrow Ifands ( --(he leugtli of | 
a match), or witter bauds (for box-work), as : 
required. In Die formtT ease, the narrow bands, ; 
divided into eonvonieut huiglhs and super¬ 
imposed into pdes of 7d or SO veneers together. ; 
are passed under an alternately rising and tailing ^ 
knife, in a guillotine machine, w'lneh eiits them ; 
into squall* or ivetangular sjiliuts. 'I’hese fall ; 
into a ho])]M*r, fuun which hy a eyeloiu* fan tluy [ 
are blown along a pipe nilo anoDu*!* building, 
wlicre tlu'V ar<‘ * impi'i'gnaled ’ with an acid 
ammoiuuin phosphaU* solution and then dried 
in revolving cylinders heated by steam radiators, j 
Mext, they aie ('yelonod back to the ])eeling- 
room, wlu'Te they are ‘ eleaiied’ in a ' .splinl- j 
cledtiinff ’ inachLs^e, ‘ straigiitened ’ in a ‘ (ftrai.gki- j 
cMtuj'' machine, and packed in trays ready to i 
be fed to ilie inatch-imicfnne. During both the j 
cleaning und straightening o])erations, the i 
Hplints are subjoeted to a ‘ jogging ’ or oscillating 
motion. This deserijitum ol splmt-making 
applies only to the leetangular splints, of aspen 
and sinular woods. The stouter and longer 
square inatcii-slicks, usial for tlie large ordinaiy 
' and safety matMies, are otten eut from Canadian 
pine-wood. 'J’he blocks au* sawn from a deal, 
and fed into the liopper of a machine which 
cuts by means of lancets set lionzont ally. instead 
of vertically. These sjiliuts, after imjiregnation, 
are dried by drying-ghamber juticess. There 
arc two otlier kinds of w'ooden match-splints : 
round-sti<‘ks and grooved-sticks. But ns tl,ie8e 
are cut actually in the match machines, an 
account ot the process will be given when those 
machines are doseribod. 

(h) Boxcif .—The thin veneers, intended for 


I the boxes, arc wider than those for splints, but 

they are produceil by the pceling-inachincs in 
) the* manner already detailed, the wood being 
I Himultaneously scored ill readiucsB to be folded 
by tlic box-makiijg machine. They are then 
guillotined into sizes suitable for the insides and 
covers of boxes. The .skillets for Iho ‘ cases,’ 
‘ covers,’ ‘ outers,’ or (ua they are sometimes 
uncu]ihoniously called in America) ‘ shuclcHy are 
j next folded up, jiasted and labelled by ‘ outer ’ 
I box-Tna<‘hines, of which tliere is a row on each 
) side of an endless band or conveyer, carrying 
' the box-covers onwards to a drying eiiambcr. 
'J'he “ iniuTs,' nr draw'i'rs of tin* boxes, are made 
by machines (liUndgreu’s jiateiit), winch fold up 
th<“ skillets, jiaste, and ])U])er-coat the draw'ors, 
and similaiiv feed tlu'in on to a <*arrier, by w'hich 
they are transjiorteil to a drying chamber. 
Fig. 2 sliows some of tin* box-making inaelnncs. 



Fiii. 2 

Wootlcii l)i)X-iiiivKiiig iiiaehiiios. 


'rh(' lU'.xt ste[i IS the applicat. m of .s.iml to the 
‘ outers ’ by the ‘ sanding-m.M lime ’ or ‘ Mindtr.' 
'ITic ‘ inners ’ an* put into tlie ‘ riuters ' by a 
mai^hine i-alletl in Die w'oiks a ‘ /i.(,sh7.’ In one 
room of one of Die factoiies theie are about 120 
wooden-box maidiiiK's. Thicker skillets arc by 



Fiu. :h 


Cardboard box-toom 

some manufacturers used for vesta boxes, and 
these are cut from spruce-wood by an ordinary 
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‘ flaking ’ machine (Day’s): but smuoe is 
becoming scarce, and will probably be discarded 
for the purpose. . x . « 

Cardfjoard hox-makirtg .—The outers 

some strawboard boxes arti made by a machine ^ 
which cuts and scores the cardboard lor folding ; 
pastes, and folds it inlo the form of a flattened 
tube, prints it above and boneatli, glues and 
sands one Bld(5, cuts oil the proper lengths, ami , 
cicets the finished case's at the rate oi UHK) iier 
minute. The insides are made by an equally 
ingenious machine which cuts out the pawes of 
cardboard, scores, folds uj), glues t he enc s. 
and eonveys the (smipleted ‘ inners jn iaiks 
of a travelling chnin until they are dry and 
ready for liilmg. A cardboard l>ox-iooin is 

shown in Fig. fl. In one room at Liverpool 

there arc ir)() eardboanl box-inachines. I he 
‘inncrs,’ of ehip-w.yod, ure maeliine-made, as 
above described. * 

Melnl hoc mdin/i.—TUr metal match-boxes 
used for ‘ knapsack ’ mat<‘lies are ^ made al 
Livcr])ool l)y a machine invented by Carbone. 

Tub Manitbaotuhb of Wooden MATiMrus. 



A. Hy coiitinnous and automatic machinery. 

In one form of match ma< hini'. u.scd by .M<‘ssrs. 
Bryant it May, the ivady-eut .square siilints 
are fed into a hopiicr iie.u- the front oi tin* 
machine, ‘ joggetl.' and pushed hy iflungers into i 
a|>crtures in the iron mat<‘h-piat<*s, or earner- ■ 
]>lales, composing an endless chain about 
700 feet long, 'i’lu* chain conveys tlic splints in 
enormous nuitilx'rs, tqis downwards, over a hot 
iilate, then Ihroiigli a steam heated bath of 
melted paraffin wax (in.p 102' UCCF ). tem- 
peraturi' r. 220''F.. next over th(* dqijuiig-rollcr, 
which rovolviis in a trough or vat charged with 
the matcli eomjiof^tioii, and llnally over a great 
series of <lrums or earru'r-wheels. Th(‘ p(‘riod 
occupied hy this is about an hour, and duiing 
the imssage over the can ler-wlicds the matalu's : 
are dried by the eun ents of air to which tliey are , 
freely exposed. 'J'hcre are MK) matches in each ■ 
row'on a match-plate. Having traversed the 
carrier-wheels, tin* dry and flnished matciieH , 
arrive near the starting-point, arc ejected by : 
plungers from the holes in the match-jilates, and 
are mietf into boxes by a ^^ox-fdh»H machine, ^ 
manufactured by the Diamond Match Company. i 
This machine neatly and regularly dcpoKits the 
matchca m the drawers or insides of tlio bo^es 
(to which a sliaking motion is given, .so that the 
drawers become filled, and there arc no spaces 
left); shealhs the drawers in the covers ; and 
passes the completed boxes along an endless 
band to packing or nvappinx/ machine (Lund- 
gren’s patent), by which they are put in the 
familiar ‘ dozen-packets.’ Fight girls attend to 
a match machine ; and the daily output of one 
machine is 1000 gross of boxes, averaging 
about 60 matches to a box - 8,640,000 matches 
per d%€m. The machinery is continuous in its 
production, and automatic, from the feeding m 
of the match-sticks to the wrapping of the 
dozen-packets, wliic.h girls put up into gross 
parcels by hand. Tlie gross parcels are iiaeked 
in cases, which are nailed together at the 
factories by an automatic nailing machine 
(W. S. Doig’s patent). 

The maclunes so far desenhed yield square 


matches. But Messrs. Bryant & May use other 
match machines, also continuous and automatic, 
called grooved-stick machines. These yield 
matches with pine-wood stems, nearly circular, 
but scored longitudinally by two grooves, so 
that the stems are of the sei'lion shifvv'n in the 
figure (Fig. 4). A machine of this kind cuts its 
own match-.stick.s from }une 
blocks, \ l inches deep, fed in 
horizontally, but at an angle 
of 17“^ with tb(‘ front of the 
macliinc. 'riic inatcli sUck-s 
arc cut from the blocks liy 
di<‘H wliK'h act on (h<‘ down* 

Will’d stroke, leaving the ^plinlH 
sticking up, to be grasped by 
their u’pjier ends iii th(i aper¬ 
tures (.1 carnev-pliiles compos- 

ing a eonveycr-eliain, ju.st as in the machines 
I'lsl (lescnlx^fl. 'J’lu- inalcli sticks, bristling from 
, the undiT surface of tin' eii. I less chain, pass huc- 
oe.ssively over a hot plate, ])araflin-bath, dipping- 
roller, anil senes of earner-wheels, i-eturninK to 
the. forejmrt of the maehine, where the hmsheil 
matehes are (hseharged. aiul hUeil into the 
drawers or ‘ iniiers' of eardhoard boxes fed to 
the liiliue apiiariitns hy hand. Thenee the hlled 
drawers are |ias.sed aloni- in a eontinuons stream 
to a irvolviiiK eiieitlar table, where sit six or 
eedit mils to reeeive and sheath Ihem in the 
cases. Fifteen workers attend to a machine, 

' including wra])itcrs, and each machine produces 
800 uross of boxes of matehes (averaging o,. 
matches to a box) in a day of ten hours. Ihc 
yield of matehes j>or minute may he estimated 
at 12,000. One girl can teed the inafdune with 
11)0 boxes a minute, or nearly two boxes a 
second. From the spliul-ciitting .station of this 
match maehine an exhaust fan draws nut wood- 
dust and imperfect stiek-s, and conveys them hy 

a pipe to the hoiler-liouse. 

The romid-sticl- machines, which produce tlie 
eircular-stomnied, pine-Wood ‘ tiwan ’ vestas, 
punch out round splints, but are constructed 
similarly t.., and upon just the same priiieipics 

as the, grooved-stiek machines. Blocks of pine- 
wood are fed in; iimslied matches oome oul, 
and arc automatically tilled into the iimei-s, the 
linal operations of ' boxing ’ being iK'rformi-d by 
eight girls statioucd at a revolving circular table. 
Dust and imperfect splints are removed in tiio 
I manner already de.scribed. Une»of these rmmd- 
stiek machines can turn oul about .1,0(10,UUli 
I vestas per diem. , 

I L<irqer-nzrd mulches. —For the produetion ot 
the larger sizcd slrike-anywhore malehes and 
safety matehes, with square stieks 2J inches long, 
the eontinuons and automatic maeliinery is ot 
exactly the same kind as that usi'd for the 
matches of ‘ mimk ’ size, with sticks 1 1 inehes 
long The splints are fed into tile rcceptocle or 
lioppor of the maclune, and the linished matehes 
are Scposited in the drnxvers of the boxes hy the 
lillinv apparatus previously mentioned. Ihe 
drawl.rs jiass along a channel on to a circular 
table, where the ca-ses raveovers are put on by 
baud The productive cajmcity of one of these 
maqh’mes may be estimated at (1,9110,WO 
per day of ten hours. 1.1’. Amer. 1 at. 3^435, 
'0888 (E. B. Beecher); and Eng. Pats. 20786, 
1894 (E. B. Beecher and J. 1*. Wright); 17022, 

1 1896 (•). P. Wright).] 




A macliirie. 

oti a lar«or scale ; and Fig. 7 shown u machine 
l•o(^m its range of automatic machineN. 

The adoption of automatic machinery has 
wrought 80 groat a change m most of tlie oi>eia- ; 
tion.s of mat(rh making, in tlic c.on(lition.s und(*r 
whitdi they arc iierformed, and m tim rate and ^ 
amount <)f tlic output, that to describe tlie 
present mode of manufacture is virtually to , 
relate the particular-s of a new industry. The 
advantages of tlie automatic machinery, with 
the continuous system of manufacture, are 
enormous. Froduction is greater, with less 
labour, than in former days ; and the operations 
are immeasurably more healthy for those | 
engagi'd. It is scare<‘ly an e^aggcration to state j 
that hand labour has beiui almost entirc'ly ^ 
eliminal-ed from the actual manufiu-turing pro- ! 
oesHOS. Three or four workers now iiroduce as | 
much R8 15 or 20 under the old (ionditions. 

Examples of other forms of automatic match | 
machines are Lagerman’s machine, used at | 
Jonkoping (di'sorihod on pp. 2119-240, and Figs. : 
9 and 10), and Roller’s. 'I'he last-named is con- ; 
strucled upon the same general principles as the i 
match machines already described, hut it is of j 
smaller dimensions and capacity. This typo of ^ 
machine is used' at Messrs. •!. Palmer &■ 8on’s, , 
Maguire Miller & Co.’s, W. J Morgan «t. (’o.’s, 
li. Bell & Co.’s, and Faterson tV Co.’s, factories. | 
Keady-cut, single-length splints of aspen-wood 
are fed into the hupjier of the maclmie ; jmslied 
into aperture.s—150 in a row—in an endless 
chafn ; paraffined; dip^iod ; dried by passing j 
over a series of drums ; discharged or ' racked j 
out,’ and filled^into the box ‘ iimcrs.’ These are j 
sheathed in the covers by four workers. There ' 
are seven girls to a raaidiine. 

Besides the match machines described, there 
are other continuous and automatic machines, ; 
of which the ‘ Ideal,’ made and supplied by ; 
Messrs. Sobold, of T)nn*ach, Germany, xs an ex- ; 
ample. Several of these machines are used by 
S. J. Moi'eland k Sons, of Gloucester. < . 

pTpparntim of fha Dipping Composition. 




m 


A match machine. 


Almost ever’ 


TV maker has his own especial mixtures, in use for ordinary matches inyaiiably 
.d way of preparing it. But the contain—(1) un oxidisnhU hody in a fine slate 











MATCHES. 


of division, and Intimately mixed with (2) 
oxidising agmts; (3) cementing or bhiding 



Fig. 7. 

A nut/cli juiicliiiie-room. 


materiah; (4) certain choinically inert bodirx i 
lidded to increasi* Iriolion ; and (o) (oloiiring 
matins, in, striko-aiiywhero iithtohc'w, the j 
oxidisablc or coinlniHlibic body in genoriU use 
is totra]dio.splH)ruH triHulphido. Otlic'r com¬ 
bustible ingredients are omjiloyed, inor.tly 
abroad. Tins more nnyiorlant have been num- 
fjoned {}ip. 22it-232). 'I'iie oxitlising agents 
prinei})aiiy cmployi'd are jiolassmni chlorate,' 
])Ota«Himu nitrate, lead nitrate, nnnium, man- 1 
ganesc dioxide, and h^ad peroxide : yiotassium I 
dichiomate, ‘ oxidised miiuum ’ (mad(‘ by lieat- 
ing minium with nitric acid), ferric oxide, and 
litharge mast also be mentioned. In KngliKh 
matches, potassium (dilorati* is the customary 
oxidising agent, used aloiiM <jr with manganese 
dioxide, ^c.. I’otassium niLialc is freipiently ; 
present in (continental mntehes. Glue, gum, ' 
gelatin, and de?i'iin are the landing media 
mostly used; in Great Britain glue is almost 
exclusively cmtiloj'ed. Very iruKdi de|jends on 
the quality of the glue, and lU drying yu-operfies. 
Powdered glass, elialk, gypsum, and fine sand i 
are among the inditTerenl bialios added. I'rus- { 
Sian blue, ultramarine, smalt, vermilion, chrome J 



Flo 8. 

ComposIticHi raixing-room, Liverpool. 


yellow, and eoal-tar dyes arc used to colour the 
mixtures. 

Excepting that phosphorus sesquisulpliide 
is now in general use, and that coarsely crushed 


I glue is preferred to glue in large pieces or cahes, 
I there is not much th&t is new to relate about the 
j operations in the composition mixing-room. 

; Tlu're are, of course, numerous niiiior dideren(‘os 
j in the methods of mixing the ingredients of an 
j igniting jiaste ; but the guiding pnnciples usually 
( nix' that the oxidisablc liody is tirsl mix<-d with a 
I iiortion of the inerj. subslanees, and with part 
I of the glue or oilier binding meriuim, ])reviously 
dissolved in watf'r, and that the oxidising suh- 
stnnec nr substances must lie mixed seyiarately 
in another vcssi'!. with the remainder of the glue, 
(*^ 1 !. Fai'h imNtun' is jiassed through a mill, 
after which the two seetioiiK are combined and 
th(i whol<* mass is milh'd. All q|iantities are 
weig)i('d and clic'ekcd, and projier yuvcautioiis 
are takini to avoid Miring.’ Fig. 8 shows a 
(^imposition miving-rooni of the latest type. 
Sonu' ailditioiml partunilars, especially with 
r<‘gard to okh'r methods of working, will be 
lound on yqi. 231 ct seij. Tlic other operations, 
yiarafiirnng, dijjping, drying, discharging, box- 
tilling. and packing, by automatic machinery, 
have already bcKOi desoribiul. 

This Mamifaotitris oi' .VU'i’cntES abroad. 

Sweden. —The most imjiortant Swedish match 
manufactories are those belonging to the Jonko- 
piugK ooh Vulcans Tandsticksfabriks Aktiebolag. 
TIk' Jonkbjmig works of this company are par¬ 
ticularly well jirovidecj with labour-saving 
maiilunery, much of it the invention of the 
; former oliiof engineer, the lat(i Mr. Alexander 
Eagerman. 'I’ln'se nieehamcal appliances for 
saving manual w(trk have been in use for a con¬ 
siderable number of years, and include con¬ 
tinuous machiniTy for paraffining, dipping, 
(trying, and discharging the matches, maehineH 
for box-filling, ‘ sanding ’ or ‘ coating ’ machines, 
and wrapjnng machines. The writer is indebted 
to (Chamberlain Berndt Uay, the general manager 
of tlu^ company, for the following particulars of 
the continuous inaeliines at present in use at 
-lonkoping. 

The matoii sticks, (uit and dried, are plaiied 
in magazines on the front t(>[> of the machine, 
whence the syihnts arc jnished out into jierfor- 
ated wooden frames, moving uyiwards cm endless 
chains. The franu^s, holding fke'stickH at 
ono-third of their length by means of springs, 
arc brought along, one by one liipjwd in melted 
paraffin wax, and then in the strike-anywliere or 
safety-composition, as tiie (*as(“ may Ik‘. After 
passing a iff-metre track, to dry the matcli 
heads, the frami's return to the front bottom 
part of the mai lnne, wlu're the matches are 
discharged, ap])oi'tioiie(l off, and (iilinl info the 
empty boxes iirought to this part of tin* machine 
on a transporting chain, (rimsisting of small iron 
plates, in Fig. 9 is shown some rt/ the Jbnkbping 
macliinery. A number of these machines arc 
I install(‘(l'at the older of the two diinkbping 
! fact(*rics. Fig. 19 shows one of the box-filling 
; machines used at .Jonkoping. The striking* 
i surfaces, whether of sand, emery, glass, or of a 
I red phosphorus eomposifion, arc applied to the 
; sides of the boxes by machinery (‘ sanding ’ or 
i ‘ edating ’ maehmosj; and the finished boxes 
i arc meehanicully wrajiped m parcels of ten or a 
1 do/ien {' wrapping ’ machines). One of these 
I machines will pack in a single day, under the 
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m&D&gement of two gir^i*, a Quart.er of a million : lar^o, well-equipped match-works, where safety 
boxes of matches into finished, labelled ‘ dozen- | matches (chiefly) are now manufactured on a 
packages,’ thus doing the work of 10 or 17 I great scale. 

hand-packers. I Holland. The industry in Holland is of 

’I’he Vulcan Factory, at Tidaholm, is a , comparatively .small dimensions. At Loyens 


Yiq. 0 . ,, 

Automatic and continuous match machine used at .lonkoiiiiiR. (Inventor, (lie late A. LagerTimn.) 



Fia. 10. 

machine used at Jonkoping. (Lagermau’s Invention.; 

factory at Breda, a box-filhng machine, inveyted Roche & Cie. (Uhent). Although there have 
by Paulson, is in use. and is said to lx* very been great improvements in the conditions of 
satisfactory. \ the industry, Belgium was behind other ccuntries 

Belgium. The principal Belgian factory is i in regard to match factorj'legislation prior to the 
that of La Soci^t^ Causaemille Jne & Oic. et commencement of the late war (July, 1914), 
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Getmany. The match manufacture is M 
considerable proportions iu Germany. 'Jli 
largest (Jorman companies, the Deutsche Zund- 
holzfabriks Aktien-Geseilsehaft, previously men¬ 
tioned (p. 2H4), tlio Aktien-Goaellschaft fiir 
Zundwarenfabrikatioii Stahl & N()lkc, and the 
Union Company at Augsburg, use aspen-wood 
for the production of both splints and boxes, 
the veneers for which an' cut in a ‘ peeling ’ 
inai-hiuo of the usual ty])e ' Inner ' and ‘ outer ’ 
matdimes, like those already described, are 
employed to make the boxes, into which the 
dipped niati'hes are tilled liy a tnacliine, similar 
in princijtlc t'> thoB<' in use at .lonk(*|>mg 'I’lie | 
productive capacity of tiic hox-tilluig or ‘ hf)\ing ‘ I 
machine is such that, under tlio siijiorinlendciice 
id one girl, it will yield 20,000 filiisl Ixixes in 10 
hours. After filling, the boxes arc coatc<l on the 
two narrow sides with a striking composition, 
by <'onvoyanc(^ on an endless band between two# 
rcv<dving bruslirs, suiiplied witli the comjiosition 
by rotating discs. The ho\(\s nvv next earned 
tlir(Uigh a drying channel 0 metres long; and, 
finiilly, a ‘packing' or ‘wrapping' maclunc 
automatiitally asscinhl<‘s the boxes in si'rics of ! 
ten or twoK(', wi.ips these m paper (cut hy the j 
machine from a io||. aii<l [uojieily folded), jiastcs 
the folded tiai)s. and lahels tliii package 'rhe 
writer is indclitcd to tlie Stahl and Nolkc Com- 
|)any for .some of tlic foregoing }iarticulars, and I 
for fuithcr iiiforiuatioii jckiting to tlie imlustry | 
in Germany. Otlicr (Icrrnau manufactories have ! 
bc'cn referred to on ]>. 234. One of the ])rincipal 
nianufactiirers o£ modern types of match¬ 
making maehiTiery is A Iv(»iler, of Berlin. A 
large part o! the asiieii-woml used in Germany i 
is imported horn Russia.; some, liowever, comes ! 
from native forests. But there is a growing ' 
scarcity. ' 

Austria-Hungary. In Austiu-Ilungary, pro- i 
bably the most iin|)ortant factory, and ccitaiiily 
one of tlio oklc.st, IS that of Bernard I’hirth, at j 
Scliuttciiliolon, in l»ohemia, establishctl m 18ilS. i 
The founder is st.iti'd to ha\e been the first to j 
use red ]>liosphonis as a substitute for white or ; 
yellow phosjilioniH, and in ISot o.j he sent into' 
the market matches with red phosphorus in the | 
rubbing surface on the bo\ --tlius adopting a ' 
suggftstion made I'y Bottgei. 'I’hese first , 
maUihes Af th<‘ safely tyjie wi^x' not eonmenaaliy ; 
sucoessful, however, and it was not until in j 
1855 Lundstrom improved the invention, that J 
the ‘ safety mateli' of ilu* jiresenl day became^ | 
juactieal match j 

France. I'lie jiroeessos and machinery in use | 
at tho two chut State, factories iii Kranee aie' 
here briefly des< iiliod, In the match faclury 
at Auborvilliers, twenty antomalie maeliines, 
iiivontod by H. Sevenc and E. I). ('alum, are em¬ 
ployed. One of these mnchuieS, worked by only 
three operatives, can proiluec*!!! 10 lumrs 
50,000 boxes of 50 linished matelios, or^bout 
1.5 million boxes per annum. For the same out¬ 
put in the old days twenty w'orkers would have 
been rciiuired The hTeiu'h machinery m con¬ 
structed u}iou tlie, same general pruieijilcs as 
that Alreaily d(;acribe<L Splints, ted into a 
receptacle by liand, fall from a vibrating hoiijior 
into 110 grooves of a horizontal iron to be 

expelled by a plunger at every stroke of tho 
machine into corresponding grooves of a charger, 
bridge, or traiisporiiog table, having a backward- 
VOL. IV.—i’. 


|tnd-furward motion between the iiorizuulal plate 
and a vortical part of a long, endless baud of 
carrier plates—tho carrier or ‘ presse.’ Each 
earner plate is inches long (in tho direction 
of its journey), 48 inches wide, and is iierforated 
by five rows of equidistant circular lunes, 110 in 
each row. 'I'ho diameter of an aperture is equal 
to the side of the square section of a match-stick. 
When tho charger approaches the ‘ presse,' a 
jilute or ‘ follower' rises behind the grooves and 
])rcvcnts the sticks from roeeclmg. The splints, 
being longer than the width of the cliarger, jiro- 
ject lioyond its edge, and are pushed into tho 

110 holes of a row in tJie earner plate. 1'o pre¬ 
vent beiuling uiul breakages of tlm sjilints, a 
horizontal jilate presses upon the grooves of the 
chargor, winch retreats empty to receive ita fresh 
load. 'I’iie. endless hand moves along, bristling 
W’lth splints, winch are carried, over a hot plate, 
and tlirouglf a jiaratfniing-bath, secondly, 
through a suljiliur-baili, and thirdly over a 
rotating grooved eyjindor partially immersed in 
the igniting oonipo.sition or ‘ paste.’ Thence the 
conveyer cliain travels many yards, for the 
ilryiiig of the matches lu be effected; ami, 
linaliy, at the end of tho cycle of ojierations, 
pliingcis expel from tiu' holes the linished 
matches. These fall, in regulated series, into 
rec-o)>tael(‘s, whence jnstons fill them into boxes, 
fed into the maihinc by an operative, but 
metliamcaliy o)M‘nod and sluit. 

In J<'rance, the sjihnts are made of Russian 
asjicn and I''ren(:h willow, the former being pre¬ 
ferred. Bindi and poplar are used us well. 
'I'he timber is sawn and cut into splints at 
Samtines. ‘Ihiilour’ and safety matches arc 
largely mamifaetuieil at Bantin; wax stems or 
tajicrs only at Marseilles. 

Norway, 'riu' chuT matcli works in Norway 
is tlio factory of tlic Nitedals Tandstioksfabriks, 
near (Hinstiania. Fig. Jl shows Archil's box- 
lilJing machine (Eutulgrcn's jmtent) m use at 
most of the Eiiiopcan faiTones and in many 
parts of tho world. 

America. An account has already been 
giv(vn of the juesent conditions of the industry 
in tho Uuit<‘d States of America, and of the 
Diamond Match Company’s machinery, used in 
the States by that comj»any, as well as in Great 
Biitain by Bryant & May. 

Japan. In .lajiau, a country enjoying at 
one jieriod a virtual monopoly vff the markets 

111 the Far East, there arc about 150 factories. 
Tliree-fourths of tlie workers, 25,000 in number, 
are women. Osaka and Kobe arc the centres of 
the industry. As long ago as 1892 matches 
ranked fourth among tho artii^les exported from 
Kobe, and in the following year many new 
factories were established in Japan, with the 

! result that the output and expoj^t of matches 
I enormously increased, and continued to expand 
until about six years ago. Depression of trade 
j set in, and in 19B) seventeen factories in Kobe 
I and thirteen at Osaka for a while suspended 
j operations, with the result that the output fell 
1 off considerably. The njost formidable com- 
j petitors of t he Japanese are t he Swedish and 
I Aust^-ian manufacturers, who have encroached 
j upon the markets in tlu; Far East. Phosphorus 
; and sulphur matche.s arc manufactured at Osaka; 
' safeties at Kobe, The production of wax 
i matches is almost entirely a household industry. 

R 
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In the year 1909, the total export o{ matohea.: towns. The largest works are at HankoW with 

from ,^pan amouutod to ®®**?nX™*Haherto the match industry has 

ralued at £1,186,738. Durhig the first haU o ; ,*“"»• Indian Empire, but it has 

1910 there was a decrease of 40 p.e. in the export “ P ^l^at the natural advantages 

as compared with the corresponding yioriod in | I plentiful timber, cheap 

1909, There has been an enormous increase in I of he t™n,,port, justify 

the production in recent years. , , ■ „ i.„i„'f tint ilm nro.soocts of success are good, 

China. In 1907 there were three factories ; W thaUho pw je^-doped on 

•n tlw Canton dislnr.t : now there are Wiwks m j , j j ultimately secure 

Pekin, Hankow, Tientsin, ShiingJiiu, ami other proiiei lims. immi n j. 



Fiq. 11. 

Arelin's (Lunilgreii's patent). box-ttUlng innchino. 


some of the considerable trade of the 1 ersian 
Oulf. at present enjoyed by bweden. 

2. Wax matches. The tapers for these arc 
made as follows: from 60 to 100 strands of 
cotton, of about 20 threads each, are led from a 
bale, through a measuring maohiiie and guides 
arranged at a convenient height, into a steam- 
iaoketed tank, containing a mixture of Btoarin 
and gum copal or gum dammar, thence through 
perforations in a draw-plate, and aftovw^ 
OTcr a ‘ drawing drum (Fig. 12), 6-10 feet in 
diameter, revolving on an axis, by hand or 
steam power (Pig. 13). , 

From this drum the tapers are led back 


again through the bath to a similar drum on the 
opposite side.of the lank, and by wmding 
alternately from one drum to the other, they are 
made to pass 0-7 tamos tlirough the bath, until 
the cotton has a coating of fat juat sufficient to 
allow it to pass through holes in a suitable 
gauge plate. The tapers lastly pass through a 
perforated hot plate, which imparts a polMh to 
the surface, and are again wound on to a druim 
from which they are fed to a ‘ wax-match 
machine ’ of the above-described contowus 
typo. In this machine, patented by the Dia¬ 
mond Match Company, the tepers are eut mto 
stems of the usual length, and inserted m spaces 
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(in which thdy are held in position by brass 
springs or clips) in the sections of an endless 
carrier chain. By this they are conveyed over 
the dipping roller. Of course, neither the 
stoam-hoated plate nor the paraffin-bath is in 
this case emjiloyed. The heads of the wax 
matches are dried by the journey over the 
carrier wheels, and the finished matches are 


In this class of machine the tapers are caused to 
■ advance between two feed rollers covered with 
I caoutchouc or other elastic material, and having 
an intermittent motion, their rotation at each 
; revolution of the driving shaft, or movement of 
, the treadles, being through such an «.ngle as to 
advance the tapers the required distance under 
a cutter or cutters working in a vortical piano in 
front of the feed rollers. The dipping frame 
(which will Jiold 0400 stems (80x80)) is held 
immediately in front of a perforated plate 
through wliicli (when the machine is worked) 
the cut stems are pushed, so as to rest on a lath 
of tlic frame ; the fraim* is now lowered, and 
the next latli is dropped into |>ositjpn, to receive 
a row of «ut stems, immediately the treadles 
have been proH.scd down. When the frame is 


Flu I.’ 

A diawiun drum. 

automatically filled into the drawers of the 
boxes, 'riieso pass on to a circular table, where 
girls put (hem into the covers nr outcis—just ! 
as in tho wood-match machiiic.s. Some wax - 
matches, however, are filled into th(‘ box<-.s by ' 
hand. Each w'a^-match iiiacluuo yields about 
3 million matches per dinn. »Somc mnuufuc- : 
turers, Messrs. Falmcr Son, fur instance, still 
use tho framc-di]tj)mg method for wax matches. 


1 Wa\-tflp(.r rutting and ItlUnfmaoliino. 

i 

! filled, the sttuns are. dip[ied, on one side only, 
j in the striking eomjiosition. At Messrs. Palmer's 
I factory, the dipp<*d frames of w’ax matclies arc 
; dried on Hhelvc.s m a square chamber, heated 
i by steam pijies, and with a jmddle fan in the 
i centre. Tlie ‘ racking out ’ is olfected by hand. 

I (For wax match maeliinery, c. pakmts of 
* Beecher and Wright (180.^), Harf^rcaves <fe Clegg 
i (185)0), Ihckles (181H)), Wicssuer (1900), and 


Taper-making room. 

The taper is then either cut into lengths, which ^ 
are bundled together and cut into vesta stems by I 
a pivoted knife, the stems being afterwards filled i 
into dipping frames by a small filling niaclune I 
(Day’s) worked by hand or steam, or 00-100 ' 
strands of it are wound upon a small drum, and ' 
passed from it through guides to a ‘ cutting and 
filling ’ machine of the kind indicated in Fig. 14. 


Harvey (1001).) 

3. Safety matches. All that has been stated, 
with regard to the jirocosses of manufacture of 
ordinary matche.s, apphe^io safety matches, ex¬ 
cepting the seotioii on dipping compositions. 
Many more ingredients have been and are used 
for*safcty match eompositions than are added 
to ordinary match pastes. So far, safety 
matches for the most part have been made 
with rod phosphorus in the rubbers only; but 
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attempts, mostly uasuccossful, have been made 
to raanufacturo matches, more or loss of the 
safety type, but without })hosj)horus, either in 
the heads or rubbiTs. The beat-known Knghah, 
Swediah, and other safety matches belong 
to the *’Hrat class. 'Phe igniting eom- 
jiositioiis of ordinary .safety matches usually 
contain, its an oxidi.sable ingredient apart, 
of course, from the red phosphorus in the 
rubbers —grey antimony sulphidi*, with or with¬ 
out sul}iliur; charcoal, too, is oecasionally addl'd. 
lh>tas.sium chlorate, potassium di(;hromate, and 
minium are the ordinary sources of oxygen, but 
niangaueso dio.xide and nitre are also used : j 
glue IS the ^ sual hinduig medium. Coiouring [ 
matters are seldom adtlod to .safety match pa.sle.s. 1 
which are usually black. I 

Certain safety mut(^hcs, made abroad and , 
imported into this country, la'aniig on tiioir ' 
boxes the legend ‘ Utau swafol oi^i ph(»sj))ior,’ j 
some years smeo were analys'd m the writer's | 
laboratory and found to contain much aul])hur. ■ 

4. Vesuvians. 'I'ho manufacturing jiroce.sscs j 

for cigar lights, h\ed stars, braidcil lights, and 
the like, diller little from tiu' meiliods in ii.se for ! 
ordinary matelu's. The stems, however, are i 
generally of alder or other hard wood (when not 
of glass, &(^.). circular in section, soiiK'times 
braided and wired, and shorter than ordinary 
match sticks. Comparatively lew braided lights 
are now made. Single workers an' now eiujiloyed 
occasionally in this branch of tlu* imlnstry, 
whicli used to engage the .services of scores ot 
hands. Tiic dipping frames are smaller, u.suaily 
filled by hand, and eoutam from KiOO (40x40) 
to 20(K> sliort splints, which are dijijied at one 
or both ends. Two distinct compo.sitions are 
used : the ]»a.stille or burning com[)osition, 
used for tlie lioad or hall ; ami th<' igniting or 
striking ]>aste, with winch the head is tippeil. 
The pastdlc I'omposition is a mixtiin' of nitre 
with charcoal (or coal- or coke-dust), glass- 
powder, gum or glue, ami some scenting in¬ 
gredient, such as cascarilla bark, satinwood, ' 
gum benzoin, lignum vitan, Ac. 'I'lio stems an' i 
dippi'd mor«‘ than once m this composition, iiiiiil ] 
the heails are of the reipured size, and a final j 
dip m any ordinary striking com))o.sition is given ; 
to the heads after they have been dried. The i 
early ‘fusees' (of brown jiaper or cardboaul, I 
impregnated with nitre, tijiped with sulphur, &e.) | 
gave place to vtssuvians, which in their turn have I 
liecn largely superseded by wax matches, and j 
those arc being supplanted by ^une-sti'iiimed | 
vestas. It will be seen in tlie next section tiiat j 
cardboard stemM are at the present time once j 
more used for certain sorts of matches (rf. 1 
‘ book-matches '). i 

5. ‘ Book ' matches, d'hese, in one resjiect, 
are an intere.s^iiig reversion to some of the veiy 
earliest typos of matches, and to the original 
‘ fusee ’; the Htema are of cardboard. Two 
layers of such matches eouneetod together at 
the base are fastened in a little flat book, the 
pasteboard covers of which carry a 8i>ecial 
striking surface. TU^so matches are of the 
safety type, striking only upon the prc]iared 
surface; they are manufactured by machines 
which automatically print the cardboard, cut it 
into combs, dip the teeth in the igniting com*, 
position, fold up, stitch into books, and affix! 
to the outsides the special striking composition. 


[y. English Faleiit of Diamond Match Co. (C. H. 
Palmer, and J. W. Denmead), 21788, 1809.] 

r>. ‘ Double-tip' matches. Double-tip matches 
have been manufactured in some form for 
many years and the so-called ‘ Vosuvian,* 
i ‘ Braided Light,’ and ‘ Flamer,’ were all double- 
tip. More recently, Imwi'vor, this idea has been 
applied to the orfluiary match, and the gone.sis 
of the application is jicrhaps to bo found in a 
proposal of R. aiul f). Mnguiro (1898), according 
j to which a (arg»' flame-producing head consisting 
; of a composition contaiiiuig no pho.sphorus, 
highly mllfuninable, but not igmtabio by fric- 
tjon, IS lipped with a cap conijiosed of a white 
jiliosplmnis bearing com|)osilion readily ignited 
on any stj-iking surface The cap which is 
applied by a .second dipjiing may contain (> p.c. 
of whiU' phosplionis (Init this, of course, has 
now been superseded by a coin})osition contaimiig 
K'.sfjuisulpliidc of piios])hoi-us). Somewhat simi¬ 
lar Kiiggc.stioii.s W('rc tliosc of Lindner (1899), and 
the Saginaw Match ('ompauy (1995). 'I’he last- 
named company, which in Aineinra is credited 
with liaviiig originated the doublc-<lip match 
htriiieily used f<ir (he Imiky jiart of tlie head, a 
detonabU* compoMtion, <‘oiiMsting of an ordinary 
stuke-anywheie ‘ ])aiiour ’ mutch compound, 
containing alxmt (i^ <if wliite phosjihonr., 
aiul for the cap or ti|» a noiseless and non- 
dctonable <-i)mposition containing no less than 
22 parts of white jiliosjihorus. Matches of this 
ciiaractcr strike with delightful ease on any 
surface and virtually without noise. But the 
largi; tpiantity of white phosphorus which wns 
juvseiit was an obvious <)bj('ction. The use of 
white ]»hosplionis for doiiblc-tiji matclies has 
now, ot course, been superseded by the mocuous 
sc.squi.sulpliuie of phosphorus, and the eajis or 
ti])H of the douhI('-tip inatelics are now entirely 
made with tlie latter body whilst the bulky 
part of the head is made with a similar comjiosi- 
tion to iliat employed on the safety match and 
is not ignitable by ordinary friction. Double- 
tip matches have become very j)o])ulariii America 
ami have to an enoriuous extent taken the 
place of Die ortlmary striKc-anywlicre - parlour’ 
matches. In 1909, ,1. F. State ]»atentcd a ])ro- 
cess for ])roducing matches of an allied tyjic, by 
diiipmg them .successively m a material ignitable 
by friction, ami m<^ material not so ignitable. 
'riie latter is then pushed back by mechanical 
means, such as a series of rollers, so ns to leave 
ox-»)osed a portion of the striking uornpoaition 
at the extreme tip. 

The tifrikiH'} surf<icefi or rubbers. For 
ordinary matches, mixtures of saud, glass, 
emery, and the like, with glue or gum, spread 
on the paper with which the sides of the 
match-boxes are coated, form convenient 
friction surfaces ; metal gratings, tablets of uii- 
glazed iiorcelam, and porcelain or metal plates 
with jrarallel ridges very close together, are fre¬ 
quently employed; and practically any rough or 
uneven surface—even cloth—can be made to 
answer. The composition.s used in the special 
rubbing surfaces for safety matches are very 
various; but the ingredients chiefly present 
are red phosphorus, antimony sulphide, and 
powdered glass, made into a paste with glue. 
Tlie antimony sulphide is sometimes omitted, 
and manganese dioxide is not infrequently added 
to safety rubbers. 
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Among the patents for match striking or 
rubbing surfaces may be mentioned those of 
Neubcrg (10418, 1897); Cravori (27520, 1897); 
and Pre-^twieh (23048, 1004). 

Older Methods or Mai^nrACTURE. 

The complete process of manufacturing 
wooden matches formerly C()mj)ri8e(l the follow¬ 
ing He])arate and distinct ojiorations, carried 
on for the most part, or at all events very 
largely, by band laiunir: 1. ‘ Seurling ’ ; 
2. Cross-cutting; 3. Sb-aming; 4. Splint 
Cutting; f). Drying tbe Splints : 0. Killing tlie 
Dipping I'Tames or Coils; 7. J^aralhning 
(originally SuJjiluiring); 8. Dijijiing; 9. Drying 
the dipped s])lints ; lU. ‘ baying out,’ ‘ Racking 
out,' or ‘ Racking ofT ’; II. Halving (sometimes 
also called ‘ cross-cutting '); 12. ‘ Ro.xiiig ’; 13. 
Packing. It has been shown that nearly all tlie 
work can be, and in the more extensive factone.s 
is, carried on automatically i>y contmiioUR 
machinery; but in some smaller establish¬ 
ments the ofjeraiions, oi- most of them, ore .still 
performed by the oki nnivs. 'I’he throe mam 
ojicraUons arc s})]mt-cutting, dijijung, and 
drying, but a summary uf tin* entire older 
]M-ocesa will be given. 

Splint-cutting. The |»lauks of wood, usually 
12-13 feet long, and .3 inches iliick by 11 inches 
wide, wijre first of all treed Irom iricgnlarities 
and roughnesses by the operation calleil ^curjin/j, 
knives or cutters, rotatory or otheiwise, cleaning 
and smoothing the siirlace. Tlie ])laiiks were 
tiicn cro.'is-cui into blocks or lengths 4| ineiios 
long ,< 3 inches Ihiek ,< 11 indies wide. An 
ordinary Knglisli match-sjilint, to yicdd two 
match-stems, iiielies long, was 4| inch(‘s 
long, so that tlie pushes cut otT from the jiiank, 
measured in t he •direct ion of the grain of the 
wood, had just the length of a siilint. Unless 
the wood wen' newly foiled, and tliercfore sappy, 
these blocks must ni'xt bo !<Uami‘d (third opera¬ 
tion) for about 20 mmiib^s. Tliey were tlien 
taken to the .sjilritf-cuilinff machmo (fourth 
openiiion). Vitv many forms of sucli maehiues 
were invented, but only three kinds were at ail 
generally used in the United Kingdom. Tlic 
two eaflier tyjies uf sjilint-ciittmg machines 
were the tootlumf machine and the flaking 
niaciuiic. I’ho toothing macliine answered well 
for ‘ clean ’ wood, such as piue-wood, but was 
not adapted lor poplar, asjien, &c. Tlie 
‘ vertical llaking ’ machine is suitable for coarse¬ 
grained and even knotty wood, requires little 
skill in working, and is capable of cutting (150 
bundles of splints in a day. The earliest 
machine belonging to the third class, or com¬ 
bined ‘ toothing and jhikhii^ ’ machines, was 
invented by Tillett (1859). A machine, which 
for London work to a great extent suj^rseded 
the foregoing kinds, was Piu-e and Howard’s, 
and was an improvement upon Tillctt’s. Some 
years since, all English and nearly all foreign 
match-splints were square or rhombic in section. 
Round splints, such as were yielded by the 
early machines, were comparatively rarely seen, 
excepting in Vienna. But at the present time, 
as has Wn shown, round-stick matches, such 
as the pine vestas, and grooved-stick matches, 
are extensively used. Vesuvians, also, usually 
are round-stemmed 
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Splints made from previously separated 
I veneers are now very largely employed, and 
many of the later machines for splint-cutting 
i have been upon this principle. Some account 
! has been given {cf. p. 238) of log-pjeling and 
splint-cutting machinos; and this must serve; 

• merely a referenee can be made to the numerous 
I patents for splint-cutting appliances taken out 
during the jiast 14 years. Some of these inven¬ 
tions relati' not only to splint-cutting from 
veneers or otherwise, but to means of assembling 
the s])lintH in coils, plates or other holders; 
also. Ill certain eases, tlio splint-cutting is 
desenheti as the initial stage of a jirocess of 
continuous manufacture. • 

The next ojieration is the dii/naj of ikt nit 
fijilhils. The sjilmls were formerly always made 
I into and then dried. Now tlicy are 

I sometimes tj^rown loosely into large trays and 
dried by exposure to warm dry air. (Swedish 
splints arc dried in wir(‘-gauzo cylinders 
revolving within a brick stove.) The dried 
splints are ready for the operation of filling 
the (hjipii/g clnvipx or franien (sixth opera¬ 
tion). J’nor to tlie use of dipping frames, 
there were the so-called ‘ bundle-dijipcd ’ 
j and ‘ lilock-iiipped ’ matches. In the earlier 
} days of nmtch-makmg, ‘ dijiping-boards ’ were 
someliniea enijiloyed. ‘Frame-’ or ‘ clamp- 
dipping ' was introduced in 1849, and its adop- 
tuin, which by degrees became general, eiTectod 
a great .saving of tinm aiul labour. The dipping 
elainiis are square frames with sides consisting 
of iron rods, on to which slip lath.s, i‘acli having 
grooves on its upper surface, and lieing lined 
with felt below. The maleh-splmts are firmly 
held in the grooves by the pressure of the felt. 
Eaidi frame holds 3900 sjilints, whieh, dipped at 
each end and halved, will yield 7800 matches. 
‘J’he dijiping frames were at first filled by hand, 
but Hynam (1850) and Bell and Urimes (1854) 
invented machines for tlie purpose. Improve¬ 
ments followed, and in 18(>5 Simiick introduced 
self-acting nmelmiery, driven by steam power, to 
jiroduce the various movements of these frame- 
filling machines with greater rapidity and 
economy of labour. 

In 1*870, E. B. Beecher, of New Haven, Con¬ 
necticut, invented machinery to replace frame- 
dipiiing, by ‘ coil ’-dipping. This system of 
working having been introduced into the largest 
English match-works, effected* great and, in 
many respects, beneficial changes in the method 
of manufacture ; and coil-dipjiing, where it was 
adopted, for wooden matches entirely superseded 
frame-dipping. It is not adapted for the manu¬ 
facture of vesuvians. 

In Beecher's original machine (Eng. Pat. 
4293, 1870) the splints were so delivered from 
a hopper as to 1x5 set at regular intervals be¬ 
tween the coils of a long flexible tnjie band, 
or lx*it of cotton webbing, about the thickness 
of a spJmt, but considerably narrower than its 
length ; this k>lt was continuously wound upon 
a short cylinder or drum adapted to a rotat¬ 
ing mandril or axis, until a coil, or bundle, 
or frame, of the desired siz-c was completed. 
Tlie end of the bimling tape wos then secured 
to the preceding coil by a pin or otherwise, the 
drum and coil of match-splints thus bound upon 
it being now ready for removal from the mandril 
for dipping. Being soparatod from each other 




240 MATCHES. 


fay the thickness of the webbing, and fay an 
interval the width of a splint between every ' 
two splints, the splints individually received the , 
proper proportion of composition when dipped, 
and could »iK) conveniently dried in the coil. In 
an improved form of the niachino (1887), 
Beecher employed an auxiliary or secondary 
band in connection with the first, for the 
purpose of holding the matcli-sjilintu more 
securely. 

The match-splints, having been arranged 
for dipping in one or other of the ways do- 
scrilicd, according the older irndhod now' 
being described, are ready foi- parcffinin^f, or 
‘ the first, dipping,' as it is sometimes called 
(sevenlli ojieration). 'Flic frames arc put on 
a table, and the splint-endN are levelled, if 
necessary, by taps with a piece of w'ood; 
they arc afterwards heated (to facilitate ab¬ 
sorption of tlu‘ paraffin) by ajijjlieafion to 
a hot iron jilate, and then immcised in melted 
paraffin contained in a shallow HteaDi-h<*ated iron 
tank. Both ends of tlie splints are thus treated. 
iSometimes the operation is cllected in a brick 
stove, on the top of which are three shallow, 
flat* bottomed, s<£uare pans, one serving for 
the preliminary heating of the splint-ends, the 
second for the paraflining, and the third for the 
subsequent dqiping in the igniting comjiosition. 

In all but liie most infenor matches, jiaraffin- 
ing has entirely Ruperscd(*d treatment with 
sulpluir. 

8. Dipping, rhe usual constituents of a 
match-igniting composition liavo already been 
enumerated (pp. 2:18, 2'Mi}, and are mixed in 
the following manner. 'I'he glue and potassium 
chlorate or nitrate are dissolved in warm water, 
and the phosphorus (assuming that the worker 
is in a country w’iiere it is stiU legal to use it) is 
then added to and stirred in the liquid (wliic;li 
should be of a syrupy consistence and at a tempe¬ 
rature of about 38°), until a perfect emulsion , 
is obtained I’ho rest of the constituents, pow* i 
dored glass or sand, colouring matters, and me¬ 
tallic oxides, if present, having been previously 
‘ milled,’ are now added, ami thoroughly mixed 
with the emulsion. When, as is now generally 
the ca.se, a substitute for white phosphorus is 
used, it is at first intimately mixed with part of 
tJie glue solution and inert materials only ; the 
potassium chlorite, with tlie rest of the ingre¬ 
dients, being added later. The whole is finally 
put through a mill. 

For the operation of dipping, which—in 
manufacturing upon the older lines—is performed 
by workmen in a separate apartment called 
the dippmg-room, the emulsion is ladled from 
a steam-jacketed iron pan on to the dipping 
plate or table—generally a shallow, flat-topped, 
iron box, kept hot by steam admitted to its 
interior. Ilie composition is spread over the 
plate, and levelled to the required depth by a 
gauge or ‘strickle.’ The ends of the splinfs 
in the filled frames are then dipped in the thin 
layer of igniting comppsition. After the splint- 
ends have been dipped, the frames are placed 
in racks to dry. , 

Dipping by hand, as already described, is 
most usual m working upon a upmparatively 
small scale; but the igniting composition is 
sometimes applied by the aid of cylindera or 
rollers, partly rotating in hot-water jacketed 


cases, receptacles, or boxes containing the 
mixture, endless chains conveying the frames or 
coils over the rollers. And it will have been seen 
{ante, pp. 237, 238) that this system is generally 
employed in the newer, automatic, and con¬ 
tinuous methods of manufacture. Bevelled 
wheels and other devices (L. Urion, 185b) have 
also been used for the jnirpose. 

y. Drying. 'I'he frames of tipjicd splints are 
jilaced on sujiports or racks, (Either in the (qien 
air or in the drying-rooin—an apartment main- 
tanied during the summer at a suitable tern- 
])eratmo by fans or otherwise, and in damp 
weather aiul winter kept warm and dry by pipes 
conveying steam or hot air. 

11). Laying out; 11. Halving; and 12. Box¬ 
ing. 'I'he ' headed ' and dried Njilints are next 
taken out of the frame.s or cods, as the case 
^nay be. 'I’hc o|MTation is usually termed 
‘ laying out,’ ‘ rHcking out,’ or ' racking off,’ and 
in ktiglaud is yomotimes effec ted by hand, if the 
establishment be not. very extensive. The nuts 
and crossjneee at the top of a clamj) are reiiiovod, 
and then lath after lath is lifted and the row of 
double-tipped splints beneath deftly withdrawn. 
Laying out is also performed mechanically, the 
mauhiiK's of Sebold, Sclinctzcr, and others being 
used, ospc(!ially abroad. In the case of coil- 
dipped splints the process was called ‘ unwind¬ 
ing,’ and differed, of course, niaUTialiy from the 
met hods aj)])licable to frames. Beecher (1877) 
invented a machine which simultaneously 
performs this operation and the next, ' halving,’ 

‘ eutting-down,’ or ' cross-cutting.’ 

According to the oldiu' rnetimd, for framo- 
dipjied matches, handfuls of the iaid-out, 
double-headed splints were divided, ‘ halved,’ or 
‘ eross-cut,’ generally by a ))ivoted or ‘ lever ’ 
cutting knife, and the resulting mat.che.s were at 
once boxed (?.<’.. put into boxes) by women, who 
became exei'cdingly dexteious in taking up 
haqfiful'’ splints of just the recjulred number 
to fill two boxes. 'Fbe ojicrations of halving 
and boxing, where whit-e phosphorus was used, 
caused more loss by ‘ firing ’ than any other 
part of the jiroeeodmgs in a match factory. It 
has been mentioned that the loss during boxing 
or tilling IS f|inte trivial under modern working 
conditions. And, ^ith the continuous manu¬ 
facture, there IS now no halving. 

'I’ho writer is under obligations to Messrs. 
Bryant & May, and to Messrs. Bridwell, Ham¬ 
mond, Tarrott, MarcbaiU, and Crowther-Boynon 
i for help in the preparation of this article. 

! _ E G. C. 

' MATE V. I’abaouay tea. 

MATECEBIC acid. An acid obtained from 
i t)io wax of the yerba mat6 {Elaeodendron 
I guadrangulatum) (ilciss*.). When the' solution 
obtained by Exhausting the leaves of this 
. plant nith ether, or bettor with ether-alcohol, 
is treated with lime, then filtered and evaporated, 
a waxy residue is lelt, which may be freed from 
chlorophyll by treating its ethereal solution 
with animal charcoal. This solution, agitated 
with water to remove caffeine and other 
substances, and evaporated, leaves the pure 
waxy matter, which, when boiled %vith aqueous 
potash, partly dissolves, leaving a residue 
i soluble in ether, much more butyraceous than 
; the original substance and separable by treat¬ 
ment with alcohol into an insoluble yellow 
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transparent substance, and a soluble portion 
which is white and melts at 55*. On neutralis¬ 
ing with hydrochloric acid, the alkaline solution 
obtained by saponification of the wax, mate- 
eerie acid, is obtained as a white precipitate 
which has acid ])ropertics, and is soluble in 
ether and in boiling alcohol. It nieits at 105®- 
110®, and has a <lensitv of 0'8151 at 26®. From 
the results of its analysis, it docs not appear to 
belong to the acetic series, but its molecular 
weight is very high (Arata, Gazz. ehim. ital. 
1877, 366). 

MATEZITE. A saccharine substance ob¬ 
tained by Girard from Madagascar caoutchouc; 
wlien treated with hydruxiic aeitl, yields inelliyl 
iodide and vialezo-dayubo’^e, an Lsomendc ot glu¬ 
cose. (hystallises in radiating nodules. Rota¬ 
tory power [a]D+65; m.p. 1S7° {Girard, Goinpt. 
rend. 77,91)5, and 100, 84; (A)mbcs, ibid. 110, 46^ 

MATIGO CAMPHOR v. ( Umphor. ; 

MATLOCKITE. A lead oAychloi ido 

1M)('1,-Pb0 ' 

of a yellowish colour, found at Croniford, near 
Matlock, i)cil»yshirc ; sp gi. 7‘2l. 

MATRASS. An egg-shaiicd glass vessel with 
a narrow neck, used by Hie ohhu' clu'mists, j 
mainly for suhlinialious. 

MATRINE An alk.iloid occur¬ 
ring in the r<iots ot Sophom (Ait.). 

Is a nionoacuh<- l-crtiary amine. Of the two 
nitrogen atoms, oru' loniis a iactam ring with a 
carbo-xyl group and is changed to an iniiiio- 
group by liydrolysis with alkali, lati/nnn: acid 
being formed. 4’or its salts and derivatives, 
.sec HeizalmiA Kond6 and co-workers, J. Pharra. 
Soc. Japan, 1921, 659, 1047. 

MAURITIUS pLEMI r. (_)leo-hesjns. 

MAUVANIUNE GigH.-N,. A base isolated 
by Girard, l)e Lairi', and CJiappolot, from the 
insoluble residues obtained in the maniifacjure 
of rosamlinc (Zeitsch. (Jiein. 1867, 236). 

MAUVE or MAUVEINE r. Azines. 

MAYNAS RESIN or CALABA e. Kesinm. 

MAZOUT. P(4ro]eum residue uscmI as a 
fuel oil, usually by atomising by a jet of steam 
after preheating above the flash-jioint. 

MEAD or HYDROMEL. An alcoholic drink 
prepared by the fermentation of honey. Well- 
made hydromel has a colour between that of 
champagne and Madeira, is fine in flavour, Und 
contains about 13 p.c. of alcohol. 

MEADOW ORE v. LiMONiTE ; also Ikon. 

MEADOW SAFFRON V. Golchicum. 

MEAT EXTRACTS. Hislorical. It is well 
known that extract of meat consists of beef tea 
evaporated to the consistency a thick syrup. 
It therefore contains the whole of those con¬ 
stituents of meat which are soluble* in hot 
water. 

It was first correctly prepared in 1821 by 
Proust, by whom, in conjunction lA'ith Parmen- 
tier, it wm very highly recommended as a 
stimulant ^uite as valuable for the strung and 
healthy as for invalids. In 1847 Liebig, in his 
celebrated treatise on ‘ Hesearches on the 
Chemistry of Food,’ most warmly approved of 
Proust and Parmentier’s extract, and subse¬ 
quently made every efiort to popularise the use 


of the preparation. The attention of many 
men of science, but more particularly of the 
medical profession in Germany, was attracted 
to Liebig 8 abstract scientific researches into the 
nature of moat, and it was ascertained that 
extract of meat was of great usefulness in 
medical uaHos. 

In oonsequonee, the Kx-frarinm Carni.s w’a.s, 
without Liebig’s assistance, introduced into the 
Bavarian Phannaeopoeia of 1856, and from that 
tune all Bavarian apothecaries were legally 
; bound to keeji ilic extract in stock, or to inAc it 
: w'hon required, just as any other drug. From 
Bavaria the knowledge and medical use of the 
extract .sprcaJ over the whole of ttenimny, but 
its manufacture remained confined to pharma¬ 
ceutical (■heniiKts,an(l its use to the sick-chamber. 
Liebig, on the oilier hand, Avhile fully appreciat¬ 
ing the clinical iuiportnnce of the extract, and 
furtlier enileavouruig to improve the aliincnta- 
lion of sick pernons hy various modifications of 
this invention, proposed to liring meat extract 
into emunievoe as an article of food, and to make 
its niaiiufacture the ohjeet of industrial enter¬ 
prise on a larg(' scale. Hih endeavourB wore, 
however, wutliout siietK^ss until, early in 1862, 
George Ghnstian Giebert, an engineer, well 
acquainted with the iiK'at-jiroducing districts 
of South Amei'K'a, went, to Munich to receive 
instruction in tlu' luetliod of preparing the 
extract by Liebig himself, aided by von Pet- 
tenkofer, and thtm returned to Uruguay and 
established a manufactory on a considerable 
scale. In Novembm'. 1864, the first samples of 
Giebert’s manufacture arrived at Munich and 
! their quality far exceeded the expectation of 
' Liebig. He consented to Giebert’is proposition 
' that the extract should bear tho name of the 
' inventor, on condition that it should always be 
I free from fat atuJ gelatin, and that each con- 
j signnimit should be subjected to a gratuitous 
1 analysis by him or his delegate. 

The industry lias fiourished and immense 
; ai'cas of land are farmed to produce cattle 
' required for the manufacture of meat extracts. 

■ 'I’akc, for example, some facts connected with 
; the enterprising company which Liebig gave 
I permission to bear his name. The Liebig’s 
j Extract of Meat (.'omiiany farmed, in 1808, some 
; 28,494 acres of land, and the total herd of 
i Jiomcd cattle reared on this area was 12,000. In 
i 1908,' the acreage was l,302,386\nd the number 
i of eattJc 224,406, and in 1922 the acreage was 
! 5,250,000, of which 2,500,000 acres are in South 
Africa- -the total head of cattle carried on 
these areas being approximately 500,000. 
Striking as the figures may be as illustrating 
i tho enormous expansion of the cattle-rearing 
industry, they become still more impressive when 
, regard is paid to the fact that t^e cattle are no 
j longer, as in Liebig’s day, and according to his 
j own words, ‘ half-wild animals,’ but are bred 
1 from the ehoicest pedigree stock taken from the 
j farms of our best English breeders, 
j Each animal is allotted about 6 acres of 
i pasturage. The averag* daily amount of grass 
i consumed by one animal is 88 pounds; a nerd 
i of *250,000 would therefore cousume per diem 
I 22,000,000 pounds of grass, or approximately 
10,000 tons. Thus the yearly consumption of 
grass would moan not far snort of 4,000,000 
tons The composition of pasture grass. 
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according to the average of n largo nnnibor (T 
analyses, ia aa followa :— 

Per cent. 


Water.81)'00 

Proteins with a small quantity of 


nitrogenous extractives * 

. 3*50 

Fat ..... 

. 0-80 

CVirbohydrates 

‘.)*70 

Fibre ..... 

4 00 

Mineral salts 

2-(K) 


JOO *00 


This meuiiR lor a lii'u! of ^.'lO.ddO lu-iul 
cattle jjcr yepv a jood moUI in tin* li*riH ol grass 
of the lollowing quantities ol its individual soIkI 
constituents;— 



'I’oiia 

Protein or fIcHh-forniing subsiami 

•s 140,000 

Fat 

. 32,(«)0 

Carbohydraf-i's 

. 3SS,000 

Fibre ..... 

. 100,000 

iMineral salts 

80,000 


.800,000 

Balance due to SO ji o. of Wiiler 


jn grass .... 

:).2oo,ooo 

Total . 

4,000,000 


to secure uniformity in regard to consistency 
1 and composition of the finished extract. The 
J .trendy mass is thmi run off while hot into 
! JOO lb. tins, cooled, hermetically sealed and 
! dispatched to the European blending factories. 

; The extract is finished within 3 days of the 
' death of the animal. 

One thousand jiounds of lean meat, treated 
upon a manufa(!tnnng scale, funi'shes 31 Ihs. of 
' extract. A standaixl extiact manufactured as 
ilescribed contains an average of 18'25 p.e. 

. moisture, fii'.') ji.c. of organic matler, 20*25 p.e. 
of mineral subslamas. and yields an alcoholic 
extract of .57 ji.c. 

It should he as free as jiossible fr(»m gi'latiiio, 
fat, and coagulable or insoluble allmmen. Py 
lar the grislier proportion of the meat consti- 
tuenls, namely, the fihiine, gelatine-yielding 
tissue, and fat i.s therdoie rejected in the pic- 
fiaration ol ext met. 

Ijcmeiv, n tyi>ienl first grade extract', lias the 
following composition ;— 

Per cent. 

' Water.20-05 

' Orgaiiie maltei ..... .5S‘.52 

i Mineral matter .... 21*43 

■ JOO 00 


Simihiriy, th»‘ annua! amount of w atei consumed, 
basetl oil the fact of one animal i<*qiiinng 30 
litres }>er day, would amount to 700.000,(K)0 
gallons per annum for the herd. These figures 
relcr only to the stock of one company. The 
.Argentiiur, Uruguay, and Parairuoy rejuihlies are 
immense fodder-yielding tracts, ami the met.A- 
mor[»hoftis of grass ]>i'oceeds steailily and 
mmiterriiptedly ihiy hy day on a colossal scale. 
There are occasions when the ordinary grass is 
supiileinented by ‘Alfalfa,’ a rich clover corre¬ 
sponding to our lucerne and cuntaining a goiaJ 
projjortion of nitrogenous food. 

Method of manufacture. In piimijile the 
lines laid down by Ijebig, winch he eonsidefed 
essential to suecc.ss, ar<‘ still folh>w<‘d )»y tlu' 
Liebig Company. In the lust {>laee, the meat is 
hung in the cooling halls for J2 or mon* houis, 
then the fat and sinews are carefully removed, 
and the meat is fed to chujijang machines with 
revolving knives Emm the cliopjung maelnnes 
the meat emerges in chunks, which droji into 
mincing machines especially eonsinieted Jor the 
purpose. The meat emerges from those nuichines 
as imncemeat, and is then transferred lo the 
extracting pans, each (capable of holding about 
4 tons, in which it is left with its own weight of 
jmre filtered water. AfU'i’ the addition ol more 
water the mixture is heated to a temperature 
not exceeding U.5'’ by means of steam jackets. 
During this tiire fat conlinuonsly rises and is 
skimmed off. The more or less clear liquor 
is then run off ami tlu‘ woik of concentration is 
commonced. Eat is again akunmed off until at 
length the extract or souji is ]iraeiieally fat-free. 
Concentration jiroceeds again in vacnO, and 
during evaporation ii^ twice filtered before 
passing into the final concentrator, which la fitted 
with a revolving worm through w'hich low 
pressure steam is passing. Constant stirring 
during the final stages of evaporation is essential 

1 Kx0*2r.. 


The wincral nuilh r ronhuii'-: 

Combined cliloriiu; .... 1*88 

PlioHjibates jis 1\()^ .... b'OO 

Tho oTi/d/iic nnilhr ronlitnis : 

Total nitrogen ..... 1)15 

Distiihiifioii oj tin loliil vitnMjvn : 


Nitiogeu in fibiine and albumen . 

0-14 

„ meat liases soluble 

in alcohol 

5*04 

,, meat bases i<*nd\-ii’d 

insoluble in alcolml 

0-70 

„ gelatine 

0*02 

alluimoses 

1*73 

,. pe[)(on 0 H . 

il7 

Ammonmral nitrogen . 

0-05 

Creatine . , . . 

‘)*45 

. i *S5 

(4eatinine .... 

. 4*05 

Total . 

. 0*80 

I‘\it (ef her extract) 

, 0*12 


The meat base.s constituting the essential part 
ol the extract contain creatine, ereutinine, 
xantliiiK* bases, carnme, earnic acid, and other 
complex organiqbodies. 

Reference may be made here to the ratio 
betwi'o^? the creatine and tToatiiiine in the 
above analysis which is as 1: 2’(). Tlie ereatino 
of the meat has been altered to the anhydride 
creatinine by loss of water during evaporation. 
Experience has shown this to be reversed on 
storage, water being taken up and creatine again 
formed 

Whilst all commercial extracts are essen¬ 
tially of the same character, the proportions and 
derivation of the various constituents differ. 
The following analyses in Table I. may be taken 



MEAT EXTRACTS. 


240 


as representing the composition of the leading 
moat extracts on the British market:— 

Table I. 

Average composition of 

Povril for 



Oxo 

Povril 

n() 3 - 

pital 

Uxo 

Inva¬ 
lids (en¬ 
riched) 


p.c. 

p.c. 

pc. 

p.c. 

Water . 

40-42 

44 -09 

28-35 

29-63 

Organic matter 

40-42 

3 H -65 

55-12 

54-36 

iMineral matter 

19-16 

17-26 

16-53 

16*01 

1911-00 

J(K) 0 () 

100-00 

100-00 

T/te mineral matia coitlains : 
Combined chloiinc (>-70 (.-OT 

.5 06 

1 23 

l^liusp)mtc.s as b 

2 69 

2-48 

2 41 

3-21 

The organic naitio (onlii'in-'< : 
Total nitrogen . . 5-!>5 5 -K 2 

8 37 

8 4 *; 

DistribnUoii of tfi 

< folaJ 

mtnKjen 



Nitrogen in libnno 
and albumen 

0-88 

j -06 

J -51 

1 89 

Nitrogen in nu'at 
liases .soliibk; ni 

alcolutl 

2 11 

2 ' 3 (i 

o 

2 -(>(i 

Nitrogen in meat 
basi's rcn(leie<l in- 

soluble in alcnhu! 

0 50 

0 -(iii 

0 70 

0-77 

Niti-og(’n m g(‘laiine 
and hydioli.setl 

gelatine 

]-24 

1 03 

2-87 

2 -52 

Nitrogi'ii in albn- 

inosi's 

0 21 

0-20 

0 0 

0-14 

Nitrogi'u 111 ])cj)- 

tones 

0-67 

0-49 

0-98 

0-42 


— 

- - 

— 

—— 


5-91 

5 HO 

8 31 

8 40 



_ _ 

_ 


(h-e.iliiie . • . 

J - 6.5 

1 -65 

1-76 

J -75 

(.'rciitimiK- 

i lil 

]-44 

1 37 

1-52 



_ 

- — 

_— - 

'J'otal . 

3-26 

3 09 

3-13 

* 3*27 


A jiru'tnc has aus<'n of mixing moat 
cxlra{ls with cxtijKUs of 'I’lio extiact ot 

3 'east iias vahial)](‘ diotolio jirojtcitu'H and 
contains tiio active primaplos of fonnontaiion. 
It al8o«i‘eH<;mb]os, in many rosjiects, physically 
and olioniically, but not tn taste, extract of 
meal. The addition of more than 2 p.c. of this 
to a meat i xtraet imjiarts a distinctive taste. 

According to Wiley tins presence of yAist 
extract in meat extract can bo determined 
by treating the mixture with a strong solution 
of zinc 8ul])h:ito and filtiTing. in meat 
extract tlie hit rate obtained is always quite 
clear, but when a yeast extract is present the 
filtrate is turbid. Ilohner ^ijiphed the Folin 
reaction for the estimation lif creatine and 
creatinine in meat extracts, and as yeast extract 
contains neither creatine nor creatinine, the test 
is of importance in determining the source and 
value of a meat extract. 

The Folin method for tho estimation of 
creatinine is a colorimetric one, based on the 
fact that creatinine gives ivith picric acid, in 
presence of alkalis, an orange to deep red 
solution, the intensity of the coloration 
depending upon the amount of creatinine 
present (Zeitsch. physiol. Chem. 1904, 41, 
22:i). Folin recommends the use of Dubosq’s 


colorimeter for making the colour com¬ 
parisons. 

The test is carried out as follows: With good 
quality extracts b grams are dissolved in water 
and the solution made up te fiOO c.c.. 

Creatinine. 20 c.c. of this smution are 
taken for the determination creatinine, viz. 
0’20() gram of extract. To 20 c.c. of the solu¬ 
tion in a f)00 c.c. flask are added 20 c.c. of picric 
acid Bidution (saturated) and 5 e.e. of a 10 p.c. 
caustic soda solution. 

The mixture is sliaken and allow'ed to stand 
exactly minutes, and is then made up to 
r>(K) c.c. With [»ure water at 18°, and«itH colour 
comjiaicil with liiat obtained tnffli a standard 
solution of juitassnim dielironiate (2‘l‘»j(l5 grams 
per lit re). 

All colorimclne readings are made willi a 
Ihibosq coio'jimder, liaving the left-hand 
cylinder iixed at exactly 8 mm. depth of 
bichromc solution. 

'J’lie following ri'adiugs ivere obtained:— 


•Juffe'.s formula 
8-11)81-(tOlOitO mgms. 

creatinine, 
mgms. found iu 
0-2 gnu. 


Avciage S'l I mm. 

0 2 : ](KI : :0 0090 

a;~4 99 p.c. creatinine. ^ 

Total creatiiuHf anO rri'iilnie. 15 c.c. of tho 
extract solution (5 grams in 500 c.c. water) 
~0-J5 gram extract, are j)lacc(l in a porcelain 
basin 8 cm. diameter, and JO c.c. ot normal 
11(1 (I c.c.—0-0305 gram HCl) added, and 
slowly ev^ajiorateil to (Iryncss on a water-bath 
taking at least 2 hours lor lln* evaporation. The 
resKhu' is thssolved in 15 c.c. of water, then to 
the <-<uitcnls in ilic basin 20 c.c. jiicnc acid are 
added, and 5 c.c. of tlie cau.stic soda solution. 
The mixture is stirred with u glass rod, and 
exactly after 5 minutes’ staiulmg trunsforred to 
a .500 e.e. flask, the basin being washed out 
s(>veral times into tlie tlask, and tlie liquid made 
up to 500 e.e. at 18°. Tlie following readings 
were obtained:— 


8-2 mill. 

8 1 mm. 

8-2 „ 

8-0 „ 

8-1 „ 

8 0 .. 

H-1 „ 

HJ ,. 

8-2 „ 

Hi 

S-IC) „ 

8-o(; „ 


8-4 mm. 
8-4 

H-5 „ 

8-4 „ 
8-4 „ 


8-5 mm. 
8-0 „ 
8-0 „ 
8-C .. 
8-5 „ 


Jaffo^s formula 
8-49)8F00(y-54 nigma. 

creatinine. 
9*54 ingms. found in 
0-15 grm. extract. 

8*42 8-50 „ 

Average 8‘40 „ 

AsO-lO; 100:: 0-00954: a-. 

5-30 p.c. acid treated. 

4-09 p.c. creatinine. 

1 -37 creatinine duo to creatine. 

T1 (> factorfor converting creatinine to creatine. 

1 -37 X1 10=1 *5892 creatine. 

•Corrected results; 

Creatinine .... 4*99 p.o. 
Creatine . . . . 1*50 

6*58 .. 
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In carrying out this test care must be taken 
to observe all the details as regards: 

(a) Strength of solutions employed ; 

{h) Time of contact; 

(r) DiUtum f)f original liquid ; 

(rf) Depth ni mm. of the unknown solution 
should 1)0 within the range of 7 min, and 
It mm. ; 

{ft)'J'emperaiureto he as near Di'XJ. aspoHsiblc 
With extracts tiiat yield low creatine and 
creatinine figures it is necessary to treat tlie 
extract before applying tlie teat. Ki-AO 
grams of the sulistaiiee are dissolved in the 
.smallo.st bulk of wai<*i ])o.HSihle. Then e.c. 
raothylated Kiunis are add(“d and allowed to 
stand for J2-lt» Louis, tiHer<‘<}, the alcohol dis¬ 
tilled off, tlie residue dihsolved in water, ami 
made uji to lt)l) e.e., an aliquot, ]Kirt, not exceed¬ 
ing 20 c.c. being taken for Ibe estiiiviition. 

It has been [Hiinte<l out by -lalTo (Zeitsili. 
physiol. (JIkmti. ISSb, JO, llOl), anti inoi’c 
recently by A. t'. (Jhaiunaii (The Analyi^t, ^Jov. 
1909), that other Hiibstaiiees, siieli as aeetonc, 
dextrose, and lawulose redm-e pieiic luid and 
])roduce the same coloration W'Imn the 
pre.senco of any vetluciug siil'stanct' othei than 
creatinine is susjiected. ^iielinnnarv treatinont 
with inothylatod sjiints is dtisirable. r further, 
ORBATitJr/and (htBATiNiNis, Vol. (f. ])p. 4lo and 


portion of the extract soluble in ethyl alcohol, 
80 p.c. by volume. 2 grama are; weighed out into 
e small Soxhlet flask, 9 c.c. water added, and the 
extract dissolved without warming, fiO c.c. 
alcohol (93 p.e. l>y volume, 8p.gr.=0-8234) 
8lt)wly added vith geiille shaking, allowed to 
stami over night at 18'^, ami then carefully 
]ioured from the tast-siiidung maM.s into a 
weighed porcelain basin 70 mm. diameter and 
34 min. d(M;p ; the alcohol is evaporated slowly 
on a water-hath at 70‘^-75°. In order to 
prevent creeping the liasin i.s jilaccd on a layer 
of fianiud over the iiole in the hath, or in a 
eopjier basin soldiu'ed into the o]»ening in 
the hath and ha\ ing a layer of sand between the 
eojijK-r and ])oieelatn basins. Meanwhile to the 
insohil»!i‘ mass in the llask 00 e.c. alcohol of sp.gr. 
0-8039 (80 p.e. by voluim*) are added with gentle 
shaking and allowed to stand at until the 
first aU;ohohe solution is (‘vaporated wlien the 
s4‘eoml ])oi(ion is doeanted into the basin, and 
this again evaporated until the contents have 
I the consistency of honey. 'Die basin is then 
j dried at 98“ in the water-oven for exactly 0 
I hours, cooled 20 minutes in the desiccator, and 
' quickly weighed. 'Die extraction temperature 
! must i;e within or variable lesulta will 

, he obtained. 
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Methods of analysis. Iwu the (‘xamiimtion ; 
of eoinmereiai liigii-grade i-\tiai ls the following \ 
inellltid IS apj)lied. j 

In some meat e.vtiatts during the cooling in j 
pots, crystals and other solids settle to the , 
bottom before the mass heeoim-s .sonn-solid, | 
consequently the material must be well mixed 
without warming before aiialysis. 

Water. 2 grams are evenly spread by means 
of a glass roil round the itiMidi* of a poicelain 
crucible 37 inm. high and mm. wide on top 
to within 10 mm. of to]) edge; dried lor 30 
hours in a watcr-ovini at a hmiperature of 97°, 
cooled for 20 minuteain a desieeator <ivei vitriol 
and quickly w’eiglicd. A Moslinger’s cellular 
wati'r-oven is host for this class of work. 

2 grams are wiagheii in a ])laiinum 
basin and slowly burned without the hasin i 
becoming visibly red. The burner employed 
has a roimd cover 7 cm. in diann'ter with 28 
holes, eacli 1 nan. in diameter. After earhonis- 
ing, the mass is crushed twne and the ash 
obtained should be a greyish-white without 
showing fusion—too strong or too quick ignition 
will cause loss. 

For absolutely correct ash estimation the 
basin is put on an asbestos sheet to protect the 
contents from sulphurous acid of the gas, or 
better still, burned in an electric furnaci; at 
0-8 amiiferes lAit-il the ash is eli'.ir grey. 'I'his 
is weighed when cold and washed into a small 
beaker, acidified with nitric acid, and warmed 
until the light brown coloured matter coagulates. 
Filter and use tho filtrate for the chlorine esti¬ 
mation, wash the earbonaceoiis matt-er from the 
filter into a small eruoiUle, di-y at 100° and weigh. 
Deduct this carbon from the former weight to 
got the true pure ash. 

The chlorine is estiraati'd in the acidified 
filtrate from the ash gravimetrioally, as phos¬ 
phates interfere with the volumetric estimation. 
Alcoholic extract. By this is meant that 
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Modified Stiitzer method, 39 giams are 
w’eiglied, du'.'iulved in water and made up to 
259 (• e. A fan average saiiqde is thus obtained, 
and all estimations ncces.sary can he begun the 
same day. 

Moisture. 1 'leaned ignited Calais S)ind is jiut 
into a flat nickel basin 9 cm. in diameter along 
with a. small glass stiinng rod until the whole 
w'eighs exactly JOO giams. Dfied in steam oven 
until weight is ct)nstant, then 25 c.c. extract 
solqtion aihUsl (-giams extract), stirred 
I amongst the sand, evaporated until granular on 
a water-hall), traiisforied to a steam oven for 
30 hours, cooled and weighed. 

Ash. 25 e.e. (=-3 grams) evaporated and 
earhoiused. Owing to the ([uaiitity of earbon- 
accoii.s matter the ostiination of ash cannot well 
be made direct, herme the charred mass has to 
be extracted thriie limes with boiling w'ater, and 
; filtered through an nshless filter ])apcr into a 
jKUcelam basin, the char and filter papier burned 
otf in the platinum basin, and tho filtrate put 
back in the platinum basin, evaporated, dried, 
ignited gently, and weighed. The ash is 
dissolved in cold water, acidified with nitric acid, 
made up to 250 e.c., and used for estimation of 
chlondes and phosphates. 

Chlorides are astiniated gravimetrioally in 
60 c.c. • . . ^ 

Phoiphates arc estimated by the molybdate 
and magnesia mixture method in 60 c.c. 

Fibrine and already coagulated albumen. 
25 c.c.(=3 grams) are diluted and settled in a 
100 c.c. cylinder over night. Tho top liquid 
decanted and the residue either transferred to a 
oounterjioiscd filter, washed, dried at 100°,^ and 
weighed, or the residue transferred to a centrifuge 
tube, washed, and the nitrogen estimated by 
Kjeldahl’s method. 

Soluble albumen. The decantations from the 
above are acidified with acetic acid, boiled for 
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5 minutes, settled, filtered, and weighed or i 
treated by Kjeldahl s process. If the total ftbrine 
and albumen together be required, then it is only* | 
neooHsary to acidify 25 c.c. of extract solution 
diluted to 100 C.C., with acetic acid, boil for : 
.5 minutes, settle, liltcr, and either weigh at, 
100" or estimute by Kjeldahrs method. 

Gelatine. 25 c.c. of extract solution { —U i 
grains) aro jiourod on to asliestos fibre in a j 
small porcelain basin, evaporated to dryness, 
extracted with 93 p.c. ali^ohol tliree times, then 
with icC'Cold water containing 10 i).c. alcohol, 
until the decantations are free from colour {the 
temperature must never rise above 5'). '(’lie 
gelatin is either dissoKeil and wasluMl from the 
asbestos and treated by Kjeldahl's [uoecss, ortlio 
asbestos and gelatine may be put direct into Hie 
KjcldahJ flask. With some extracts it is bettor to 
take2.'"* c.<'. extrae-l solution, and, without eva])orv 
ating, add 250 c.c. motliylatcd .spiiit, stand H 
lioiiJii, doi;ant oif alcoliol from the sta ky mass 
and wash with 10 p.c. ice-cold alcohol until 
free from colour, tlum tn^at by the Kjeldahl 
method. 

Total nitrogen. Jo c.c ( -1-2 gram extract) 
are treated by Kjeldabl’s niothod direct 

Meat bases soluble in alcohol. 25 c.e. ( 3 
grams extract) taken ni bcakm’, 250 c.c. ubsoluto 
alcohol ad<lcd with constanl stirring and .settk'd 
for 12-10 hours. The filcohol passc<l through 
filter into a 500 c.c. round-bottomed llask, the 
residue washed twice with 25 c.(;. absolute 
alcohol, and tlie alcohol distilled off, standing 
the flask inside a watci'-halh. 'I’lie meat bases 
are then treated by the Kjeldahl proc-ess in tlie 
flask without transference ho as to avoid loss. 

Residue insoluble in alcohol. The insolubio 
residue from the absolute alcohol is dissolved iu 
water on the watcr-balh. A few drops <tf acetic | 
aind added to coaijulate the soluble albumenoids, i 
then boiled and lilteri'ij int(» a 250 c.c. ilask 
for the estimation of gelatine, albuimisos, jkud 
peptones. The residue on the liltin', consist¬ 
ing of fibrine and albumen, may be treated 
by Kjolda’il's method as a check on f«)rmer ! 
estimation. I 

Total nitrogen in gelatine albumoses and 
peptone fraction. 50 c.c. of the 250 c.c. taken 
for the 4Cjeldahl process. ^ 

Albumoses and geiatine.'SO c.c. of the 2.50 c.c. 
are taken in a porcelain basin, and powdered , 
%ino sulphate crystals added with frequent stir- | 
ring until saturated and allowed to stand over¬ 
night. The precipitate is filtered, washed with 
saturated zinc sulphate solution, and subjected 
to Kjeldahl’s process. The filtration of the pre¬ 
cipitate is slow, but proceeds steadily, and works 
better if the liquid is rendered slightly acid with 
sulphuric acid (1:4). • 

Peptones, albumoses, and gelfKlne. 50 c.c. of 
the 250 c.o. are put into a beaker 50 c.c. sulphuric 
acid (1:3) added, and an excess of jihosphotung- 
Stic acid, prepared by making a strong solution 
of sodium tungstate in boiling water, and adding 
phosphorio acid with oontinuod boiling until the 
mixture gives a constant acid reaction. 

An alumina-like precipitate is formed which, 
if left for a few hours, filters fairly well. The 
precipitate is washed several times with dilute 
sulphuric acid, and then treated by Kjeldahl’s 
method. This operation has to be carefully 
conducted as the precipitate causes bumping. 


The nitrogen from this estimation comes 
almost up to the total nitrogen of the section 
insoluble in alcoliol, but a little of the moat 
bases are sometimes rendered insoluble by the 
alcohol, and the traces obtained by difierenco arc 
to lie added to the meat bases. Having obtained 
the gelatine ligure by a separate estimation, then 
(gelatine and albumoses)—gelatine-albumoses, 
and (gelatine 1 albumoses j piqiloiies)-- (gelatine 
f albumoses) —peptones. 

Ammoniacai nitrogen. Traces only of this ai-o 
present, 50 e c. of the standard extract solution 
( - (i grams extract) are distilled with barium 
ciirlxmate into stamlurd acid. 

All iiifr(*e:en ilelcrminations ai'ifmade by the 
KjeJdahl-duiiriing method, using about 25 c c. 
mtrogen-tree vitriol to start with. After 
Irotlimg, and llio thick carbonaceous mass has 
disai)pcared,i(> grams of potassium sulphate and 
a small cryslal of copjier sul^ihate are added. 
Heating must bo continued until the yellow 
colour lias changed to a clear blue, indicating 
complete oxulation. In distilling off the am¬ 
monia it IS })vof<Table to use steam with a small 
flame under the alkaline liquid to prevent dilu¬ 
tion by comhmsatiori, insUnid of a naked flame 
under tlie distillation llask. Zinc-dust is added 
to separate t he copper, and to prevent bumjnng. 
'I’he period of ilistillation should be -10 minutes 

In calculating the percentage of the various 
nitrogenous comjiounds ui extracts it is usual to 
use tlie factor N <0-25. This is not, however, 
strictly accurate, but is generally accepted aa 
the best ajijiroximarion to the truth. Analyses, 
therefore, should disclose the actual nitrogen 
tigures obtained. The use of nitrogen factors is 
discussed in Analyst, 19J5, 40, 310-320. 

An auxiliary method for tbo cHliniatiou of 
gelatine and hydroiised gelatine is that of 
Ueckmann (Forwchungs Berichte, 189(), 3, 324) 
based iijion the fact that gelatine and albiime- 
noids are rendered insoluble by formaldehyde. 
3 grams extract dissolved in 20 e.c. cold water 
are treated with 3 or 4 drojw of forinaldehydo 
solution (40 p.c. strength) and evaporated to 
drym^ss on a water-bath and for 2 hours in an 
air oven, then moistened with a 5 p.c. formalde¬ 
hyde solution, and after standmg 5 minutes, 
warm water, is added and allowed to 

digest 15 niimiU^s, the water is then decanted, 
and the washing repeated until f*oo from colour. 
The insoluble mass is subjected to the Kjeldahl 
process. Care must be observed to use a for¬ 
maldehyde solution which is neutral, since free 
acid aliccta the reaction. 

A convenient method for the determination 
; of the total soluble proloids in extract is based 
i on the fact that halogens preeqatate those 
i bodies. Bromine water is for convenience 
■ employed. Alien and Bearle tal* 1 gram of the 
i substance di.ssolved in 100 c.c. water in a flask 
' and acidify with dilute hydrochloric acid. A 
eonsidiTable excess of bromine water is added 
and the liijuid shaken for some time. The 
precipitate is allowed to settle for several hours, 

, the supernatant liquid Mecunted through an 
i asbestos filter, the precipitate washed with cold 
j water and treated by Kjeldahl’s method. Van 
' Slyko's method of protein analysis (Vol. IV. 403, 
! and Blimmer’s Biochemistry, 1916,146-149) has 
I been ap])Ued by Hartley to the determination of 
’ the amino nitrogen contents of meat extract. He 
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found that of the total nitrogen 12 p.c. was in 
the amino form, l>oing liberated on treatment 
with nitrous acid. The method can be carried 
out in fifteen minutes, and enables the analyst 
to at oncQ, differentiate tlic various forms of 
nitrogen in this and similar subetancos (see 
Analyst, 1015,40, No 472, 310-H20; cf. Smoro- 
dmzcr, Zeitscli. physn*!. Chem. 1014. 02, 214). 
On the ehanges in the eomposition of tlie nitro¬ 
genous eonstituents of moat extracts, .see Wright, 
,1. Soe. (!hem. Ind. 1011, 30, 1107 ; ibid. 1012, 
31, 17(i. V. S. 

MECCA BALSAM. OjxMsau, ; Holm of 

Ollpod {v. OnEO-HKSlNM). 

MECONieACID, MECONIDINE r. Opicm. 
MECONINE >\ T^aotone.s. 

MEDINAL. A sodium eoinjiound of veronal. 
Used as a hyjmotie. 

MEDLAR. The fruit of gmniDuco 

(Linn.). When fresh, the fruit lias a yeJlowish- 
wluto lies}), whi<4i is liard and of an uii])leasant 
astringent faste; on keeping for some wi'eks, 
the flesh b(>eome.s brown, soft, and dougliy, 
and posse.sses an agreeable flavour. In tlie 
latter condition, llerseh (Jjandw. Versiielis. 
Stat. 1800, 4ii, 471) exammial llie various ]>arts 
of tlie fruit and obtaiiKnl tlu' following results 

Pereentage wiinlc fruit Km.l l-lcsh 
of dry matter 30*0 30*0 2P8 01*0 

The dry matter eonlainod— 

other 

l*ro- Invert M-free ('rude 
telu Pat biiKur extract fibre Ash 
Whole fruit 2-70 H)! 3()'08 40*08 10*20 2*82 

Rind . 4*12 2 00 --- 72*02 17*51 3*00 

Flesh . 2*02 0*57 48 50 37*03 7*35 3*27 

Pips. . 2*55 0*02 40*00 48*52 1*05 

Malic aeid, aeelie acid (0*03 p.e.) and alcohol 
were jireseiit. 

'I'he asli of tlie medlar has been found to 
contain about 0*3 ]).e. liuion tiioxide. In the 
N-free extract there i.s a consuhuabte jiortion of 
pectin matter. * 11. I. 

MEDULLADEN e. SvN rinri'ic' niuK!.s. 
MEDULLIC ACID (L„H^,*('0,H. m.]). 72*5^ 
an acid found as a glyceride in beef suet and in 
beef marrow, associated w'ith oleic and palmitic 

MEERSCHAJOM or SEPIOLITE. A hydrated 

magnesium siheute HaMgoSigOjn, oceiirniig as 
nodules and compact masses, of wliite, grey, 
or creamy colour, h'rom its apjiearance and its 
extreme lightness (sp.gr. about 2) it has acquired 
the name of mevrxrftnum or ‘ sea-froth ’ (Icumr dc 
mer), althougli it is sometimes described by mine¬ 
ralogists under tlie name of stpiohtr, a word 
introduced by (docker to indicate its ms'emblance 
to the light white ])orous material known as the 
bone of the cuttle-fish or sepia. Meerschaum is 
a soft mineral (hardness 2-2*5), easily carved ; 
has a greasy feel, and readily adiieres to the 
tongue. In consequence of its porosity, a 
meerschaum pipe absorbs the oily matter of the 
tobacco ; and for a life reason the projiortion 
of water jiresent m the mineral depends on the 
humidity of the atmosphere. In a mftist 
atmosphere the compofution corresponds with 
2MgO*3Si()2*4H2(), with 21*7 p.c. water. About 
half of this water is lost over sulphuric acid, and 
the remainder is expelled only at a high tempera¬ 


ture, about Up to this temperature the 

mineral retains its ojitical characters, the formula 
being then 2Mg()*3Si()2‘2H2U (with 12*2 p.c. 
water). 1’he following analys(‘s illustrate the 
comjiosition of metTschaum :— 
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Meerschaum is found as noilulnr ina.sses in 
alluvia! iIcjiohiIs in tli(‘ ]ilains of F-ski-Shehr, in 
^sia Minot*, wlierc it is associated with comjiact 
niagnesiLe (Mg('();,) and scf]*(*nline. It is here 
dug from a number (now some 1270) of shallow 
]uts, from the iKittom of wlucli .short galleries 
are occasionally run. The nodules are scraped 
free fnjiii eartliy matter with a speeial knife, 
all* (li*H“d, ]M)lisIu‘fl witli wax. and sorted into a 
number of grades and sizes (.7. Soe. Aits, 1000, 
57, •111). It also occurs at' Ixiltschik. near 
Konieh, in Natolia : in (ircece, Ki'groponte, and 
Samos: in Moravia; with mugncsite and 
Her|>entine at Kraubat in Styiia ; and in New 
Mexico. In New Mexico it occurs as noduh-s 
and .seams in limostune. and lias been cxiiloited 
at two localitie.s, nain<‘ly (Ola valley and Pear 
(Veek in (trant County (1>. Ik Steiiidt, linll. 
U.8. (tcol Survey, 1008, No. 340, ItKi). At 
Vallecas, near Madrid, it is said to lx* used as a 
hglit material for constnictive ])iirjjo.ses. Meer- 
sciiaum has been eiiijdoyed as an ingredient in 
]M)reelain, while in Turkey it is used, wlicn fresh, 
ill tlie place of soap, and as a kind of IuIUt's 
eartli. From the Fast large iiiianlities are .sent 
to Vienna to h<- i-arved as tobacco ]iqK^K. I’lie 
])i]>cs arc iircqiarcd foi* use by Tienig soaked in 
molted tallow and wax, and tire polished with 
shav«‘ grass. Imitations are lubricaL-d in 
plaster of Paris hur(l<*ned with jiaralTin, and in a 
preparation of pot.atoes treated with dilute 
sul})hui*m acid. ]>. 4. 8. 

MEGASSE. 8pei\t or eruslied sugaP-cane. 

MEILER. The (lennan name foi- the slaidi 
of timlxT piled up for burning into ebarcoal {v. 
Cajibon). 

MEKOCYANIN v. A^TiiocYANiKs. 
MELACONITE or BLACK COPPER. Cu])ric 
oxide, ('uO. crystallised in the inonoelmic (or 
perhaps triclinic) system. As a black, sooty 
powiler, soiling the lingers, it i.s of frequent 
occurrenee on the* w’catlu‘r('<l sniface of cojiper- 
pyrites and other ores of copper. Jn the massive 
form it ns soitietimcH found in (xiusiderable 
quaniitif^, suflicient tor use as an oic of copper, 
r.g. in the Ducktown mines in Tennessee, 
Popper Uarbor, or Lake Superior in Michigan, 
Bisbcc in Arizona, and C'opiapo in (Tali. (Jrystals 
are rare and have tlie form of minute scales with 
a steel-grey colour and brilliant metallic lustre ; 
sp.gr. 5*82. They have been found only in 
Pornwall and on lava at Vesuvius. The name 
fenorite was applied to the Vesuvian crystals; 
and the name melaconite (from black, 

and k6vis, dust) is more properly used for the 
earthy, probably colloidal, form, which contains 
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admixtures of hydrated silicate and carbonate 
of copper and grades into melanochaioite (G. A. 
Koenig, 1902) and pitchy copper-ore. E. J. S. 

MELANTERITE or IRON VITRIOL. Hy¬ 
drated ferrous aulpliatc, FeS 04 ' 7 H 20 crystal¬ 
lised in the monoclmic system. As a mineral, 
this is usually found as a white, silky, fibrous 
efflorescence, resulting from the decomposition 
by weathering of irou-pyrites aiul mareasite. 
Stalactitic and concretionary masses also (K‘cur, 
but well-formed, green crystals siniilar to those* 
obtained artificially are rare, ft is of wide 
distribution, but usually only in small amounts. 
Considcrabh* quantities were, however, formerly 
obtained fnim the pyrites mine at Goslar in the 
Harz. J^. J. S. 

IVIELD0LA*S BLUE v Oxazine coloukinu 

MATTERS. 

MELDOMETER. An instrument designed 
for the pnr])os(i of ascej’taining the melting an^ 
Ixiiling points ot small quantities of snhstanoos 
It consists «*s.sentialiy of two pairs of forccjis 
mounted on a stage and carrying bi'tw'een them 
a thin platinum ribbon, 'riirough this iibbon 
an olcctiic current may be jtaHsed, the .stiength 
i)f the current being rogiilutcd by a carbou-mer- 
oury ihcosl-at. 'J'lii* apjaiiatus is mounti'd (»n 
the stage of a enmiiound mioros(;o]ic, provided i 
with a 1-ineli ohjeclive. I'he substanci* to be 
examined is placed in focus on the platinum 
ribbon, and tlien tiie current is gradually in¬ 
creased until the subst.inee is melted <u vokili- 
iised. I‘'xperiment8 made in this way sliow 
interesting jihimoiiiena, su(ri<a«‘ntlv character¬ 
istic 111 many cases to identify a substance at 
once, lly airangmg side by side different frag¬ 
ments it IS easy to find th(‘ir order of moHing- 
poirits with greater exactness than can be the 
case when the hlow-]>ipc is employed. 

1'hi^ meldonieter is also of value in studying 
sublimates. A jui'ce of glass is lield over the 
fieated strip and ujioii this the sublimate de- 
jiosits. A long senes of trials have led to tlie 
coniJusion tlnit the appearances so obtaineJ are 
excellent as tests to the mineralogist and 

c. hcini.st (J. Jolv, [ndustnes, J889, 29, and 

d. kSoi (^heni. Ind. K, 30(»). 

MELEZITOSE v. Carbohydrates. 
MELIBIOSE r. ('arbouydratks. 

MELICITOSE 0. Carbohydrates. 

MELIUTE. A rock-forming mineral con¬ 
sisting of silicate of calcium, aluminium, iron, 
m-ignesium, and sodium, crystallised in the 
tetragonal sy.stem. The formula is uncertain, 
and, like the allied minerals gehlenite, aker- 
manito (known only as an artificial juoduct in 
slags), and fugu'*nte, its composition may be 
c.xplaincd by isomorphous mixtures of the 
following molecules: dCaO’Al^Og'SSiOj (sarco- 
lilc), 9 Nu_,()'A1^0:,'3Si 02 (athyjiothctical soda- 
sarcolitc), 2 (’a 0 *Al, 203 ‘Si 02 (^lardefiite), and 
akormanite (dMgO’SCaU'UyiOa). Melilii-e foriiifl 
short square prisms resembling culies; its 
Colour is white, grey, yellow (hence the name, 
from fjifXiy honey) or brown. Sji.gr. 2'9-3‘l, 
H. a'). Tt occurs principally in volcanic rocks 
poor in silica and neh in alkalis, e.g. in mehlitt*.- 
basalt and in the loucite lavas near Home. It 
is also found in the blocks of metamorphosed 
limestone enclosed in the vesuvian lava on 
Monte Somma. It is frequently found as well- 
developed crystals in the slags of blast furnaces, 


and has been observed in IVntland cement 
clinkers. L. j. y. 

MELINITE V . Explosives. 

MELISSA. The leaves and tf)p8 of Melissa 
officinalis (Linn.) contain a small quantity of a 
volatile oil. They are used occasionally in the 
form of a w'arni infusion as a diaphoretic in 
alight febrile conditions. 

MELISSIC ACID is obtained 

by heating meli.ssyl alcohol with soda-lime at 
220° until hydrogen ceases to bo evolved 
(iStiircke, Atmalen, 222, 295); m.p. 91° (Mario, 
Ann. (‘him. Phys. |vii.]7,145); 90"(lloidu8chka 
and (Jarcis, J. pr. (.2iom. 1919, [ii. j 99, 293. It is 
jirobably irlenticul with an acid found in beeswax 
(Nafzgor, Annalcn, 224, 225; •Marie, Lc.); 
aciuu'ding to llciduschka and Garcia, the acid 
from bee.swax has the compositiun (' 3 iH «..02 
and melts at 88-5°. 

MELISSIN, MELISSYL ALCOHOL Waxes. 

MELITOSE, Roffinose (e. (Urbohydrates). 

MELLITIC AdiD. Bii\zmehiX(tc(irhoxtjhc 
acid (Or. Mdhthsuure) (.'«(('02H)g. Ob¬ 
tained by oxidising cliarcoal with fuming nitric 
acid, fuming nitric acid and potaasiiim per¬ 
chlorate, or with isiiljiiiuiic acid (Dickson and 
Eastcrlickl, (.’hem. iSoi;. Proc. 1898, J(^2; 
iStaudcnheimer, Her. 1899, 2824; Uiibncr, 
(.'bcni. Zoit. 1899, -149 ; Vcrneml, (lonijit. rend. 
1997, 132, 1349; Pailoli and Papasogh, Gazz. 
chim. ital. 15, 549; .Sehulzc, Ber. J87J, 802, 
809; Meyer and Steiner, Monatsh. 1914, 35, 
475; also v. infra). By tlie elcctiolysis of 
alkaline solutions, using graphite- electrodes, 
mellitic acid (V'-OdOe^ liydromcllitic acid 
G dl)e, and jiynmidhtic acid 

arc formed (Partoh and I'ajiasogli, Gazz. chim. 
Hal. 1882, 113; 1883, 37). Also formed 

together with ))yroinelli(ic acid as a decom¬ 
position produet of sugar (Lqipmanii, Bor. 1894, 
3498 ; lOid. 1917, 50, 239). Has been syntho- 
siseil by passing a cniicnt of methyl chloride 
through a warm solution of toluene containing 
aluminium cblorido and oxidising the hexa- 
methylbcnzenc thu.s formed with potassium })er- 
manganate (Piicdcl and Crafts, Compt. rend. 91, 
257 ; Ann. (Iiim. Phys. [vi.| 1, 470). Mellitic 
acid IS best ]uej)ared m the following way: 
Carbon, line enough to pass through an 80 or 90 
sieve is boded vigorously with ijitric acid (sp.gr. 
1*5) until the liquid becomes faintly amber in 
colour; this usually lakes 3 days. The excess 
of nitric acid is distilled olT at 130°-140° and the 
i residue, containing 80--90 |).e. mellitic acid ex- 
I tracted with water (H<»lliday & Sons and 
I Siberrad, J. Soc. (!heni. ind. 1908, 522; Eng. 

I Pat. 24002; D. 11. P. 214252). According to 
Michael (Bor. 1805, 1031), the raw material may 
be purified by boiling witli acetic acid, filtering 
and concentrating the filtrate. 

; For its pnqiaration from dii'thyl mesitylone, 

' see Philqipi and llie, Monatsh. (Jhem. 1921, 
42, 5. 

.Mellitic acid decomposes when heated in an 
open tube at about 2()0° and has no definite 
melting-point under these conditions, but when 
liAted in a closed tube melts at 286°-288° 
(Michael, Ber. 1895, 1()31); crystallises in long 
needles, soluble in alcohol and eti^r: heat of 
formation, 546-8 cal.; heat of combustion, 
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788*2 cal. (Stohmann, Klebor, and Langbein, 
J. pr. Chem. [ii.] 40, 128); heat of golution 
+3*672 cal. at 20*4° {Berthelot, Compt. rend. 
101, 685): dissociation of acid (Quartaroli, Gazz. 
ohim. ital. 1005, 35, i. 470). It dissolves un¬ 
changed VI boilitig sulphuric acid, and i.s not 
acted dll by oJilfinno, bronimc, concentrated 
nitric or hydriodic acids. Dry distillation yields 
carbon dioxide and pyroinelhtic acid, and by 
strong heating with glycerol tniiicsjc acid and 
carbon dioxide are produced. When mellitic 
acid is subjected to the action ot dehydrating 
agents ii is converted into the anhydride ot 
pyronicliitic acid, by boiling nuillitie acid with 
benzoyl clilorule mdliiic aiihi/dridc 
separates inbolouilcss (uystals,insoluble in cold 
water, but uniting with W'anii water to fomi 
mollitic acid. It gives characteristic colora¬ 
tions with various solvents, (•.</. rosi'-rcd tr) 
bluish-ro«l with naplitlialtiiic, n?»i*ne iiheiiiin- 
thrcnc, and fluorenc, ami bluish-green with 
nitrobenzene (Meyer and Slcimu', ber. lhJ3, 46, | 
813’’; Moiiatsh. Ihl4, .35, 475). by fusion w'ltli j 
caustic soda, benzene and carbon dioxide are i 
formed (Baeyer, Annali^n, Su|)pl. 7, .5); reduction 
with sodium ainalgain yields hydionudlitic acid. I 
by the eliK'tiolysis of tiui aijiu'ous so]uti<.>n, the ! 
chief gaseous jiroducts an* oxygen, hydrogen,; 
and carbon dioxide, very little carbon inoiioxidi; 
being pr()duo(^d (bouiigue, bull. 8oc. chiui. [ii.] i 
35, TjOi). Acetonitrile and nirlhtie acid give 
rise to tlie triimide, ixiraoitile jind 

t he dnmide, c.iich ro'/ie (N11);{(i ).., 
when heati'd at 225*^ 23.5“ (Mathews, J. Ainer. 
Chi'ni. Soc. 20, (>48). A warm aqueous solution 
of the acid acts on anhydrous or liydi’ated 
bismuth oxide pioducmg lusunitli nuillitate 
which when hent-ed uikIim' icdu(:(‘cl 
pressure in closed tubes at 356° yields pyro¬ 
phoric bismutli (Thihault, bull. 8oe. ohini. IIMU, 
[lii.] 31, 135). Mdlitje aeul condoiiHcs with 
resorcinol to toriii plithaleins (Silbeirnd, Cluun. 
Boo. Trans. IlMMi, 17H7; Green, tbem. Soc. 
Proc. il)07, 12) and wuth amino-phenols to form 
rhodaniincs (Sillierrad and Boy, ibid. I!)0H, 204 ; 
4. Amer. Gliom. 8oe. 32, 180); these compounds 
are dvestuSs (Rng. But. 28638; .1. Soc. C’hein. 
Ind. 1003, 414). According to V'aii Loon (Bcr. 
|S05, 1271), mellitic acid is not c.steritied by 
alcohol and acids; but Meyer (JVlonatsh. 1904, 2.5, 
1201) states that by heating mellitic acid with 
methyl aloohoWiml .snlplniri<‘ acid in'a benzene 
bath, the ■pf)it(i7iidli!/l eder, ni.j). I4D-144'^, is 
formed; at 1(MI° u mixture of the pcntametliyl 
and lioxamethyl e.ster.s is produced and at higher 
temperatures t,h(‘hexamelhy! ester prodomuiat(‘S. 
'I’he krramdhyl cHer melts at !87'^‘ and may bo 
formed by the action of melliyl rndwle on the 
silver salt (Kraut, 4. 1862, 281 ; Kraut and 
Biiasc. Annalon, 177, 273) or by the action of 
diazomethane the acid (Bcehiiuinn, Her. 
1898, 501). The hrxiidhyl rder melts at 73^'. 

MELON. 'Fho fruit of various plants of the 
(hicurbitarxiv. of tropical or sub tropical countries. 
There are many varieties, among winch may be 
mentioned musk melon, GurMw/i.-? wdo (lunn.), 
and water melon, ('itruUni^ rulijiins (Schrad.). 
The characteristic of melons is the large quantity 
of wat^er which tlicy contain, whUo the s^lid 
matt-er eonaistfl mainly of dextrose. 

Borsch (l^andw'. Versuchs. St^at. 1896, 46, 
473) found ihe following :— 


Sugar melon Pemlcan melon Watermelon 
Whole Whole Whole 

fruit Flesh fruit Flesh fruit Flesh 
Water . 92 85 95*15 93*87 95*90 93*44 93*69 
Dry matter 7*15 4*85 6*13 4*10 6*56 6*31 

The di*y matter contained— 

Other 

Pro- J)ex‘ Jf'freo Crude 
tcin Fat trosc extract fibre Ash 
Sugar iWJiule 22 2.5 073 30 32 12*07 14*90 6*84 
1 mrlon/Flcbh 13:6) IT/.) 7U*63 0*29 C'90 7*09 

1 Pcrsican iWholo 20-71 13-14 30-18 4*40 21*50 9*94 

1 melon) Flesh 11 80 1*85 65*85 3*44 8*44 8*62 

j Water i Whole 13-74 6-89 37-36 2! 74 15 41 4-80 

! melon )rkah ')-73 1-06 60-73 16 95 1-95 3-58 

I 

The seeds of melons oontam much oil 
(30-40 p.c.). 

I For analyses id iJio jml]) of sevorai varietie.s 
j of melon, r . Saee ((‘ornjit. rend. 04, 1126) ; also 
: 4alia (Hcj>. Agi ic. I'lxpt. Stat. ('.ahfoj-ma, 
d601-05, 15.5). 

The ash of waiter melon is rich in jiotash and 
iron (Bavnu, J. Amer. Ghern. Soc. 1896, 18, 
1061). ‘ 41. J. 

MELONITE. Nu l\.el tcliundc Ni'IVj crystal¬ 
lised in the hexagonal sysO'in. There is a 
perfect cleavage paralh'l to the base, and the 
mineral is usually found as foliated grains of a 
rcddish-w'hitc colour with metallic lustre. It ia 
found only in tlic'Mi'lones and Stanislaus mines 
111 (Jalavcras Go., (klifornia, Bouldci Go., in 
Golorailo, and in .^lew South Waic.H. \j. J S. 

MELON PUMPKIN SEEDS. Cunirbilic 

ne.mhui of the B.P. 'I'he ripe seeds of ('ticurbtki 
maxima (Duch.). 

MELRUBIN. Trade name for sodium 1- 
plicnyi - 2 * 3 - dimcthyIpyrazolone - 4 - amino me¬ 
thane suplioiiate. 

MELTING-POINT. A knowledge of the 
melting-]iomt of a substaiu-c. i.r. the tcmjierature 
of its transition from the si^hd to llio liquid 
stall*, is ol imiiortance for many reasons. Thus 
the meltmg-jioint of an <u-qnnie i omjmutd alTords 
a criterion of purity and constitutes a mcaii.s of 
identification, and is of scrxicc in elucidating 
relations in chemical constitution. 

Mcltmg-pomts of alloi/s yield evidence of tiie 
cxisteme of eutectics and c-omjiounds formed 
from tlic constituent metals. 

Melting-jiointa of hydrates may be used to 
determine their degrge of hydration (Uoolieboom, 
Zeitseh. physikal. ("hem. 1893, 10, 477 ; Lid- 
bury, thtd. 1902, 39, 453). 

^.Melting-points of silind(\i serve to indicate 
the formation of double and complex silicates, 
and tlie dissociation of complex silicates into 
siinjdcr molecules. 

Molting-pomts of pvre. mibstaiiCis provide 
standards in calibrating thermometne afiparatus. 

. Occasimmlly, on heating under onlinary 
conditions, aubJinution occurs without melting, 
as in the cases ^ iodine and fumaric acid, when 
the usual methods arc not applicable. But, 
generally speaking, every pure substance ex¬ 
hibits a definite mcltiiig-jiomt, sharji and well- 
defined, and identical with its solidifying point 
The slightest impurities, liowever, such as traces 
of moisture, frequently lower the melting-point 
considerably, although it may be still apparently 
sharp; whilst if foreign substances arc present 
in larger quantity, it is no longer well-defined, 
nor coincident with the solidifying point. It 
has been observed (Rohland, Chem. Zontr. 1906, 
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i, 1401) that in some instances addition of im¬ 
purities may raise instead of lower the ineltir^* 
point. Pure aluminium melts at a lower tern- 
jjerature than the impure metal, and alumina 
raises the melting-point of pure kaolin. 

Within the ordinary limits, change of atnio- 
spheric pres.sui'e has no sensible effect upon the 
molting-point, but at high pressures the effects 
may bo very considerable, cf. Domerliac (Compt. 
rend 18H7, 124, 75): Hidett (Zeitsch. pliysikal. 
(Jhem. 1800, 28, 020); 'Vannnann (Ann. (.‘-him. 
Phys. 1800, lii.] 08, 553, 020). U’he melting- 
point of benzene, for example, varies from r)’4° 
to 30’5'^ with pressures ranging from 1 to 1200 
kilos, per sq. cm. 

For theorcfii'al relationships, fire Tlu>mson 
(J»hil. Mag. [uu] 37. 123), Negreanu (Chem. 
Zentr. 1000, i. JIO). 

Pawlolf (Zeits<]i. ])hy‘Sd%al. (‘hem. 1008, 05, 

1 ; 1000, 05, .5-15) ILiids’ (lint even with a ])ur^ 
substance, tlie inelting-jioiat is affected by the 
state of subdivision, that is, it i.s dependent 
on the surface onergv, and he di-dnecs an 
eiiualmii oxpj’es.sing the rolaliou ladween the 
melting-jximt el a siihstanco and the ladinH ol 
its granules. I<'x])enm('nts witli s.ilol showed , 
tliat lurtieles <>t less than 2/4 diametci melt 1*1^ i 
lower than tliose <>f lOp. 

||(' eonsidevs Unit the !nv\<st altamablo 
temperature in th<‘ n'gnm of luMoti is deteiinined 
by the melting-point ot the etysiaJJine germ ol 
maxinuim surface, and that larger solid particles 
above tins temperat ure are snpm -heated. 
Similarly the .super-eooliiig of jj(|iiids is a genera! 
plu'nouM'non, a. Iniiiid sujier-eooled to u definite 
extent being in eumliliruim with solid jiailicles 
of a definite si/. >. laigei p.irtieh's eaiisnig ery.slal 
I'aatioii and smalhw pailieies di.ssoh ing. and tlie 
limit of Kujier-eooling is Unit temporatnn* below 
winch the ery talhne gmau can arise of itself in 
the inferiot of th^ iujiinl. 


Ajiart from flie tor'^gomg eonsidciations, the 
mani]ml:itivc details con¬ 
cerned tn the actual de- 
ternnnaiion ot amelling- 
]) 0 ]nt. jiarlicularly by the 
capillary tube method, 
V. injuf, affect- the re¬ 
sult. !»> due jiartly 

to ^iiipiiual heating of 
the fbermomoter stem, 
which may be corrected 
by adding the value 
'/i(T-OxO-OOOU3 to the 
observed point of fusion 
(n-: length of mercury 
column in degrco.s out¬ 
side the bath, T —ob¬ 
served temperature, and 
t ^ tefn])erature regis¬ 
tered in Iho middle of the 
projecting xiortion of the 
column), or avoided by 
using a short-stemmed 
thermometer (sec Fig. !)• 
Irregular and too rapid 
heating is also found to 
Fig. 1. affect the value. 

Schuyten ((Jhem. Zentr. 
1901, ii 1326) adduces instances of the varia¬ 
tions which may be obtained under different 
conditions of experiment. 



The fusion of a solid substance is accom¬ 
panied by an absorption of heat (‘ latent heat of 
fusion ’), the temperature remaining constant till 
all the solid has melted. This provides the most 
accurate means of determination (Laiidolt, 
Zeitsoh. physikal. (‘hom. 1889, 4,-349), the 
thermometer, or thermo-element with galvano- 
. meter attachment, being immersed in the 
I molten .substance, and the temiierature of the 
slowly eooluig liquid noUsd at short intervals, 
i the resulting curve indicating the stationary 
: temperature. 'I’his method is suitable for all 
i ranges of temperature and for all subslances 
! giving a dolinite moltmg-point, but requires the 
I use of large quanlJti(?.s of material. In the case 
' of organic compounds, a small qiUmt-ity of the 
finely xmlvcrised sub.staiK’O is introduced into a 
! caiiillary tube closed at one end, and attached 
^ to a thormoiuefer, close to tho bulb, usually by 
I a thin jilatinwn wire or niduirubber ling, or by 
I adhesion through a droji of sulphiirio acid. 

; Weyl ((!heni. Zeit 1916. 34, 488) uses a thermo- 
’ ineler slightly ox]>aiidod pist above the bulb, 

I supporting a glass ring eHirying glass hooks upon 
i which the tubes are hung in position close to 
I the bulb. Other methods of ntlaclimenl arc 
S described by Leu/, 

((’)irin Zeiitr.lIKh', 

1 . IbO); Lrtiulsiedl 
{('lieiii. Zeit. 1905, 

29 , 7(55). 

The beating 
Inith niiiv be of 
glycerol, jiaraffin, 
or sulphuric aeid, 
tlie last ■ named 
suh.stanee being 
most generally 
used. It is eun- 
taincd in a small 
lK‘ak<T Ol long- 
neelv(‘il flask, the 
tiiermoineter and 
tube bmiig either 
immersed in the 
liquid or eiiclosciil 
in a tube dijiping 
into the liquid. 

A form of labor¬ 
atory axiparafus is 
shown in h'lg. 2, 
unequal heating 
being avoided, as 
far as possible, by 
stirring with a 
glass stirrer pass¬ 
ing through the 
cork holding the 
thermometer, or 

bv heating very slowly with a small flame. 
For temiioraturoH at winch thcacscape of sul¬ 
phuric acid fumes liecomc.s unpleasant, the fl^k 
is provided with a, side tuhulure (R-yi, Rer, 
19 1970), as shown in hig. 1. Alternative 

apparatus for condensing the toe are de- 
scrihed by Houben (Chem. /cit. 1900, 24, 538) 
and Matton (Zeitsch. angew Chem. 1910, 23, 

-A mixture of three parts potossium snlnhate 
with seven of sulphuric acid, sp.gr. 1 84, boiled 
toeether for five minutes, may be imed for 
temperatures up to 326® From 360 to 600 , 



Fig. 2. 
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Fig. 3. 


fused zinc chloride gives satisfactory results 
(Soudder, J. Amer. C3iem. 800 . 1903, 25, 101). 

Thiele (Bor. 1907, 40, 99()) has devised a 
simple and effective ajiparatus, consisting of a 
glass tube 2 cm. diameter and 12 cm long, with a 
bent tube oi 1 cm. diametf^r .sealed m as shown 
in Fig. 3. Sufficient Hiil]){iuric acid is jioured 
in to cover the upper opening of 
the bend, and tlio lower bond is 
heated by a small flame which 
cauHi'.s ail even <-irvnlati('n of the 
acid. 

If the material is transparent, 
or becomes so liofore the meJting- 
l)oinf. IS readied, observatmn of 
t li(‘exact point at winch it lanie- 
lioH IS difficult, and Ihccanl (licr. 
8 , (i87) lias i>ro)ioso(l the ajijiar- 
atu.s sliown m h^ig. 4, m winch 
tlie widi^ tube (h) in sealed alter 
a .small (jiiantity of the substance lias been 
melt-ed and allowoil to solidify in the capillary 
bend. On fusion the air prc.s.siirc in h forc(‘s 
the li({uid forward. Tlic mcltnig points of 
coloured substances arc coiivcnientlv obtiuned 
in this way fMailhcr, Her. 1887, 20, 3290). 'The 
values are, however, slightly too Ingli. 

As motlilicd by iMilit/m ((‘hmn. Zenlr. 
1893, I. 370} hir ilie mclling-pomts of salts, tlio 
apparatu.s consists of a glass tub*', 5 mm. wi<l<' 
and 50 cm. long, drawn out tr<* a c.apillarv at one 
end, the other being Ix'ut first at right angle.s, 
and then in the shape of a U to b'rm an ojien 
manonu't-er. 'I'lie ca|)iliary is sealed with the 
molten salt and immersed in the bath. VVlien 
lh»‘ salt metts, the mercury sinks in 

^ 1111 ' ojien end *•! tlic manometci. 'riic 
method is em])loyed to advantage 
' where a non transparent lieating bath 
is used. 

For organic com])(ninds which 
decompose' at or near the indting- 
jiuiiit, Maquenne (Ihill. Soe. chini. 
1!»0-1, 31, 171} advoc.tles the use of 
a metal block, i.ijudly heated, upon 
which the sub.stance is thrown in 
small portions (O'l m.g.} at a tunc, 
till the point' is reached at winch the 
snlistance im'lts instantaneously. See 
also Michael (Her. 1895, 28, 1029}. 

Uassfeld (d. pr. (fhem. 1910 [ 11 .] 
92, «107) has devised an apparatus 
for deb'i niinmg inclting-iiomts above 
270^, consisting ossontially of an in¬ 
verted T-tube, tlio honzoi'ial limb 
of which passes through opposite 
aides of a small tin bath. The. 
thermometer and capillary tube are 
adjusted in the vertical limb, ho tliai 
the substance can be .seen by looking 
thr(%ugli tlu' hon/.ontal tube against 
a light. An arrangement which is 
equally serviceable for high and low 
tomperaturos has been devised by 
8 tock {Her. 1917, 50, 150). It consists essen¬ 
tially of a thin-wailed tube about 0 mm. w'ide 
and a glass rod about 2 mm. thick, elongated to 
act as a pointer. Jly suitable means a ring of 
the solid substance is deposited on the wall of 
the tube a short distance from the scaled end 
and the glass rod is rested on it. The melting- 
point is taken when the upper end of the pointer 


Fig. 4. 


I is seen to sink (Chem, Soc. Abstr. 1917,112, ii. 

; 

Fatty acids, waxes, and similar bodies are 
not easily introduced into capillary tubes, and 
ill sucli cases Kuhara and Chikashig^' (('hem. 
News. 1899, 80, 270) place a thin layer of the 
substance lictwcen microscope cover glasses 
suspended in a i»latinum foil support in a test- 
tube placed in the sulplmric acid balii. A 
nvidificd method is deHcrda'd by liunker (I’harm. 
.1. IflOO, [iv.] 28). 

Air baths, which may be used at liigh tom- 
jieraturi's instca*! of Inpiul baths, are described 
! by Anschutz ami Schultz (licr. 1877, 10, 1800) 
ami Kutschor and Otori (Zeitseh. physiol. Ohetn. 
1904, 42, J93). 

I For a conqmiisoii of the different methods of 
‘ jirocednr*' in the case of minute quantities of 
! material, sn- llcinluirdt (Zcitscli. anal. ('hem. 
i^5, II). 

I The air thermoiiictcr has been adajited for 
i use at extri'ine tcinpcrafurcH (Haase, lier. 1893, 
20, 1052; Mcyci, ivuldlc, ami Lamb. 1894, 

I 27, 3129), but IS le.ss eonveiuent than the thermo- 
I element, foi tli*^ apjiln-atmn of which cfuisult 
j Met:™.- (Aii.i. I’ll,vs. Chcin imi,-;. |2| .w, ns); 

('anara ami ('o|ii>cidoro ((Jazz <'him iIjiI. 1903, 

, 33, I. 329) ; (iultnunin (('hem. Soc. 'I’lans. 1905, 

; 87, 1037). 

I StulzeiilxTg iHi'r. 1909, 42, 4322) has 
I describc'd two ingenious forms of ap])aratus for 
tcmjKTatincs up to 350' ami diAvii to -00° 
respeclivcly, wliich are similar in princijikj to 
that of 'riiiele, but tlie <'irculatioii is biouglit 
I aliout not only by heating or I'ooling a spiial 
; side tube, but also by bublilmg dry eaiburi 
, dioxulo through il. bor lugh fcmjieraturcs, 

; iiaraflin is used, and for low tcin[Ha‘atiiics alcoh**!. 

: the spiral being cooled in a Dewar (lasK williethi'i' 
ami solid eai 1)011 dioxide. 

Slightly modified, it pro\i<h'S an accurate 
means of dctermuiing Ht)iubiljtii's ami (('horn. 

, Zeif. MHO, 34, 00; Zeitsch. physikal. Chem. 
1910, 71, 049) of measuring temiiernf ures down 
to -140’, and is rceommendetl as a low- 
k'lnperaf'Ure liath in physico-chcmieal labora¬ 
tories. For turtlicr iiaitu ulais and diagrams of 
ap|)aratus, the onginal papers shoulcl lie con¬ 
sulted. 

A number of elijf.'tiical methods hate been 
devi.sed, depending ujion the completion of a 
I circuit when the insulating coating of a sub- 
I s^nce on a jilatinuni wire dijijied in mercury 
melts (Lowe, Zcitseh. anal. (’hem. II, 211; 
'I'hioiry, Arcli. Sci. Idiys. Nat. 1905, [iv.j 20, 59), 
j or tlie In-eaking of a circuit when a wire con¬ 
nection in tlic case of metals (Loebe, Zeitsch. 
Flcktrochein. 1907, 13, 592 ; 8 hukofI and Kur- 
battiff, .1. Kuss. i*hys. (.'hem. 80 c. 1907, 39, 
1549; dacquerod nnd Jk-rrot, Arch. 8 ci. Fhys. 
Nat. 1905, |iv.‘f20, 28), or a .bead connection 
in tlic case of borax and other glasses (Burgess 
; ami Holt, Froc. Roy. Soc. 1904, 74, 285) is 
; lirokmi on fusion, the temperature being ascer¬ 
tained by a thermo-element, 

Burgess (Bureau Ktand. Wixshington, 1907, 
3, 345) desenbes an adaptation of the optical 
pyrometer to the determination of the melting- 
points of metals. 

; The melting-points of silicates arc determined 
by Doelter by placing the finely powdered sub- 
, stance upon a small quartz plate heated in an 
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electric resistance furnace, and observing with a 
miorosoope as the temperature is slowly raised 
{Zeitdeh. Elektrodhem. IDOfi, 13, 617). 

A general account of melting-point methods 
at high terniwratures is given bv White (Amer. 
J. Sci. 1909, [iv.] 28, 453). 

Eor the oflioial method of determining 
melting-points in connection with the U.S. 
Pharmacopoeia, sec Menge (J. Soo. C’hem. Ind. 
1911, 30, 108). 

For a method of determining melting-pointe 
by means of electric heating, see Malowan 
(Zeitsoh. angew. Chom. 1919, 32, i. 10; ("hem. 
iSoc. Abstr. 1919, ii. 135; cf. Dana and Foote, 
Chem. and Mol. Eng. 1920, 22, 03). 

The United States Bureau of Standards has 
published the following table of the melting- 
points of the chemical elements. 


Helium 



. '..-271 

Hydrogen 



. -259 

Nc«iu 



. -253(?) 

J<’luorim‘ . 



-223 

Uxygcu . 



-21H 

Nitrogen . 



-210 

Argon 



. - 188 

Krypton . 



. -169 

Xenon 



. -140 

(3ilorino . 



. -101*5 

Mtreury . 



- 38*87 

Bromine . 



-7*3 

Caisium . 



-f-26 

Irallium . 



30 

Jiubidium 



3S 

PliosphoruH 



44 

I’otassium 



62*3 

Sodium . 



97*5 

Iodine 



113*5 

i«i 



112*8 

Sulphur {Sjj 



119*2 

l«.n 



JOO-8 

Indium . 



155 

Lithium . 



186 

Selenium . 



217-220 

Tin 



231*9 

Bismiitli . 



271 

Thallium . 



302 

Cadmium. 



320*9 

Lead 



327*4 

Zinc.* 



^ , 419*4 

Teliuniiin 



452 

Antimony 



630-0 

Cerium . 



. 640 , 

Magnesium 



651 

Aluminmm 



658*7 

Itadium . 



700 

Calcium . 



810 

Lanthanum 



810(?) 

Strontium 



, >Ca<Ba(?) 

Neodymium 



.• 840(?) 

Arsenic . 



. • 850 

Barium . 



850 

Prosoodymiiini 



940 

Germanium 



958 

Silver 



960*5 

Gold 



1063*0 

Copper 



1083*0 

Manganese 



J230 

Glucinum 



1280 

Samarium 



1.300-1400 

Scandium 



(U 

Silicon 



1420 


Nickel 

Cobalt 

Yttrium . 

Iron' 

PaUadium 

Chromium 

Zirconium 

Columbium 

^ Thorium . 

■ Vanadium 

i Platinum 

1 Ytterbium 

[ 'J’itaniuin . 

Uranium . 
Kbudium . 
Boron 
Indium . 

• Kutheiuuflfi 
Molyb<lenujn 
Osmium . 
Tantalum 
j Tnmjstm . 

I (!arboii , 


o 


1452 

1480 

14lMj 

1530 


1540 

Kilo 

1700(?) 

1700(t) 

j>1700 

\<Mo 

1720 


1755 

(V) 

•1800 

>1850 

1950 

2200-2500 

2350(?) 

2450(?) 

2550 

2700(?) 

2900 

3400 


>3600 


I T’hoHo elements ot which the mcltmg-points 
i Hie used as standard temperatures arc printed 
I in italics. 

MELUBRIN. Trade name for mercury 
i walicyl Bulphonatc. 

MENDIPITE. A load oxychloride in>Cia-2ri)0 
: found near Churchill on the Mondip Hills in 
' iSomorsctshire. Crystallises in yellowish-white 
' rhombic pnsms ; perfect prismatic cleavage ; 
adamantine lustre, sp.gr. 7*1. 

MENHADEN OIL is obtained from the body 
I oil of the ‘ Menhaden fish' Alosa menhaden, 
t (Juv. (Brevoorlia h/ramuis), a fish somewhat 
larger than a herring. From about May until 
November tins fish appears in enormous quan¬ 
tities off the Atlantic coast of America (especially 
of New Jersey), so tliat as much as 400,000 tons 
of fish are caught in one season. 

The fish arc delivered from the steamers by 
means of elevators, on to automatic conveyors, 
from which they are passed over automatic 
scales into largo boiling pans. These are pro¬ 
vided with false bottoms, below which open 
steam coils are fixed. On boiling the contents 
of the pan, the lisli ai-c disintegrated and the oil 
sejiarates easily from the flesh. After tuiniDg 
ofl the steam and allowing the mass to rest, the 
oil rises to the top and can be easily skimmed 
oil by means of swivel skimmers. 

During the last few years, ‘ boiling ’ vessels 
have been introduced wliich permit of con¬ 
tinuous working, the fish being passed on con¬ 
veyors through the boilers continuously, and 
exposed to the action of free steam. The time 
required for the fish to pass lasts fAim 15 to 20 
minutes. The whole mass is then transported 
by screw conveyors into settling tanks, where the 
oil separates by gravitation, in either process, 
the ‘ fish scrap ’ falls to the bottom of the vessels, 
and is then jiressed in hydraulic presses, similar 
to those used in the workmg up of ‘ tankage,’ 
when a further quantity of oil, inferior in colour, 
18 obtained. In some works, such pressed cake 
, —termed ‘ chum ’—is boiled out with hot water 
' and pressed once more; but this procoK being 
uiiremuncrativc, except when the oil is very high" 
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in price, ifl not carried out in large works. The 
scrap is finally dried in continuous dryers, of 
which various types arc in use (Anderson dryer, 
Cummer dryer, vacuum dryers), and is sold as a 
valuable'^manure. In fact, the ‘scrap’ was 
formerly ijonsidorcd as the main product, and 
it is owing to the demand for scrap that the fish 
oil industry has assumed such largo flimensions. 
As the fish contain only from 1 to Ifi p.c. of oil 
—rarely more—processes for its recovery from 
thescraj) by means of solvents are most unlikely 
to prove remunerative, considering the enormous 
quantities of fish that must be dealt with. 

With the extf'nsion of the industry, new uses 
have been fcniid for tho oil, which now not only ' 
ranks equal in value to the scniji, but has ' 
acquired a much higher price, especially at 
times when the price of linseed oil is very high. 

The colour of menhaden oil vanes in the 
first instance with the slate di freslnic.ss in < 
which tho fish arrives, and in the second instance 
witli the duration of tlie boiling process. 'J'he 
longer the oil has been allowed to remain in 
contact with the jnitresciblc mass and Ihe 
longer the fish has been boiled and hence the 
longer tho oil has been in (lontact with the gluey 
wator, the darker is its colour. 'I’hcrefore, the 
separatum of tho oil from the gliuy wal-ci is i 
carried out as rapidly as jmssible. Eresh lisli 
yield a light-coloured oil; the oi! running from 
the ‘ scrap ’ in the presses is the darkest in 
colour. 

In commerce the following three qualities 
are known : ‘ J’rimc crude," ‘ Bn>wn stramod,’ 
and ‘Light strained oil.’ Fiequently the oils 
arc differentiated into four grades—A, B, C, and , 
1); A being extra pale, B pale, C blown, and D ■ 
dark brown oil. Since tlic menhaden oil in¬ 
dustry has extended along the Atlantic coast 
even down to Texas, the trade differentiates also 
between ivorlhctn muikaticn oil and bouihrn 
mankaden oil. The })rneesH of rctiniug consists 
mainly in brightening the oil by filtenng, &c. 

The light-coloured oiLs are allowed to rest 
some time in tho cold, wdieroby ‘ stearine ’ i 
separates ; thus the ‘ winter oils ’ are obtained. 
They are then bleached by filtering over fuller’s i 
earth, &c.; in this manner two grades are | 
obtained, viz. ‘ bleached winter w hite ’ and 
‘ bleached winter ’ oils. 

The sp.gr, of menhaden oil is 0*930 to 0*035. 
Freshly prp|t?ired menhaden oil has an iodine 
value reaching as high as 200 (Lewkowitsch). 
Most of the earlier analytical data contained in 
text-books must bo corrected, especially as re¬ 
gards the iodine value, as those samples, the iodine 
values of which iiad been recorded, refer to oils 
which had undergone considerable oxidation 
on standing. Menhaden oil contains consider¬ 
able amounts of clupanodonic acid. Thus the 
author obtahied from specimens of pure men¬ 
haden oil as high a yield as 40 p.c. of clupano- 
donio octobromide. 

The unsaponifiablo matter consists chiefiy of 
cholesterol, to the presence of which the slight 
optical activity of menhaden oil is duo. 

The principal use of menhaden oil is in the 
currying trade, and in the manufacture of sod 
oil. The oil is also employed in soap-making 
and for the tempering of steel. When linseed 
oil is high in price, menhaden oil is used to a 
oonsiderahlo extent to adulterate it (to the 


detriment of the quality of the product) and, 
further, as a substitute thereof in the manufac¬ 
ture of varnishes, paint oils, and even linoleum. 
Menhaden oi! is also used for adulterating New¬ 
foundland cod-liver oil. J. L. 

MENISPERMINE (V), a crystal- 

line alkaloid from Avaruirta Cocr.vlvs (ssjlfeni- 
spermum Coendvt.), does not appear to have 
I been examined since its discovery by Pelletier 
and Couerbe (Annalcn, 1834, 10, 108). 

MENOSAL. Monthyl salicylic methyl ester. 

MENTHANTHONES V. Ketokes. 

MENTHENE v. (Iamphors. Terpenes, Pep¬ 
permint. 

MENTHENONE r. Ketones 

MENTHOL P. CAMI'HOKS, PjCl'l'ERMINr. 

MENTHONE ». Cami’Iioes, rjsprERMiNT. 

MENTHOSPIRIN. Menihol ('Rtor (tf aspirin. 
MENTHYL BORATE BO((.'i,H„)3. 

' MENTHYLETHOXYACETATE {('(mjpi) 

MENTHYL ISOVALERATE (KoWrfo/) 

MENTHYL SALICYLATE (SaUmnillivI) 

MERCAPTANS (TInol'i) are a group of sub¬ 
stances derivcil Irum sulpljiiretted hydrogen in 
the same way as alcohol from water by tho 
replacement of one hydrogen atom by an alkyl 
grou]). Tho mercapians differ from alcohol in 
the. same way that suljihuretted hydrogen differs 
Ironi water ; ( bus they have ccjnsuleral)lv lower 
bailing.points than tlie corresponding alcohols. 
They also possess one hydrogen atom replacoahle 
by niotal, hut tliey are more acidic than tlv 
aliHihols and form mercaplides of the heavy 
metals. The mercaptans w'eie discovered hy 
Zeisi' in 1833 (Annalcn, II, 2), and the name js 
derived from ‘ mereuno aptum,’ owing to the 
fQrmatioii of a characteristic mercury .salt hy the 
action of ethyl mercaptan on mercury oxide. 

Formation. —(General methods: 

(1) By warming alkyl halides with potassium 
hydrogen sulphides in concentrated alcoholic 
solution. 

Bi X+K |8H^B*8H-}-KX 

I (where U-=alkyl, X = half>gcii), 

(2) By heating alcohols or phenols with 
phosphorus pentasulphide 

I 5B(>Hd-J>,85-5R-SH+P20j 

I (3) By distilling a solution of potassium 
! alkyl .sulphate with potassium hydrogen suljihido. 

ItjoSO^K-fKlsH-^R-SH-fKaSO, 

' ’Fhey are als?) formed in the reduction of thio- 
; cyanic esters, CNSB-f 2H=HCN-|-HSR. 
i (4) By the action of sulphuretted hydrogen 
on the alcohol vapour at 300°-350® in presence 
‘ of anhydrous thoria (ThOj) (Sabatier and 
; Mialhe) t.g. 02H6*OH+H2S=C8H,*SH-l-H,O. 

: Of. Kramer and Reid, J. Amer. Ohem. Soc. 

1021, 43, 880. 

(5) By reduction of disulphides by dextrose 
; (Claasz. Ber. 1912, 46, 2424). 
i (0) By treating a mixture of the alcohol, 
red phosphorus, sodium sulphate and sodium 
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sulphide with bromiuo. This method which gives 
yields of 60-60 p.c. is based on the reactions: 

(J) SR-OH+SBr+P-^RBr+HaPOg. 

(2) 4H3P03+NajS0,=NagS+4H3P04. 

(3) Na38+H3P04-=Na«HP04+H28. 

(4) RBr+HgS=R SH+HBr, 

(Moreshkovski, J. Ruas. Phys. Chem. Hoc. 1014, 
40, 1082,) 

Aromatic mercaptans can be obtained by 
acting on the diazo-aromatic compoimda with 
potassium ethyl xanthato and decomposing the 
compound thus formed with caustic alkali 
(Lonhart, J. pr. Clioin. [ii.l 41, 170; Bourgeois, 
Rec. trav. chim. 1800,18,426); by the. reduction 
of the chloride of the sulphonic acid derivative, 
and by the electrolytic reduction of tho thio- 
chlorides or their nitro derivatives in sulphuric 
acid solution using lead electrodes and keeping 
the anode liquid at 20“ (Fichtor and Bcrn'>uilli,,| 
licr. 1000, 42, 4308). 

Mercaptans of the anthracene series are 

obtained by beating together tlie halogcnated 
anthraquinoiies and t-be alkali flul])hides or 
liydrosuljdiules (I). K. I*. 204772, 208(M(); Frdl. 
1008-10, 20) 

Mercaptans of the anthraquinono series are 

obtained in the following manner: JO kilos.* 
ol anthraquinone-a-ibiocyanate are made into a 
paste with 20 litres uf alcoliol and boiled nndei 
a reflux coudenser witli 60 lities of a 10 pe. 
sodium hydroxide solution uiilil the product 
forms a clear cherry-rod solution m water. Hot 
water is now added until tho wboio jiroduet is 
dissolved, and after liltratiou the meruaptaiiiB 
}U'cci[)itatod by additiitn of bydrochlono acul 
i'ontaiiuiig a little sulphurous acid (i). R. P. 
20H(>40,1W7 ; 212857, 1000 ; J. 8oc. Chem. fnd. 

J 900, 460). 

Mercaptans yielding dyes with diazo com¬ 
pounds can be Obtained by heating sodium 
naphthalene-^-sulphonato and a 50 p.c. solution 
ol potassium hydrosulphide for 3 hours at 20^“-, 
220 ® under a pressure of 10-12 atmospheres in 
an iron vessel. Tho product is then treated 
with dilute hydrochlonc acid and extracted 
with ether. The disulphide which remains un- 
dissolvod can also be converted into the morcaji- 
tan by heating with potassium hydrosulphide 
and alooiiol. When benzene sulphomc acid and 
w-disuliihonic acid are similafly treated, coloured 
products having tho odour of raercaptana are 
birmed (Schwalbe, Ber. 1906, 39, 3102). 

Properties .—The mercaptans are moatty 
liquids insoluble m water, soluble in alkalis and, 
particularly the lower, more volatile ones, have 
a very characteristic disagreeable odour, their 
smell being indeed a far more delicate test than 
any of their chemical reactions. Like hydrogen 
suijihide they are readily oxidised by oxidising 
agents and oven by air, formifcg disulphides 
2 B*SH-|-0=RS'8R-|-H20. When oxidised with 
nitric acid they form sulphonic acids 
R-SH-bOg-KBOjH 

Mercaptans condense with nitriles thus : 
RSH+R'CN-Nll: OR^ SR 
Thus by the action of ethylene cyanide on 
ethylene sulphhvdiate, succ%nimin(^ithioeihyl- 
CM ether ( 01 IjC'(NH)‘S'('H 2)2 is formed, the 
hydrochloride of which is an amorphous dark 
green powder soluble in water; tho solution 


dyes wool and silk a bright gi'een, fast to light 
but turning yellow (owing to the liberation' f)f ■ 
tho free base) when treated with alkalis (Auten- 
rieth and Briining, Ber. 1003, 36, 3464). 

The alkyl mercaptans and their derivatives 
react in general with acid chlorides to lorm esters 
uf the corresponding thio acids thus: 

3RSH+PCl3=P(SR)8-f3HCl 
or (C()Cl),-|-l>b(S(!,H,),=(CO-S-C,H,),+PbCl,. 
The final jtrodiicts of the reaction, however, 
dojiend on the stability of the ester formed, or, 
if it is unstable, on the manner of its docomposi* 
tion. When treated with hot potassium hy¬ 
droxide solution, tho stable esters are converted 
into the morcaptido, whilst witli alcoholic potas- 
Slum hydrosulphide they yield potassium tbio 
salts (Jones and Tasker, Ohem. Soc. Trans. 1909, 
190-1). 

With sulyhuryl chloride, tho mercaptans 
react thus : 

8RSH+4BOCl2--8H01+2S()2-f3(lM8)24-R2S4 
and 4RSH-1 SOFl 2 ---{R’S) 2 -fR,S 3 -hH 30 + 2HCl 
which reaction jircjionderatcs depending on the 
eojiditiony of tb(' experiment (.Jones and Tasker, 
lx. 1910). The rejK-tion of mercaptans with 
riitrosyl cldoride and with tbionylaiiiline is 
similar to that with sulpburyl chloride. When 
nitrosyl chloride is adiled to a Tiiercaptan, the 
latter absorbs it, lonmng a rich cherry-rod 
eoloure<l solution wliicb rapidly evolves nitnc 
oxide and finally loses its colour. In a freezing 
mixture of solid carbon dioxide in other, however, 
bydroxylamine hydrochloride is formed (Jones 
and Tasker, I c. ; Holniberg, Ber. 1910, 43, 226). 

JVlcr<'a])tuns combine with aldehydes in 
tlie presence of hydrogen chloride, forming 
niercajytals, R ■CllO 1 2H 8H' ^ R'FlRSR'lj 
(Baumann, Ber. 1885, 18, 883 ; Blanksma, Reo. 
trav. chim. 19I>1, 20, 399). They are insoluble 
in water, stable in tlie cold but readily decom- 
]io.sed on warming. 

Mercajitans combine with certain sugars in 
cooled hydrochloric- acid solution, forming mer- 
captals (Fischer, Ber. 1894, 27, 673), 

Glucose, ethyl nicrcapUil t! 4 H| 205 (SKt )2 forms 
slender colourless needles or thin plates, m.p. 
127®-128®, aD-29*8® at 50®. It has a bitter 
taste and decomposes on distillation, yielding a 
product with an odour of roasted onions. A 
number of other similar meroaptal* are described 
by Fischer. 

Similarly, the mercaptans condense with 
ketones, forming mercaploles 

R20,()+2JJ,SR'-R3C-(SR')a-fH20 
(Baumann, l.c. ; Fosner and Fabronhorst, Bor. 
1899, 32, 2749 ; Blanksma, l.c.), and the latter, 
on oxidation, yield disulphones. 

The nature and stability of tMb mercaptoles 
and disulphones formed by the interaction of 
ketouio c.sters and tho mercaptans depend both 
on the nature of the ester and of the mercaptan 
(Fosner, Ber. HM)1, 34, 2643). 

a; j^-y or y-Hiketones containing both car¬ 
bonyl groups attached to methyl radicles, 
readily react with four molecules of a mercaptan 
yielfling diinercaptolcs wliich on oxidation yield 
tetrasuTphones. If, however, one of tho car¬ 
bonyl groups of the diketones is attached to a 
substituted methyl group, the ketone reacts 
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with only two moleoules of a mercaptan forming 
a ketomercaptol which on oxidation gives a 
keto-disulphouo. A number of those products 
are described by Posner {Ber. 1900, 33, 2983), 

In the presence of hydrochloric acid, the 
moroaptaRs react with unsaturatod ketones, 
forming both addition and condentjation pro¬ 
ducts (Posner, Bor. J902, 35. 799; 1904, 37, 
502; see also Fasbender, Ber. 20, 460); but if 
piperidine or sodium cthoxido is employed as 
catalytic agent instead of hydrogen chloride, 
only additive products are obtained (Ruhemann, ■ 
Chem. Hoc. Trans. 1905,17,4(U ; Proc. Roy. Soc. 
1904, 251). The number of mercaptan groups 
umting withA diolofinic ketone also depends on 
the nature of the catalytic agent. 'J’lie mercap- 
tans also combine with many unsaturated 
hydrocarbons and acids (l*osncr, Ber. 1905, 3K, 
646; ibid. 1907, 40, 478S). 

According to Htadlcr (Ber. l?,o4, 17, 2075), . 
the morcaptans of the aliphatic series react with 
diazo compounds yichhng explosive substances. 

Ij/tliJ/l mcrcajitoii. (mercaptan), produced 
loclinically by the mtoractioii (d ethyl chloride i 
and potassium hydrogen snlplnde, is a sparingly I 
solulde liiiuid with a very disagreeable smell, [ 
b.p. !16•2'^ sp.gr. 0'83907 at 2074° (”• J^lhyl [ 
t<iil}>hydraic, art. ETin’i.). H may be formed \ 
synthetically by passing hydrogen sulphide j 
through a solution of alutmmurn hromido in 
ethyl bromide and treating the AlBrg'ElBr.HjjH 
(snow-white crystals, m.p. ST) with water, 
(Plotnikov,,/. Russ. I'liys. Cliem. Hoc. 1913, 45, j 
1162). It IS also produced by the actroii of | 
yoast or zymeso solution on tlnoacetaldehyde i 
(Ncuborg and Nord). It combines with acetone, I 
forming dimethyl diethyl mercaptole, which ! 
when oxidised with potassium permanganate ' 
yields diethyl sulphomethyl metliane (acetone- | 
dieth)'! sulphono) Me./';(H()gEt) 2 . The latter! 
crystallises in colourless prisms, m.p. 126^', ! 
is sparingly soluble in water and is employed ; 
in medicine, under the name ‘sidphonal,' as a ' 
aoporific. Trional MoEtC(H02Et)2, m.p, 75®, I 
and tetronal Et 2 C(S 02 Et) 2 , m.p. 85'^, are pre- ' 
pared similarly and are also used in medicine 
(v, '#ETEONAL AND TbTONAL). 

Ethyl mercaptan has no action on anthra- 
quinono or phenanthraquinonc, but it reacts with 
quinone forming quinol, quinliydrone, and Ihio- 
aldehyde and under certain conditions it forms 
a red crystallise oompound in which two hydro¬ 
gens in the quinone nucleus are substituted by 
HBt groups (Tarbouriech, Bull. Hoc. chim. 1901, 
[iii,] 25, 313; Sammis, J. Araer. ('hem. Hoc. 
1906, 27, 1120). 

Ethyl rn^rcaplophthah mtdc 

c.h.<‘;(;>n(Ch,),sh 

becomes plastjc at 76® and melts at 70®-80®. 
When boded with 20 p.d^ hydrochloric acid it 
yields phthalic acid and aminomercaptan 
hydrochloride NJH 2 C 8 H 4 SH,Ht'i (Gabriel, Bor. 
1891,24, 1110, 3098). 

Ehenyl mercaptan has b.p. 169'5®; p-tolyl 
mercaptan^ b.p. 195®; m-tolyl mercaptan, b.p. 
195'5®; and ^-naphihyl mercaptan, b.p. 288® 
(Bourgeois, l.c.; Autenrieth and Geyer, Ber. 
1908, 41, 4256). 

^■TolylamxmaMhrnqnimne mercaptan 

C,H,NHCi4H,OaSH 


forms dark blue needles and yields on sulphona* 
tion a violet wool dye (B. R. P. 206636,1^9). 

A nhydroformaldehyde dimethyl-p-phenylene^ 
diamine mercaptan { 5 -dimetkylamino-il^mpthylene- 
aminophcnyl mercaptan) SH.C4Ha(NMe2)N : CHj 
is formed by treating os-dimethyl-p-phenylene- 
diamine thiosulphonic acid dissolved in aqueous 
ammonia, with formaldehyde and hydrochloric 
acid. It rapidly polymerises and is isolated as 
the ferrocyanidc 30 * 1112 X 28 , 2 H 4 Fe(CN)„ 6 H 20 . 
When the freshly prepared mercaptan is treated 
with sodium nitrite and hydrochloric acid it 
yields 5-fUmethylaminobenzthiazole 

NMes•C.H,<^^ 0 H 

m.p. 7:*"-74° (So.hmidt, J!er. ]90(), 3», 240(i). 

Merniplolhtazolcs are prepared by tlio con¬ 
densation ot a-halogenated ketones with ain- 
momuin dithiocarbamaie (Miolati, Gtizz. chim. 
*itaJ. 23, 1 . 575) 

Ethyl mrthyl mercaploikiazalrcurhoxyhte 
. 0 (SH)S'CO 2 Et 

melts at Ml", and is solulile in alcohol and 
ether but not lu water; the free acid bos m.p. 
211 - 212 ®. 

Me.lhylmermptoihiazuk melts at 89®-96' 
and IS soluble m organic solvents. Ehtnyl 
mcrcaptotkiazok melts at 108®. 

For a number of mercaptothiazohiie deriva¬ 
tives, m: Hirsch (Ber. 23, 964); Kaiian {ibidi 

1897, 30, 1318); Gabriel and Leopold {ibtd. 

1898, 31, 2837); Janccke {ibid. 1899, 32, 1103); 
Htraus (ihid. 1900, 33, 2830). 

Mermptogalactoxazohne 

/JH 2 'GH(CH* 01 -I) 20 H 2 ' 011 , 
n( I 
^OSH'O 

m.p. 185°-180®, is birmod by heating galact- 
aipine with carbon disulphide. Like the corre¬ 
sponding dextrose derivative it gives a crystalline 
compound witli silver nitrate (Roux, Compt. 
rend. 1902. 135, 691). 

,CH:N 

i-Mewptoquinazolmc C,H47 I » is 
\N : (■'•SH 

prepared by the action of potassium hydrosul- 
phide on the chlord compound. It crystallises 
in hexagonal plates, sinters at 225® and melts 
at 229®-23r (Gabriel, Ber. 1903,36,800). Mer- 
capto oxazolme derivatives are described by 
Maquenne and Roux (Compt. rend. 1902, 134, 
1589). 

Many other mercaptan derivatives have been 
prepared (Baumann, Ber. 1885, 18, 891; Jacob¬ 
son, ibid. 1887, 20, 1895 ; ibid. 1888, 21, 2624 ; 
Klason, ibid. 20,3409; tbid. 28, ref. 942 ; Freund, 
ibid. 1896,29,2183 ; Brjuchonenko, J. pr. Chem. 
[ii.] 59, 46, 696; Eibner, Ber. 1901, 34, 667 ; 
Freund and Bamberg, ibid. 1902, 35, 1753; 
Posner, ibid. 799; de Jong, Rec. trav. chim. 
1902,21,295 ; Autenrieth and Geyer, Ber. 1908, 
41, 4249, 4250; Poliak, Monatsh. 1914, 36, 
1445, 1467; Rennert, Ber. 1915, 48. 459; 
PoUak and Schadler, Monatsh. 1918, 39, 129; 
Poliak, von Fielder and Roth, idem, 179) 

Mcrcaptides are formed by the action of the 
mctdl on the mercaptan (os in the case of the 
alkali salts) or by the interaction of an alcoholic 
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solution of the morcaptan with the oxide or 
acetate of the metal. 

Many such crystalline compounds are known. 
They are mostly docom}) 08 ed by mineral acids, 
with liberation of the mercaptan, and react with 
alkyl lialides forming thio ethers, thus: 

lt,s|Na+l|R'--=n-^i-IV 

(Otto,, J. ]>r. Chem. 1S05, (n.] 61, 285). With 
ethyl a-chloroaeetoaeetate they yield alkyl sul¬ 
phide and ethyl diacetyl succinate : 
2RSN'a+2f:!MfiO-(?Ht'l-(:(),Et 

-•2Na(Jl-l-R2S. t ((dIAc-COgEt), 
(Finger and Hem meter, J. pr. (!hem. U>09, 70, 
440). 'I’he mcreaptides react with muHtard (Jils, 
forming dithiourciliancs : 

RX(!!S + R'SN'a dc) 

=-R*N:(\SNa-SR'-»Na('l | RNH-C8'SR',' 
and this is suggested by Roschdestvensky as 
a good method of ideutdying the mereaptans ; 
(J. Russ. Rhys. (.'hem. iSoc. 1900, 41, 1488). | 

Mercury vicrcuylidc (EtSjgllg crystallises in 
white leaflets. With mercuric chloride, liowever, 
ethyl mercaptan forms a sjiarmgly soluble ; 
double .salt, EtS'HgCl. Similar iodide and ' 
bromide compounds are also known (r/. Ray, 
Cheni. Soc. Trans. lOlO, 871. 

Mercaytxmc acUU arc liydroxycai boxylic 
acids in whicli the hydroxyl group is repiaei'd | 
by an SH group (('anus, Annaleii 124, 48 ;i 
(daesson, Rer. 1877, 1840; Friedmann, lieitr. I 
Ohein. Rhysiol. Rath. 1003, 4, 48()). ' 

Mcrcaylal acid-’i are obtained by the con- j 
dciisation of aldehydes with thiol acids (Holm- I 
berg and Mattisson, Annalen, 1907, 368, 128).. ^ 

Selenium and tellurium form compounds 
oorresponding with the merca}»tans and having a 
similar offensive swell. 

MERCERISING. Mereensmg lU’ ‘lustreing’ 
consists in impregnating cotton fibres with con¬ 
centrated caustic soda lye, eitlier with or without 
the application of tension, and in stretching the 
material beb-re and during the removal of the 
soda by means of washing. 

John Mercer noticed in 1844 that cotton 
fabrics, when immersed in concentrated sodu lye, 
became transparent and that a considerable 
swelling and shrinkage of tlie fibres occurred. 
He also found that the soda could be readily 
removed by washing with water and that the 
fibres afterwards again became ojioque and 
exhibited increased affinity for a number of dye¬ 
stuffs. The fact that concentrated caustic soda 
lye causes the cotton fibre to contract seems, 
however, to have been known in France at the 
time when Mercer made his discovery (J. Hub- 
ner, J. Soc. Dyers and Col. 1011, 27). The 
treatment briefly described abov^was patented 
by Mercer in 1850. About the same time, ho 
applied his discovery to the ‘ crimping ’ of cotton 
fabrics, by printing stripes upon the fabric with 
thickened concentrated caustic soda lye, with the 
result that the portions printed upon became 
contracted, whilst the parts which had not been 
acted upon by the soda became drawn together 
or ‘ crimped.* 

It has been suggested that * hydrated cellu¬ 
lose ’ is the result of meroerisation, but although 
raereexised cellulose contains more water in the 
air-dry condition than ordinary cellulose, 


I C. G. Schwalbe (Zeitsch. angew. Chem. 20, 2172, 
! 1907) and U. Ost and F. Westholf (Chem. Zeit. 
38,197, 1907) stale that they have not been able 
j to prove that mercerised cellulose contains 
j chemically combined water. It should also be 
j pointed out that the excess of water “contained 
in moroerised cotton can Ix^ readily removed by 
; drying (J. F. (lojilcy, J. Soc. Dyers and Col. 24, 
72); by the application of heavy pressure after 
I mercerising, whilst the material is still in the 
' wet state (J. Hiibner, Eng. Rat. 12455); by ex- 
'' traidion with absolute alcohol (J. Hubner and 
: F. Teltseher, J. Soc. (-lieni. Jnd, 1909, 28, 041) 

’ and by drying at ordinary temperature over 
calcium chloriile or phosphorus jiciftoxide. 

In 1889, H. A. Lowe observed that if a cotton 
fabric is ]»revented from contracting during 
treatment with eoncentriitod caustic soda lyo 
‘ and subsequent washing it acquires a silk-like 
flustro (ICng. Rat. 20814). Lowe allowed his 
1 patent rights to lapse and in 1895 'I’lnmias and 
; l*rcvost patented the same process in Germany 
(Gcr. I’at. 86504). This })at(Mit was, however, 
ultimately aiinulJed. 

Merc-tr fiad already noticed that effects, 
similar to those obtained by caustic soda* 
could be produced by the application of sul¬ 
phuric acid, phusjihorie acid, and zinc chloride. 
Soon after the jiublication of Thomas and 
Rrevost’s patent, a large number of patents of 
doubtful value wiire taken out in order to 
protect the application of various mercerising 
agents. The fact that a superior lustre could bo 
obtaim-d on the long-stajded Sea Island and 
Egyptian cottons was also made the subject of 
a jiatcnt (.-icc llardner, Die Mercerisation der 
Bauinwolle). 

Knccht (J. Soc. Dyers and Col. 1896,12, 89) 
found that cotton could be mercerised by 
treating it with nitric acid of 83® to 84"Tw., ani 
•1. Hubner and W. J. Rope (J. Soc. Chem. Ind. 
1908, 22, 70) discovered that saturated solu¬ 
tions of iodides produce a similar effect. A 
saturated solution of barium-mercuric iodide 
}»roduceB practically the same degree of shrinkage 
and increased affinity for dyestuffs as coin^en- 
trated caustic soda lye. 

Mercer pointed out that soda lye of as low a 
strength as 20®Tw., produces a distinct effect on 
the cotton fibre, and it had been commonly 
accepted that lyes below this strength exerted 
practically lio action on the fibres.* Hubner and 
Pope (J. Soc. (diem. Ind. 1904, 23, 404), how¬ 
ever, found that a lye of only l®Tw. concen¬ 
tration appreciably increases the affinity of the 
cotton fibre for the substantive dyestuffs and 
produces a certain degree of shrinkage. They 
also allowed that the degree of shrinkage is not 
directly proportionate to the concentration of 
the lye used, and that maximurmshrinkage is 
produced by a soda Iv© <>f about ^®Tw., wnilst 
the shrinkage again decreases if the strength of 
the lyo is increased above 46®Tw. 

This supplied an explanation of the fact that 
cotton yarn and cloth, after treatment under 
tension with soda lye of 60® to 70®Tw., are fre¬ 
quently torn on the mercerising machine during 
the first stages of washing. 

It had been generally assumed tl^t a mer¬ 
cerising agent, in order to produce lustre on the 
fibre, must exert a shrinkage and swelling action. 
Hubner and Pope (i.c.) oMerved that the agent 
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muat also be capable of untwisting tbe naturally 
twisted cotton fibre. 

This, coupled with the fact that single cotton 
fibres (Fig. 1) are twisted in parts to the right 
and in parts to the left, several changes in the 
direction of the twist being noticeable in a single 
fibre, affords a rational exj>lanation of the pro¬ 
duction of lustre in mercerising. As a result of 
the untwisting <if these different twists during 
mercorisation under tension, during which 
operation the fibres are firmly held by the tw'ist 
of the yarn, the original nbhon-hke twisted fibre 
becomes converted into a straight lod, of nearly 
circular cross-section, winch carries on its surface 
smooth elcAfations in the shape of roun<led 
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ridges, which reflect ilie light falling on them 
from any «Ureotion (Fig. 2). MaxitMim lustre 
can, therefore, only he obtained it the mer¬ 
cerising agent is capable of jiroducing shrinking, 
swelling, and untwisting of tlio fibres in a Ingh 
degree. Wa^rglass, glycerol, common salt, if 
added to the caustic soda lyc used in mercerising, 
diminish the extent of the swelling and the 
shrinking of the fibres, the lustre obtained is, 
therefore, inferior to that produced by caustic 
soda alone. Sodium sulphide, nitric acid, and 
hydroohloric acid, which cause untwisting of the 
fibre, aooompanied, however, with but little 
shrinking and swelling, give still less lustre, 
whilst barium-mercuric iodide, which produces 
maximnni swelling and shrinking but no un¬ 
twisting, jiroduces practically no lustre. 

Gladstone (.1. (Jhetn. Soc. 18511, 5, 17) sug- 


j gosted that in mercerising a definite chemical 
i compound, ‘ soda cellulose ’ (CjHjQOjljNaOH, is 
; formed, which decomposes rei^ily on treatment 
with water. J. Hubner and F. Teltsoher (J. 
Soc. Chom. Ind. 1900, 28, 614) have shown 
that the existence of such a definite compound 
is very doubtful and that the amount of soda 
retained by the cellulose after extraction with 
absolute alcohol is much smaller than that 
given by Gladstone. 

'riio dyeing properties of mereeriBcd cellulose 
have been studied by a number of investigators. 
K. Haller (Zeitsch. Farh. und Textilchemie, 1007, 
8. 125) assumes that the soda lye removes 
I the eulinised layer from the fibres, tl’ius exposing 

i 
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pure cellulose, which is capable of absorbing 
dyestuffs more readily. 

Ju order to thoroughly mercerise the fibres, 
the material must be allowed to remain in con¬ 
tact w’ith the soda lye for about J to 1 minute. 
Although it iji Cue practice in some works to 
allow the material to remain for a considerable 
time in contact with the soda lye after impreg¬ 
nation, and before stretching and washing, the 
results obtained are in no way superior to those 
I obtained when working continuously. 

1 Uniform results in mercerising can only be 
obtained if the soda lye used is kept at uniform 
strength and temperature. Special refrigerating 
machines are frequently employed for cooling 
. the soda lye. 

Doubled yarns, made of long-stapled Sea 
; Island or Egyptian cotton, give the most 
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brilliant results in mercerising, but good results 
can also be obtained on yams spun from oombed 
Ainerioan cottons. Single yams cann()t be 
successfully mercerised on. account-of the twist 
being too weak to resist the shrinking of the 
fibres. The best results in mercerising cotton 
fabrics arc obtained on face cloths, suc^h as 
sateens, Italian linings, &c. A considerable 
change in the structure (jf the fabric takes place 
during mcrccrisatiou M. Hubnor, J. Soc. Dyers 
and Col. 1911, 27, 128). 

The removal of all K)Ose fibres from the sur. 
face of the material by careful singeing leads 
to an increase of the lustre of the mercerised 
fabric. 

Cotton yarn is usually morccriRed after it 
has been boiled in the kier, whilst cotton fabrics 
are sometimes only scoured before mercerising. 
More frequently the fabrics are meroorised after 
the first ‘ boil ’ in the kier. or in some cases aftcj 
they liavo bi«m blcaclic(j (‘ clieniiekod ’). ('otton 
ill the loose state, as it comes h-oin the bale, 
cannot bo successfully in<*rceri8eil. 

A number of methods have boon suggosiod 
for inoicerising cotton in llm siuto ol ‘ shvi-r,’ 
but none of these tiicihods has, so iar, found any 
evtoiiHivo practKail apphoation. 

No satislactory liist.rc can bo produced by 
treating oops or ‘cheeses’ (cross-wound spools) 
with caustic soda lye : but cotton yarn in the 
hank is very largely and successfully niorcorisod. 
Automatically working niaohincs are used for 
this pur]) 03 c, in which the yarn is stretched, by 
subjection to tension, over heavy iron rollers, 
both during impiognation with the lye and 
during washing. 

(Jotton warps (ran bo nuuiaM’iHod in a machine 
roscmbluig the ordinary warp-dyomg macliine. 
The warp is usually unpn'gnal-ed with the soda 
lye in the first two conipartmonts, while it U 
washed free from soda in the other compart¬ 
ments. Provision should be made in ord(‘r to 
allow each successive 8<‘t of squooy.uig roller*! to 
bo run at a slightly higher sjiood. In some cases, 
warps arc ineroerisod m a machine rosembimg 
the ^ yarp slasher.’ 

Although a great vanirty of machines have 
been invented and iisimI lor nuTccrising cotton 
piece ^oods, maidiines m wiu(;h the fabric after 
impregnation is strotohod^on a ‘ clip stenter,’ 
are^ now chiefly employed. A complete mer¬ 
cerising range consists of a padding mangle, tlie 
steutpr witli washing arrangement and ^he 
necessary washing, souring, and washing cis¬ 
terns. Jn the padding mangle, the cloth is 
usually twice imjiregnaied with tlie caustic soda 
lye and squeezed after each inqirognation 
between cast iron and indianiblK'r bowls. The 
trough containing the lye in often provided with 
an outer cavity to which ice tn^ be supplied or 
through which refrigerated brine may bo cir¬ 
culated in order to keep the lye at a low and 
uniform temperature. After impregnation, the 
cloth passes usually directly on to the stenter in 
which the edges are seized and held by two end¬ 
less chains of clips, which travel along each side 
of the stenter. The end of the stenter at which 
the cloth enters is tapered and thus the fabric is 
gradually stretched out to its ‘ grey width,’ after 
which the chains run parallel to the delivery end. 
While on the stenter the caustic soda is removed 
by showering hot water on the cloth. The 


1 economy of recovery of the caustic being of 
I importance, it is customary, in order to obtain 
a wash-water containing a high jiorcentage of 
; caustic soda, to conduct the washing on the 
counter-current principle. 

For this purpose three or more sets of spirt 
pipes are provided, clean hot water being intro- 
; duced into the first set of pipes, which are placed 
, nearest the delivery end of the machine, whilst 
i the same water is then used successively in the 
other scits. The cloth is ultimately released 
, from the clips and passed through a number of 
i tanks containing hot water and weak acid and 
; passes finally through a washing machine. 

With a view to ensure compl^^e penetration 
j of cotton fabrics when mercerising at a high 
I speed, Mather and 1‘Iatt have introduced a 
1 meri'crising plant m whicJi the fabric, after 
having been impregnated in the mangle, is con¬ 
ducted over jf number of iron drums, from which 
it paases into a second impregnating mangle, 
before bi'ing eondiicted on to the stentenng 
frann?. 

Krais has paten{-(‘d an arrangement bv means 
»»l which the soda lyo is forced out of the cloth 
by blowing sU^arii against it. 

In oj-der to enable the soda lye to be used 
over again, the w-ashw-ators are concentrated 
in multij>bv«dTect eva))orator8 and ultimately 
: treated willv caustic lime. 

Reaciion^ for the characterisation of mercerised 
: cotton .—Althoutrh thoroughly mercerised cotton 
I fibres exhibit very specific microscopic charac- 
j teristics (see Fig. 2), it is exceedingly difficult in 
I many instances to decide with certainty whether 
: goods have been mercerised or not, because the 
fibres have frequently only been incompletely 
penetrated by the soda lye. The following 
chemical rcaeiions (.). Hiibner, J. Soc. Chem. 
Ind. 1008, 27, 106) may be used in order to 
ascertain w-liethcr cotton has been treated with 
caustic soda lyc. 

1. ]f (lark-eoloiucd samples have to be 
tested, it will be necessary to first discharge 
the colour and to completely remove any 
etarcii which may bo present. 'J’ho sample 
should tluui be squeezed between filter-paper 
and immersed for a few seconds in the following 

, solulion : 20 grams iodine dissolved in 100 o.c. 
of a saturated solution of potassium iodide. If a 
nou-mercerised sample is immemed along with a 
inercensed one and if, after renoval from the 
iodine solution, both samples are washed re¬ 
peatedly in water, it will be noticed that the non- 
mercerised e(jtton becomes white, whilst tlie 
mercerised sample remains of a bluish-black 
colour, wliich only fades very slowly on pro¬ 
longed washing. 

2. Two solutions are prejiared, (o) containing 
280 grams of zinc chloride in 300 c.c. of water 
and (&) 1 gram of iodine, 20 graifis of potassium 
iodide, 100 o.e. of water. The reagent is pre- 

; pared by adding about 10 drops of {b) to 100 o.c, 

I of (a). A mercerised pattern, immersed in this 
solution for about 20 minutes, turns a dark 
reddish-blue, whilst non-mcrcerised cotton re¬ 
mains jiractically white. 

Jiy immersing samjiles which have been 
mercerised with known strengths of caustic 
soda along with tho one under examination, it* 
is possible, by comparing the depth of colora* 
tion of the samples, to ascertain, with a certain 
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degree of accuracy, the strength of caustic soda massive, associated with cinnabar. Its hardness 
which has been employed in merocrisation. is 3 and its specific gravity 7*8. (Quicksilver, 

J. Hii, 1913-lOlft, Imperial MineralResourcesBureau ) 
MERCURIC FULMINATE v. Fulbunio acid ; The chief deposits are at Almaden in S])a»n, 
also Explosivbs. at Idria in Carniola, at Monte Amiata in Tuscany, 

MERCURIOCOLOLEO. Double. oleatc of and at Now Idria, and other localities in 
chlolosterol and mercury. California. There are also deposits in Texas, 

MERCUROCHROME. The disodium salt of Nevada, Mexico, the Carj)athian mountains, 
dibromoxymercuryfiuorescein xised as an anti- Russia, China, Asia Minor, and in other coun- 
septic for the gonito-urinary tract. Iridescent trios. 

^een scales or granules, odourless and permanent The famous Alin.adcn mines in Spain were 

in the air. Fn-cly soluble in water, soluble in known to Th(‘oj)lira8t!iH, n.o., as furnishing 
dilute alcohol, insoluble in chloroform or etlici'. cinnabai to the Greeks, and they were after- 
Does not precipitate proteinsHiid docs not give wards worked by the Romans. The cinnabar 
the usual tes^ for mercury, Gives with hydio- penneates or occurs as pockets in thick veins of 
chloric acid an orange-red ^irecipitute. 'J'he quartz inclined at a high angle and contained m 
solution stains the skin red. The free acid is a Sdurian slates (Phillips'’ Ore Deposits, 374). The 
red powder insoluble in water but readily ore contain.^ bituminous matter and iron pyrites, 
soluble in sodium hydroxide solution with a Native mercury aceuiniilatea in the numerous 
deep cherry-red colour showing fltiorescenee on rlefts and cavities in the deposit. The richest 
dilution. ore c.oiitains about 25 ji.c. of iiieicury, and the 

MERCUROL, MERCURIOL, MERCOCHI- mean yield of the ores, worked in was ()'5 
NOL, MERGOL, MERIODIN v. Syi^thetio p.c. (Quicksilver, ]‘)13-1919. Imperial Mineral 
DRUqs. Ke.'.ources Bureau). 

MERCUROPHEN. Trade name for oxy- At Idiia the suljihido occurs as a daik r<'<l 
mercuri-o-riitr(»)>hcnoxide, an «»dourle8s, brick- slaty dc|>osit contained in veins or dis.sciniiiated 
red powder, used as an antise]itic. Has a lowei in triassic shales and hincslones. Koine hepatic 
toxicity than mercuric chloride, but is iimcb cinnabar occurs and also korulkncTZ or coral ore, 
more active as a germicide^. wbicli contains calcium jdiosphate (Phillips, l.c .. 

MERCURY. Quicksilver. {Mcrrvrc, Pr : I :i2!>; Lipoid, Oc.steir. Zeitseh. 1882, 30, 84). 
Quecksilber, Gcr.) Sym. llg. Atr.w. 2('Oti2 i 'I'lio mines W(?re discovered in 1490 and have 
(Easley ami Brann); 20()\37 (Taylor ami j been in the hands of the (h)vornmcnt since 1.580. 
Hulett); 200*.57 (Baker and Watson). I 'J'he ore varies in giade from .■'Inhldz, containing 

OrPS. Nnhvf vicrcnrJi occins as a deooiujtosi- | 75 p.e. mercury, down to ores rt>ntaining0'2 p.c., 
tion product of cinnabar in the upper ])ortionH of the average being about J •! p.c. 
the deposits of that mineral. The mercury is At Monte Amiata, cinnabar occurs as 
usually disseminated tlirough the tire in tin* form segregations in I'kicene formations. These 
of minute globules wbielj stmietiines collect in defiosits were exploited bv the ancient Ktruscans 
cavities in the rock. In ('aliformn, native and again in the Middle Ages. 'J'he present 
mercury disseinhiated through serpentine or in ojicrations were begun at Sie/,e in J841). The 
detritus has been found near (he outcro])8 at the averagt; amount of quicksiher ctmtained in the 
Sonoma mine. Rattlesnake mine, A.e., associated orx;s was 0 K p.c in 1908. 'J’lio tiutiail has ristm 
with mere traces of cinnabar. At greater from 17.‘{ tonsin 1K98 to 1303tons in 1920 (Spirek, 
depths the ore is always cinnabar alone (Rgles- >icitscli jmikt. Gcoi. 1897, 3(i9 ; Kchnabel and 
^m’s Metallurgy of Kilver, (fold, and Meicuiy Louis’Metallurgy. 2nd cd. n. 335 ; C.dc Castro, 
in the United States, ii. 80J). Le Mmiere di Mercuno del Monte Amiata; 

Native amalgam containing about 70 ]).c. of Quicksilver, 1913-1919). 
silver is found in crystals belonging to the cubic At Nikitowka, the ore consists of sandstone 
system at Arqueros, near Coquimbo, at Moschcl- of '-arbontferous age impregnated with cinnabar, 
landsberg in the Rhine provinces and elsewhere lii 1900, the yield of^mercury w'as only 0''28 p.c. 
Native calomel (7<or?j mercury) HgCl occurs at and the jiroduction fell from 0)0 tons ol mercury 
Idria and Ahn?pden, and selonidc. suljiboselenide in J897 (o 47 tons in 1908. 'The deposits were 
{pru)jrite.), and other eompoimds of mercury woyked by tlie ancient Greeks, and after a lapse 
have also been found in small quantities in of 2000 ycais ojierations were begun again in 
various localities. Oxychlorides of mercurj 1880 (Schnabel and Louis, he.), but have been 
{ierlinguaitef fgh‘sio7iik’ h\u\ movlroijdiie) occur trifling m extent since 1912. 
with cinnabar in Texas. In California cinnabar occurs disseminated 

Cinnabar llgS is the only (ue w'bicli is Ihiough a zone of slates, serpentine, sandstones, 
regularly worked for incn ury. It is dimor- ’ and limostoiies of Cretaceous and Jurassic age. 
phous. The red variety, cinnabar projHT, occurs ISoiiio rich ore ocemrs, especially where serpen- 
in rhombohedlal crystals, but is usually found j tine and sandstone are in contact, but the 
massive or earthy, intermixed with quartz, i average yield is now' under 0*4 p.c., although it 
sandstone, schiste, bituminous substances, iron i was 38 p.c. in 1850 with a similar output. The 
pyrites, &c. It is distinguished by its red ! deposits were known to the Indians, who used 
colour and scarlet streak. Its hardness is 2*5 I tlio cinnabar as paint, but the mines were first 
and its specific gravity 8*1. 'W'hen intermixed j worked systematically in 1845. The most im- 
with bituminous substances which give it a dark j poitunt mines uie New Idria and New Almaden, 
colour, it is known as hepatic cinnabar. Cinna- ! but the latter now yields very little, being 
bar occurs in eruptive rocks and in sedimentirv j almost exhausted. 

• rocks of all ages. Meta-cinnabarite is a black : Mercury also occurs as a sulphide in ores of 
variety of cinnabar with a black streak It . other metals. The mercurial fanlore ( vee Fabl- 
occuTR in tetrahedral crystals but is usually obe) of Hungary contains up to 17 p.c. of 
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mercury. At Kotterbaoh this fahlore occurs in 
spathic iron ores (Schnabel and Louis, ?.c. ii. 438). 
According to Bollingrodt (Chera, Zeit. 1880, iO, 
1039), zinc blende roasted at Oberhausen con¬ 
tains 0*2 p.c. of mercury which is extracted as a 
by-product. Zinc ore is also treated for mercury 
at the Taghit mine, Algeria (Min. Ind. for 1902, 
11, 648). At Nipissing, Cobalt, Ontario, silver 
ore occurs containing from 2 6 lbs. mercury 
per ton, chiefly in the form of native amalgam 
(Kng. and Ming. .Jour. Dee. 7, 1912, 1078). 

Extraction from ores. 'J'hero are two 
methods of extracting merciny from cinnabar 
suitable for use on a largo scale:— 

1. Dy heating cinnabar m air, the action 
being roprcsonti'd by the equation 

HgS + 0,- l!g ! SO, 

2. By heating omnaliar with lime or iron, 
air being excluded. The chemical action may. 
be represented by the equations 

4HgS -t-4Ca0-4ag+3CaS+0aS04 

llgS-f-Fe^-llg l FeS i 

In each of these oases, the teinprratiire j 
necessary for the reaction is higher Ilian the j 
boilmg-poiut of inercuiy, so that the latter is ■ 
volatilised and has to bo condensed. In the air 
roasting process, the mcreiirial vajiours are 
mixed with a large volmue of .sulphur dioxide, 
nitrogen, carbon dioxide, and other gases, and 
condensation is diflioult. Nevertheless, the 
roasting process is now generally used, jiartly 
owing to the high cost of retorting with lime or 
iron, winch prohibits the use of that method 
for ]joor ores, but mainly on account of the 
injury to the liealth of the workmen liy the 
concentrated mercury vapour which tln^y inhale 
when the retorts are emptied. 

Some of the d^piculties of treating cinnabar 
by the roastmg prot^ess aie a.s follows- 

1. 'Pile airiouiil of mercury in the ores is 
small, sometimes only 0*2 or 0*3 p.c., and part 
of this is obstinately retained by the residues, 
noeessitating long-continued treatment at. a red 
heat. 

2. The mercurial vapours readily penetrate 
the brickwork of thc5 furnace and condensers. 
This is chocked by keeping the jireasnre of tin? 
ga.ses inlide the furnace and^condonsers slightly 
liolow the outside atmospheric pressure by 
moans of a fan placed at the outlet. By this 
device also the workmen are protected fropi 
the mercury vapours. The exhaust must not 
be excessive or the retention of the mercury in 
the condensers would not be complete. The 
furnaces are now always covered witli iron 
plates, so that penetration of the masonry by 
mercury occasions only a temporary loss. 

3. Liquid mercury penetrtitt's the furnace 
bottoms. According to 8pire*k, over 1000 
centners of mercury have been recovered from 
the foundations of furnaces at Idria. To pre¬ 
vent ultimate loss, furnaces stand on iron plates 
with upturned edges, draining to a little sump 
whore the mercury may cfillect. 

4. The gases from the furnace are acid, 
owing to the presence in them of SO, and SO,. 
3’he condensed water accordingly attacks iron 
condensers, whilst most other metals, such as 
copper, would form amalgams with the con¬ 
densed mercury. Stoneware, glass, and wood. 


as well as iron are used in the construction of 
condensers. 

.6. or mercurial soot is formed, con¬ 

sisting of finely divided mercury together >^ith 
! mercurj’^ sulphate, and chloride, and sooty pro¬ 
ducts of the fuel and the bituminous*and other 
constituents of the ore. 1'he soot accumulates 
. in the condensers and is treated subsequently 
'■ by special processes. At Monte Amiata, it 
I contains 70 or 80 p.c. of all tho mercury re- 
I covered. Although inconvenient if formed in 
! very largo quantities, however, soot is useful 
I when amounting to about 1 p.c. of the ore 
; treated, as it assists tho condeuHod mercury 
I {i/uich'ili>er-Kn6l or qaif.hsdvcr-J^Kin^) to settle in 
tile condensers and dust chambers and reduces 
the vapour loss by forming a dry crust over tho 
liquid quicksilver. 

According to ('liristy ('J'rans. Amer. Jn.st. 
Ming. Eng. 1«S4, 13, 547; 1885, 14, 200), the 
issuing ga.ses are saturated with mercury vajiour 
at New Almaden, and the loss as vapouiLcan be 
ealuulated from the vapour pressure of mercury 
at the tempemtuie of the gases. According to 
S])irek, however (Min. Ind. for 1897, 6, 671), 
the gases at Monte Anuata had a saturation of 
only 30 45 p.c., owing to tho action of the 
Hiupp. In any case, it is clear that tho tem- 
jierature and volunu' of the issuing gases should 
be kept as low as possible. 

The mist loss, duo to lino particles of mercury 
licing carried aw'ay mechanically in tlie efifluent 
gases, ilcpcnds on the method of condensation 
and the velocity of the gaseous current. It is 
usually from 2-21 times the vapour loss. 

According to Duschak and Schuette (Ming, 
and Sci. Press, Sept. 7, 1918, 315; Technical 
Pajior No. 200, U.S. Bureau of Mines) the losses 
in the sl^ick-gas at two mines in (California were 
as follows in grammes of mercury jior cubic 
metre of gas :— 

New Jdria 

Old jilant New plant Ocoaulc 
Total los.s . . 0-020 0'086 0*047 

Vapour loss . . — 0'052 0-034 

Mist loss (by dill.) . -• 0-033 0-013 

Tho total losses in tho issuing gases were about 
I ]).c. of the mercury in the ore at tho new con¬ 
densing plant at New Idria and 1‘3 p.c. at the 
I Oceanic. The gas leaving tho old condenser 
system at New Idria was only Waif saturated 
with inercury vapour. The loss in the effluent 
condenser water was about one-third of the loss 
in the gases at New Idria but was negligible at 
the Oceamc. The lose due to absorption of 
mercury by porous materials used in the con¬ 
struction of the condenser system may be much 
greater than .the fume loss. * 

Tho total losses of mercury, which, according 
to Schnabel, formerly amounted 50 p.c. or 
more, have now been reduced to 5 p.c. or even 
! less of the mercury present in the ores, in spite 
! of the great fall in the richness of the ores 
treated. This reduction of loss is partly due 
to tho labours of the metallurgists at Idria since 
1870, the names of Exeii, Langer, Czermak, 
Spirok, Novak, and others being associated with 
imju-ovements in the methods of treatment. 
Much progress is also due to the work of the 
Italians at Monte Amiata, and especially of the 
Americans (Scott and others) in California. 
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bricked up and charging in completed through 
the door in the top arch. The total height of 


Ores are not usually finely crushed fur the 
roasting process, and they are seldom prepared 
for reduction by mea-ns of concentration in 
water. For ten years the ore at the Comacchino 
mine, Monte Amiata, was dre^d, with the 
production of a concentrate containing 25 or 
30 p.c. of mercury, and tailing assaying from 
0‘6-l p.c. of mercury which was thrown on 
the dump. The tailing was subsequently treated 
at a profit in the continuous fine ore roasters 
and concentration has been discarded (Mineral 
Industry for 1807, fi, ''‘00). 

In 1014, however, siiveral concentrating | 
plants were at work iii California on ores which ' . . . „ 

were too poty for treatment in furnaces without j the cylindrical shaft is from 20-2G feet. On 
being dressed previously. W. W. liradlev has ' the arch c is ]ilaced 2000 kilos, of quartz or of 
■ ‘ ■ 1 poor ore in large ])ieces, so that the flames rise 

I 4 li 41.,.1.. lu wSt.ll 



.shown on an experimental scale (Quicksilver . . 

Itesourccs <»f Califoniiu, 1017) tliat certain ^ through thorn readily, 
friable ores with crj'sfalime (tjunahar give high ; 10- 


This is covered with 
14 tons of ore, beginning with ore of medium 


recoveries witJi watei' <‘o/icentra/ion on tables, ‘quality {requichro, eonfainiiig from 7-15 p.c. 
Klimed cmiiabar is lost l>ut can be recoveicd by ■ of mercury). Upon this is charged the poorer 
flp^tiori, using a mixture of tur|ientino and I 
})etroleuiu. A combination ot the two methods | 
of concentration is therefore indicated, ifradley 
also found that mereury ores could be trcatial ; 
by leaching with alkaline Hiilphide (Na_S and 
NaOtl). 'I'liOHo methods hiiv<' not yi‘1 jmssed 
the experimental stage. 

Types of furnaces. A number o1 different 
furnaces have been useii for the t.rcatineiit of 
mercury ore m the course ot the last 1(K) years. I 
III thti diBcontmuoiia shaft funmee (AInclel and \ (.ontainiiis about 1 ]H;. of mercury), 

Idria furnaces) the ore in the form ot lumiis. oi eontainmg over 15 p.c. 

tinea made into balla, was piled in a sliatt on a j mercury^), and iasf.ly small ore of mixed quality 
perforated airli iir (jrato and lieated liy tlie ' ,„ado into balls. 



Fra. 2. 


The furnace is then oloserl and the charging 
doors lull'd up, and the aludels are luted 
logeilu'i' m position. 4'liese are. pcar-.sliapcd 



products of combustion of a fire ]iiaced belov. 

Shaft furnaces working continuously (Exeli, 

Langer, and Knox furnaces) succeode,d, in wineli 
there was no gratii to support flu; ore. 'Die 
heating gases euteri'd the sliaft at the side some 
distance from the bottom. In a nioi’c recent 
typo of continuous shaft furnace for tieatmg 
coarse ore (H&hner, Vahdta, Novak, and Spii'ck 
furnaces) there is no external lire, the ore being 
charged in mixed with charcoal. 

In fine-oi'e shelf furnaces (Huttner ami 
Scott, Livcrmoj'c, Czermak, and (.’zcrmak-SpiroK 
furnaces) the ore jiassos down over a series of 
sloping shelves and is boated hy the gases from 
an external fire. These furnaces are more 
economical than the coarsi'-oro furnaces and 
are in widcf use. Keverbeiatory fuinaecs 
(Alberti, Exeii ironclad reverberatory, Ozeiinak- j , 

Spirok reverberatory) are used in certain caacs. | clay condensers, 18 inches long, glazed on the 
Lastly there are the retort furnaces. i outside, and so shaped that the narrow end of 

A more detailed description of some of tliese t eacli fits into the wider end of the next following 
furnaces is appended. ' one. They are arranged in 12 parallel rows 

AIM or }iuH(amenle old-: each conUining 4(M5 aludels, lying in grooves 

fashioned form of furnace was still »n use at , on a sloping roof, ^0^', Figs. 3 and 4. The aludels 
Almaden in J IM)7 and is probalily not yet entirely ' communicate ^wfth condensing chambers Ar, 
discarded. It is an intermittent shaft furnace, i 
designed by Rarba in Peru and introduced into , 

Almaden by Buatamente in 104fl. One form of 
Aludel furnace using wood as fuel is shown in 
elevation and plan in Figs. 1 and 2, and another 
and later form with a grate for coal is Figs. 3 
and 4. In Fig. 1, a is the fire-door, h the fire¬ 
place, c a perforated brick arch above whiqji is 
the circular distillation chamber, 4 feet 3 inches ; 



Fid. 4. 


in diameter in the smaller furnaces, and 6 feet | Figs. 3 and 4, p, Fig. 1. The products of com- 
(f inches in the larger. The ores are first charged | bustion from tbe fire pass in part through the 
in through the opening if, which is afterwards flue Fig. 1, t. Fig. 3, but mainly through the 
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bed of ore. The mereuriel vapours, sulphur 
dioxide, and the products of combustion of the 
fuel pass through the aludels where partial 
condensation takes place and into the chamber fc, 
Figs. 3 and 4, passing below the partition I, The 
condensed mercury in part drains out of the 
aludels into cast-iron pans situated below {g, 
Fig. 2). In the coal furnace shown in Fig. 3, 
the mercury drains from the aludels at g, \ 
through the- wooden pipes, h, to cisterns filled 
with water. 

The fire is maintained for 10 or 12 hours, thus 
heating the column of ore sufficiently to enable 
the cinnabar, pyrites, and bituminous matter 
to burn in the current of air, which is raised to a ‘ 
temperature of 2()0°-300° by passing through 
the layer of quartz before it reaches the ore. 
The ores burn for 44 hours, a period during which 
the first aliid(‘l reaches a temper.iture of 24o'’- 
200®, and the last aludcl one of 2!>® Boinevvhat 
later fKnss, Ann. dcs Mines, 1877, Kl. MO ; I87H. 
15, 524). The furnace is then ofumed and tlic 
residues allowed to cool for J8 hours, after wliich 
they are withdrawn and the furnace reeharged. 

The aludels are cleaned out oiico in one or 
two months, according to ])osition, and the .soot 
eollocted and prepared for re treatment. 1'hc 
hisses of mercury, according to Langm* (Berg. n. 
ITiittnm. .lahrb. Beig-Akafl. 1870) amounled 
in 1870 to an average of 20 p.e. (.SVr also 
Moreau, Le G6nie fhvil. 1884, 380; Kng. and 
Ming. Jour. 1881,32, 335 ) 

Idrian fiinwoe .—The aludcl furnaces were, 
introduced at Ttlria about 1750. but wore soon 
altered into the form known as fdrian furnaces, 
in which the condensing apparatus (onsists of 
largo brick chambers in jilace of aludels. 'Phese 


in devaUon and plan in Figs. 5 and B, but three 
furnaces are united in a single block. The 
outer walls are cased in iron pla^. The shaft a 
is rectangular, 7 metres in height and 2 metres 
by 2*4 metres in cross section at its widest part. 
There are four openings, h, b, for th<f removal of 
the residues. The brick shaft stands on a cast- 
iron plate, c, supported by legs and standing on 
a brick foundation, accessible also from below at 
of. Any loss of mercury in the foundatioiw is 
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furnaces gave higher percentage losses than 
aludcl furnaces but were worked more cheaply. 
They were diaourded at Idria in 1870. (Srr 
Schnabel and Louis, f.r. ii. 352.) For descrip¬ 
tion of oldc.r methods of ore treatment at Idiia, 
■sre Milter (Vortrag auf <lem BerL'inannsta^ zu 
Klagenfurt, 1893); also Agricola (Dc ro Metal- 
lieu. Lib. ix. 1550). i 

ICxeli furnace .—'I’he introduction of shaft; 
furnaces fired continuously marked a great 
advance on the older forms. One of tlie curliest 
of theje was the Fxeli furnace, built at Idria in 
1872 (Das K. K. QuecksiHier bergwerk Idria in 
Krain, Vienna, 1881 ; Schnabel and Louis, l.c. 
358), and introduced by Randol at New Alma- 
den in 1874 (Egleston. l.c. ii. 857). It "was 
surrounded by three external fireplaces and 
cased in wrought iron to prevent loss of mercury. 
It was afterwards altered by bricking up the 
fireplaces and charging cliarcoal with the ore at 
the top of tne furnace. For the Lavger furnace, 
see Schnabel and Louis, l.c. ii 305, and for the 
Knox furnace, see Egleston, l.c« ii. 841. 

Novak furnace. —This is a good example of 
a continuously working shaft furnace in which 
the ore and fuel come into direct contact. It is 
suitable for coarse ore in cases where charcoal 
can be obtained cheaply. The earliest shaft 
furnace of the kind was the H&hner furnace, used 
at Idria from 1840 to 1852 (Schnabel and Louis, 
l.c. ii. 407). It was replaced by the Valolta 
furnace (Berg. u. HUttmn., Ztg. 1864, 284; 
1868,32; Eng.andMng. Jour. 1872,14,Nos. 11 
and 12). The Novak furnace was introduced at 
Idria in 1892. One of these furnaces is shown 


thus prevented. The roof-shaped ridge c, in 
; the btittom of the furnace, is pierced with many 
small holes for the supply of air. The charging 
hopper / IS fitted with a water-joint and tho 
pipe g leads to the condensers. Poor ore in 
111 mps not smalhu' thauO 'O? inch mesh and pressed 
soot arc treated, one ton of ore together with 
10 p.e. of its weight of charcoal being charged 
into tho furnace every 2 hours. The condensers 
are of the usual Czerinak type, see Fig. 11. The 
])roductiou of soot amounts to 0’5 i).e and the 
loss of mercury to 7 or 8 p.e. With furnaces of 



this type the formation of soot is much less than 
in tho fine ore furnaces about to be described. 

The modern Czermak-Spirek shaft furnaces 
used at Siele, Monte Amiata, in which the loss is 
only 2 or 3 p.e. of mercury, are described in the 
Mineral Industry for 1901, 10, 669. (See also 
Spirek, Sixth Internat. Cong, of Appl. Chem. 
Rome, 1906.) 

Hhttner and Scott furnace (Schnabel and 
Louis, Ic. ii. 372; Egleston, l.c. ii. 864). This 
furnace was introduced at the New Almaden 
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minfis, California, in 1875, and wa^ the earliest 
of the shelf fumacoa, whj<‘h are especially 
suitable for treating fine ore. At New Almaden 
the small ore of less than I *2 inch cube was called 
iierraSf and the larger ore of between 1-2 inch 
and 2*3 inch cube, was known as granzitas. 
Those materials were treated in separate furnaces 
built on the same j)rinoipl(‘, with a large number 
of inclined shelvcH »h>]nng at an angle of 45° in 
alternately opposite directions, upon which the 
fine ore slides down, Idling up the sjiaces between 
the shelves. 'I'ho products of conibustion *tf 
the fire pass horizontally bi'twcon tlie under 
side of the ehclvoH on t;aoh tier and the surface* of 
the ore resting on the shelves of the next tier 
below. The orin is thus heated and roasted, and 
is finally discharged at the bottom t>l the 
furnace. 

One of the newer forms of this furnace whs 
built by Newcomb at Oat Hill, OaUfornia, in 
1898 (Mineral Industry, 7, 583). Fig. 7 is a 



Fra. 9. 



Fiu. 7. 

vertical section tlirough the furnace and the 
first section of tlie condensers; and Fig. 8 is a 
front view, with l-lie furnace in section and the 
condciisora partly in elevation. Fig. 9 is a 
hoiizontal section of the furnace on a, b, Fig. 8. 
The ore is passi'd through i‘5 inch gratings 



Fra. 8. 

before entering the ore-bin a. Figs. 7 and 8, 
whence it passes over a drying platform 
placed above the condenser, and is discharged 
into a hopper, c. The hopper is kept full of ore 
whioh acts as a seal when a slot is opened and 


, some ore let fall into the furnace. Two tons of 
i ore are thus charged in at intervals of one hour. 

Tlie furnace is of brick, 22 feet by Jfi feet, 

' and 37 feet high, outside measurements. The 
I roasting chamber is divided into 
i four compartments, d, Figs. 8 and 
9, by three vertical partitions, e, 
ami in cacli comiiartracnt is a 
HorioH of 24 slojnng shelves 
’ Mg. H) consisting of fire clay tilea 
which allow the ore to slide down 
in a zig-'/ag path. 'I’he ore ])iles 
. up on the shelves bridging over the ()-inch 
H|»i(-cs bctwoi'ii them, so that the products of 

■ combustion from the fiio-box, /, Figs. 7 and 9, 
cannot nse vertically in the shaft but pass 
horizontally under tlie sliclvcs from / to g, 
Ihcnoc from if to h, following the course indi¬ 
cated by the arrows, and finally fjom h to *, 
whence they escnjie l)v two cast iron exit 
})ipc 8 j, to the condenser 

I'he sjxjnt ore is discliargcd by being raked, 
at intervals t)f 1.5 minutes, tlirough the openings 
I, I, winch are placed 5 fei't. below the level of the 
fire-grate, so as to eiiulile the ore to be cooled 
before it is withdrawn. 'I'he furnace holds 40 
Ions of ore, so that the ore remains under tieat- 
nient about 20 hours. The fuel used is 
cords of wood in 2-1 hours. The temperature is 
kept as low as possibh', a cheriy-r<‘d heat being 
aimed at, and hardly a trace of cinnabar is 
found in the material disehaiged. 

'Phe condensers aie of brick, with cemented 
floors sloping down io the discharge apertures 
in, Jrt, Fig. 7, wlieneo tlie metal runs to the quick- 
siJver tiougha v, a. Fig. H. \'eiy little mercury 
is condensed in the tiist compartment k, but the 
amount increases up to the last comjiartment o 
of tho first condenser. After this, in passing 
j tlirougli the remaining six kriek condensers 
I p, p, Fig. S, the amount of mercury recovered 
I deeieases. The fumes next pass into the wooden 
j flue* condenser 7 , Fig. 8 , eventually being dis- 
I charged into tlie open air thiougli a vertical flue 
j in wiiieh an exiiaust fan is ])laced. The length 
i of travel in the condensers is 490 feet. About 

■ .30 ji.e. of the total yield of mercury is obtained 
from the soot. The loss of mercury is estimated 
at about 5 p.e., and the labour required is 4 men 
per shift ^vith a fifth during the day to at fend to 
the .soot-j>an. 

I In C’ahfornia, the Scott furnaces are in 
i gen*eral use, the ore being only crushed to 2 
: or inches diameter, so that the fine-grinding 
I evil is avoided. Shaft furnace.s appear to have 
: been discarded in California, as less advantageous 
I than the shelf furnaces. 

Multiple-liearth mechanically-stirred funiaces 
have also been in use in California, and it is 
[ claimed that thgy^re less costly to build and' 
I operate. However, they require more skilled 
labour and more frequent repairs involving 
i delay, and have fallen into disuse. Rotary 
I furnaces of the cement-kiln type were introduced 
at the New Tdria Mine in 1918 and proved 
i highly successful. Wet ores could be treated 
without being dried, but ores containing a large 
amount of sulphur or an excessive amount of 
fines were less amenable in the rotary furnace, 
and are considered more suitable to the Scott 
furnaces (Eng, and Mng. Jour. 1919, 107, 86 ). 

Czermak-opirek continuous roasting furnace 
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{Mineral Industry for 1897, 6, 572). This ' 
furnace is a modification of the Czermak furnace ! 
introduced at Tdria in 18.86 {see Schnabel and j 
Louis, Lc. ii. 388). It is on the same principle 
as the .Soott furnace, and is similar in being . 
suitable for the treatment of fine ore. 

It consists of a rectangular chamber of iron, I 
with two fireplaces, one at each end. The fires j 
are lighted alternately, only one being at work j 
at any given time. The products of combustion 
pass into a wide flue or combustion chamber 
extending longitudinally in the middle line of 
the furnace near its base. Hot air from iron 
pipes used to cool the ore just before it is dis- 
charged is used for combustion, and an excess of 
air is supplied. 

The ore is fed from above u[)oii V-shapcil 
tiles, with the apex upward, ranged in parallel 
hnoM, in such a way that the apex of each tile 
is opposite the sp.ice lK‘t\veen two tiles in llie 
layer next above {sec l'’ig. 10). 'I'he ojo slips 



down the tiles and completely tills the space a 
between two successive layers of tiles. When 
part of the residues aio withdrawn from the 
bottom of the furnace, there is a general subsi¬ 
dence of ore extending to the top. 'rhere is a 
regular system of oval openings m the sides of 
the furnace pr<)Vided with movable covers, 
through which iron bars may be introduced to 
(li.slodge the sintered ore in case of necessity. 
The V-shapod tiles are supported on longitudinal 
walls mode of perforated bricks. 

The products of combustion and hot air from 
the comimstion chamber circulate through the 
furnace by the p.a8sages b, between the tiles 
and the ore and* pass out at tlie top of the 
furnace* through cast-iron pijics into the con¬ 
densers. The temperatures m the furnace arc 
tts follows : ore on discharge^ 100° ; air supplied 
for combustion, after being used to cool the 
roasted ore before it is discharged, 300°-36ff ’; 
combustion chamber, S00°-900°; m the first 
tier of tiles of the roasting zone, 700°-800° ; in 
the fourth and highest tier, 360°-4()0°; in the 
passage to the condenser, 2(K)°-360°. 

The condensers are of the usual Czermak 
pattern, consisting of cast-iroi^ pipes of elliptical 
section (a, Fig. 11). In positions where the 
temperature is below 100° so that the acid 
vapours are condensed, the iron is lined with 
cement to avoid corrosion of the iron. Glazed 
stoneware is also used instead of cast iron. 
These condensers arc cooled with water. The 
lower part b of the condensers is sometimes 
constructed of wood, and dips for about two 
inches into water contained in lined cast-iron or 
wooden boxes, c. The flue loading from the 
furnace is shown at d. The vapours escape into ' 
the wooden flue e. Tbe largo furnaces have 


two sets of condensers which can be cleaned 
alternately without stopping the work oi the 
furnace. From tho condensers, the vapours 



jmss into Hat wooden fluOH, or dust chambers, in 
I which a poor soot is collected. 

; The pros^uro of tho vapours within tho 
! fiiiTiaco and condcnsoia is kept below atmo- 
; s})lioric pressure by moans of a fan which pro¬ 
vides an exhaust eijuivalent, according to 
I Spirck, to a M'atcr eolnmn of about 4 mm. at 
j the outlet or 1 mm. at the junction between the 
I fiirrmco and the condenscis. 

The cajiaeity of the furnace (l<*pends on the 
nature of the ore, and in the ease of tho largest 
sized furnace at Side vanes from 16-26 tons 
per day. Tho ore remains in the furnace from 
: 41-68 hours, and is shifted by the withdrawal 
I of a portion every 2 or 3 hours. The ore is 
; roasted at a bright red heat until the last trace 
of mercury has been driven off. The condensa¬ 
tion is also verygood, about 96 p.c. of the mercury 
and soot collecting m the first 3 U-tubes, within 
i a length of 4 metres. The greater part of the 
metal, and in the case of low-grade ores the 
whole of it, remains in tho soot, and is recovered 
, in part in soot presses, or by rubbing on an in- 
; clinod surface and in part by redistilling the 
I soot in a small continuous roaster of the same 
pattern. At Monte Amiata, tho average loss of 
! mercury with these roasters is 4 or 5 p.c., after 
the impregnation of tlio wooden condensers is 
completed. Two workmen per shift arc suffi- 
ci(‘nt to attend to this furnace, one on the 
I charging floor, the other as fireman. 

; These furnaces are in use at Monte Amiata, 

' Idria, Almadcn, and elsewhere. 

1 Jleverhcrafory furjiaecs are used for the ireat- 
• mont of fine ore which yields too ^uch flue dust 
when treated in shelf furnaces, and also for 
j coarse ore which decrepitates or sinters readily, 
i Tho first reverberatory was employed oy 



Alberti at Idria in 1842, and the latest form is 
the Czermak-Spirek long-bedded ealciner intro¬ 
duced in 1888 and shown in Figs. 12 and 13. 
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Two furnaoea are placed side by aide in one 
blooi and stand on'a dish of riveted sheet-iron. 
The fire-grate a extends across almost the 
whole width of the furnace. The flame traverses 


(See Schnabel and Louis, l.c. ii. 425, where many 
anaJyees are given.) , 

The soot is usually treated mechanically to 
separate part of the mercury contained in it. 


WULTIC WlUbU OJ. bUO lurutiuu. iitvmu i.iu.vciocd 1 r- , , ..1 V 

the flue & under the bed of the hearth and then } It may bo worked with hoes on an moune 
passes over the tiled hearth c, which is flit metres : surface until no more mercury flows off, us at 
' Almaden {Berg u. Huttnm. Jahrb. der K.. ft. 

Montanlehranstaltcn, 27, 46). When rubbed 
with Iimc, more mercury is separated. 

At Idria and Monte Amiata, Excli stupp 
presses are used. I'hcso are iron pans fitted 
j with vertical knives fastened to the bottom. 
I Kevolvmg arras currying similar knives stir the 
soot and piess it against the stationary kmves. 

: Lime la added little by bttle to the extent of 
' from 17-JlO p.o. of the soot during the course 
of the opeialiou, which occupies one or two hours 
: in the case of rich material. When the soot is 
i stirred and pressed, mercury separates from it 
j and flows away through small openings in the 
bottom of the 2 )aii. 

The soot residues after treatment still 
contain 10 ji.c. oi more of mercury and aro 
treated mixed witli ore m the same furnace as 
before, oi mixed witli other rieli materials m 
similar fuinuccs of small size, fH' more rarely iii 
retorts, k'ormeily where coarse ore furnaces 
i were m use, the soot residues were moulded into 
i bricks and treated wilb the ores. 

Purification, impure mercury is recognised 



long and 2‘4 metros wide. 'J’ho oliargmg hojfjjer 
is at rf, and there arc live working doois at < 
and /. The residues arc! witlidiawn every 21 
hours through thi^ (li»or / into the reeeptaeie 
f/. The gases and vapours pass through tlic 
ojiciiings h into C/.enmik coudeiiseis of the 
usual pattern. 

'J’hese furnaces treat O'b tons ol ]ioor ore and 
soot m 24 hours with a consunudion of 14H 
cubic feet of wood per lO tons of ore. 'I'lie iiro 


.»y the fact that globules aie pciir-siiaped with 
duction of Bont aiuounl.H to 1-y p.o. and tlie loss instead ol splioiica!, when made to run 

of mercury to 8 oi p.c (Sdmabel and Louis, 8p,j,i,jg surhice, ami may ev(*n leave a 

l.c. ii. 402). behind them on jiaj)(;r. Mechanical im- 

Forthedesenntionolasimilaiic\crlHuatory removed hy squeezing through 

funiaoo designed by 8pirok for the (realmeut ol ; chamoisIfiatliei or hyliltering through puncluied 
mercury-lead ores, .itc Mineral Indnsiiy for jjlotting })a})er. 

J002, 11, 648. UctoiUng at a low tcnixierature with a cover 

Mori fnrn<i((s were used for a time at charcoal and lime will remove most of the 
Jdria, Monte Amiata, and ralifonna, hut aie unpurlties. Uxidisable imimriticb are best re- 
probabiy no longer m usemaiiy partof the winld „iyvcd by the passage ol a strAim oj air through 
except, according to Schnabel, at laltai, in Oar- mercuiy, wluoh is covered with dilute nitiic 
niola. The ore 18 mixed with lime Ol iron and sulphuiic acid. The base metals are raindly 
heated in cast-iron or clay retorts, which uie oxidised by the an and dissolved by the acid 
l>ear-shaped or C 3 dindrieal m shape, and usually Harries, Zeitscli. angew. Chem. 1921, 34, 


contain from 1-6 cwt. of ore. The method is 
suitable only for rich ore or soot, but even lor 
such material the process gives no better results 
than the air-ruastmg ^iroeess, and apart Irom 


loS)). Small quantities of impurities may be 
removed meieiy by (bgcstmg or shaking mercury 
with dilute nitric acid. 

^ _ _ Mercury is kept in a glass or stoneware vessel 

cost, it has the disadvantage of jiroducmg con- ^ layer ol dilute mtnc acid of sp.gr 1*1 

centrated vapours ol mercury winch have drawn oil as fcquired by a stopcock at - , 
injurious efiects on the workmen. bottom and washed with water before use.^ 

At Littai ^Schnabel and Louis, l.c. n. 42J), Properties. Mercury is a silver-white llqinfi 
ea»l-iron retorts are used, taking a charge oi ^ a slight bluish tinge. In thin fflms 

2 cwt. of ore. The oro corilams 2 or 3 p.c. of transmits violet light (Melsens). 
morcury, and 5 or 6 p.c. of Umc is added. The ■ 


. light (Melsens). Its sp.gr. at 


■ ' 0“ is 13'o9645 when compared with water at 4“ 
retorting lasts 6 hours and the ioss of mercury is (Volkmaun, Xhiescii and Soheel). At —38'86°, 
stated to amount to from 5-6 p.c. (Balfour Btowait), —38-87° (Wilhelni),-38-89° 

Soot or Stupp, the deposit on the walls of : (Henning), it solidifies, contracting considerably 
the condensers, consists ol linoly divided mor- ; forming a iin-whito, soft, malleable and 
cury and couBiounds of mercury, together with ! (fyotile metal Vif sp.gr. 14-193 at its melting- 
carbon, tarry matters, and ash from the iuel and I pomf (Mallet, I’hil. Mag. >877, (v.] 4, 146). Its 
dust from the ore, amounting iii all, according i density iii the liquid state at the same tomperu- 
to Spirek, to about 1 p.c. of the ore at Monte ,3 13-(i90 (Vicontim and Omodci). Its 

Amiata. The composition of soot varies oj^otric conductivity is 1-063 X fO* at 0° (Dewar 
largely. Ono sample from the condenser of a : ^ud I'loming); and its thermal conductivity K 


Czermak furnace was found to contain 

Metallic mercury .... 

Mercury as cinnabar 

Mercury as sulphates, eblorides, &u. 


Tutal mercury 


at 0° IS O-oiiS (H. E. Weber). Eor thermal 
22*01 p.c. I expansion v. CoUendar and Moss, Phil. Trans 
6-75 ., ; 1011, 211 A, 1; Ohappius, Bureau Int. Poids 
3-04 „ , ct Mes. Mem. 1917, 10. 

— It is volatile at ordinary temperatures and 

31'80 ,, even at —44° (Merget); its b.p. is 367*25 at 
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760 mm. pressure (Regnault), 366‘7® (Heycock 
and Lamplougb), forming a colourless vapour. 
(For its vapour pressure from 40*^12®, sec 
Ramsay ana Young, Ohem. 800 . Trans. 1886, 
49, 37.; According to Bronsted and Hevesy a 
partial separation of isotopes of mercury may 
be made by evaporating the metal at low pres¬ 
sures and condensing the evaporated atoms on 
a cooled surface. The density difference found 
between the heaviest and lightest mercury 
amounts to ()’49 p.c., corresponding with a dif* 
ferenoe of O'l unit in the atomic weight (Zeitsch. 
physika!. Chem. 1921, 9i), 189). Its critical 
temporaturo is 1172® (abs.), and pressure 180 
atm. (van Laar); 1077® and 420 atm. (Aries, 
Oompt. rend. 1918, 160, 334), 1723® (abs.), and 
1042 atm. (Weber). 

It is unaltered in air, oxygen, nitrous and i 
nitric oxides, carbon dioxide, &c., at ordinary i 
temperatures. When heated to about 350®, it ' 
becomes gradually converted into the rod oxide, 
HgO, wliich is decomposed lielow a red heat. 

Mercury is not aided on by H('], and is 
almost unaffected •by dilute II 28 O 4 , although 
dissolved liy hot strong It is dissolved 

even by cold dilute IINO.^, end is rapidly 
attacked by hot or enneentrated nitric acid. , 
It is also dissolved by juiiia regia. , 

Neutral and acid solutions oi feme chloride 
are reduced when shaken with mercury Under ' 
similar conditions titanic acid is not roduccil. 
Solutions of potassium fcrricyanide, elirouiati'. 
ammonium molybdalc, sodium vanadate, and 
polrisKium antmionute when acidified with 
hydrochloric acid are ri'diiced on shaking with 
mercury. | 

When agitated with oih, tin pontine, tk.c., or; 
trituratorl with grease, fats, sulphur, certain | 
sulphides, arsenides, &c., mercury is subdivided ' 
into minute globi^les, not easily reunited. This; 
is known as the flouring, sickening, or deadening ' 
of mercury and is the cause ol losses in the 
extraction of silver and gold from their ores^y 
amalgamation. The coalescence of floured 
m‘'i'cury can be elTected with some loss by the 
action of niiin.; acid. 

Vapours of mercury have a poisonous effect 
(‘salivation’) on the animal system. Among 
tho remedies are cleanliness, fresh air, aidd foods, 
and raeft-ieration in the U 8 e^)f alcohol. The use 
ol potassium iodide is also recommended. 

Uses. Mercury is ua(;d in the extraction ol 
gold and silver from their ores, for the manufj^t!- 
turo of vermilion fv. infra), and of fulminates, in 
medicine, in dentistry, and in the manufacture 
of barometeis, thermometers, and of other soien- 
tific ajiparatus. The metal and its amalgams 
are used in small quantities for a variety of 
other purposes. 

The consumption of n»ereury in silver- 
milling was formerly very larg^ when the pan 
amalgamation process was in wide use. fn 
treating the ores of tho Comstock lode, for 
example, 7 lbs. of mercury was formerly lost in 
the treatment of a ton of ore. In modern 
stamp-battery practice on gold ores, the loss is 
only 0-2 or 0*3 oz. of mercury per ton of ore. 
The development of the cyanide process and the 
abandonment of the patio and j>an amalgama¬ 
tion processes have caused a reduction in the 
amount of mercury required in the extraction of 
silver ores. Its consumption in the manufacture 


of fulminates was very great during tho war, 
and paint for ships* bottoms is also stated 
to consume large and increasing amounts. 

The production of mercury during the years 
1918-1920 in tons was as follows (see Q^ilcksuver, 
1913-1910, Imperial Mineral Resources Bureau, 
1922):— 


— 

1918 

IDIO 

1920 

Austria 

413 

1 

1 

Hungary . 

83 

_ 


Italy . 

1021 

831 

1303 

Mexico 

161 

117 

75 

Spain 

.558 

1287 

B48 

United Slates 

noi 

717 

438 

(3nna (exports) . 

289 

79 

45 

'Total • 

3626 

2951 

2708 


Mercury is traiisjxu-ted in wrought-iron 
flasks or bottles closed by screw stoppers. The 
weight of mercury in a Spanish flask is 34'507 
kg. or 71) lbs. it was formerly 76'5 lbs. but in 
California Mas reduced to 75 lbs. lu 1904. In 
England the [incc is quoted ]niv flask of 75 lb. 
Tho old .sheepskin bag used to contain 55 lbs. 

T. K. R. 

Mercury sols can bo jirojiared by various 
metliods—mechanical, Ibcrmal, and electrical. 
When mercui-y is forced in a fine stream 
into solutions of gelatin and potassium 
nitrate, dciiiute mercury sols are produced, or 
when mercury is shaken with very dilute solu¬ 
tions (K)"*'^) of ammonia, ammonium sulphate, 
ammonium chloride, calcium citrate, tartaric 
acid, potassium t artrate or gelatin, or by passing 
hot merciuy vajiour directly into water. They 
ha ve varying colours, frihn grey to yellowish- 
brown and reddish-brown (Nordhund, Diss. 
Upsala, J9J8, J). 

CoMi'OUNJis oif Mebcury. 

Mercury forms two scrica of salts: tho 
mercuric corapountls, in which the metal is 
divalent, and the mercurous compounds, in which 
it is apparently monovalent. 

The mercuric mlis arc often obtained when 
excess of acid acts on metallic iiicrcury. Re¬ 
ducing agents convert them into mercurous 
salts, which may be further reduced to metallic 
mercury. The soluble salts arc extremely 
poisonous and arc acid to litmus. 

I'he mercurous salts are ])roduced wlien au 
acid acts on excess of mercury, or by the re¬ 
duction of mercuric compounds. In solution 
they readily dissociate into metallic mercury 
and a mercuric salt (Hada, Cheft. 80 c. Trans. 
1806, 1667). This reaction is reversible and 
ends Mdth the establishment of equilibrium 
between the mercurous and mercuric ions 
present (Abel, Zeitseh. anorg. Chem. 1891, 26, 
361). 

Mercury forms three oxides, mercurous oxide, 
mercurtc oxide, and mercuric peroxide. 
^Mercurous oxide Hg.,.0 is obtained as a 

^ The prodiictioD of Austria Is Included in that of 
Italy ill 1919 aud 1020, as Idria is uow In Italian 
territory. 
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blackish-brown powder by the addition of 
alkalis to a solution of mercurous salt, or Iw 
triturating a solution of alkali with calomel. It 
is washed, dried spontaneously, and kept in the 
dark. By the action of light or of a gentle 
heat it is, decomposed into the red oxide and 
mercury, and it combines with oxygen at 100° 
(Colson, Coinpl. rend. 1890, 128, 1104). It may 
be obtained in colloidal solution by treating the 
aqueous solution of mercurous salt with alkali 
salts of the albinic acids in presence of alkali 
hydroxide or carbonate (Hofmann, I). R. P. 
1855<)0. 1005 ; J. Soc. (^hcm. Ind. 1907, 1264). 

Mercurous hydroxide does not exist at the 
ordinary temperature, but is obtainisd aa a blight 
yellow precipitate by the action of alcoholic 
potash on alcoholic mercurous nitrate at —42° 
(Bird, Atm^r. Chem. J. 8, 82()). 

Mercuric oxide. Med oxide nf mercurj/, Med 
precipitate, HgO. 'I'h’s oxide slowly ijro- 
ducod when the metal is heated in air to near 
the boiliug-point. it may l>e obtainefl jmre by 
pounng a boiling solution of morcuric chloride 
mio an excess of boiling potassium carbonate 
solution and boiling till tlie precipitate is of the 
right colour (l)ufau, J. Pharni. Oiim. J902, 19, 
489). It is usually prepared by heating the 
nitrate until nitrous fumes cease to be evohed, 
but not siillicientiy to decompose the oxide I 
itself. When prepared slowly on the large j 
scale the oxide is obtained in line brick-red 
(TyKlalline plates of ep.gr. 11*193 (Playfair and 
Joule). 

By precipitating a mercuric salt, with cold 
jiotash, the oxide is obi auied as an orange-yiilow^ 
jiowdcr of the Kamo composition, hut more <^clslly 
acted on by rcagonts. With oxalic acid it pro¬ 
duces the oxalate, w hilst the crystalline oxide is 
not so atfected. Wlien healed with mercuric 
chloride solution it rapidly forms an oxychloride; 
the crystalline form is only slowly so converted. 
The amorphous oxide is also more easily decom¬ 
posed by heat. It w'as formerly considered by 
many chemists that the red and yellow oxides 
<liffei‘ed only in the size of the jiarticlcs (we e.<j. 
Dstwald, Zoitsch. physikal. ('hem. 1900, 34, 
495; Schick, ihid. 1902, 42, 155). Schoch, 
how'cvor, has shown (Amer. (3iem. J. 29, 319) 
that the crystalline form of the red is different 
from tliat of the yellow oxide, that the dissocia¬ 
tion pressure of thi* yellow oxide at 300° is con¬ 
siderably greaier than that of the red oxide, and 
that when heated at 250° it is converted into the 
red oxide with partial docomjioaition, 

Morcuric oxide is a powerful poison. It dis¬ 
solves in about 20,000 parts of w'uter at 25° or 
about 2200 parts at 100° (Schick, /.c.). Jt is 
slightly soluble in solutions of sodium hydroxide 
(Fuscya, J. Amer. Oliem. Soc. 1920, 42, 398). 
When heated it becomes bright red, and 
finally ncarly*black, but regains its colour on 
cooling. A superficial change of colour from 
bright red to browmish-red is produced when the 
red oxide is exposed to light. When strongly 
heated, it is decomposed into mercury and 
oxygen. By this reaction, oxygon W'as first 
pn^pared by Priestley. 

When heated with zinc, tin, or antimony 
filings, the oxide is reduced to metal with'in¬ 
candescence. When added to fused sodium the 
action is still more intense. 'The mixture with 
sulphur explodes violently when heated. Mixed 


with phosphorus it detonates when strnck. At 
a red beat it is converted by chlorine into mer¬ 
curic chloride, with liberation of oxygen. It 
dissolves in fused potash with formation of a 
double oxide, without evolution of gas. 

Mercuric oxide is frequently used as an 
oxidising agent in chemical operations. 

A colloidal solution of mercuric oxide is 
obtained when mercuric chloride solution is 
treated with the sodium salts of protalbinic or 
lysalbinic acids and caustic soda. A yellow 
solution is obtained w’hich can be purified by 
dialysis and then gives on evaporation in miu6 
at 40° jed-brown plates of the stable hydrosol 
(I’luil, Her. 1902. 35, 2219). 

Mercury peroxide HgO^ is formed in small 
quantities during the catalytic decomposition of 
hydrogen jxu’oxide by metallic meroui'y (Antro- 
poff, Zeitseb. Elektrochcrn. J9(*fi, 12, 685), and 
is prepared by the interaction of alcoholic 
mercuric chloride, hydrogen jicroxidc, and alco¬ 
holic potash {Pe.Dini, Atti. Jt. Accad. Lincej, 
1907, [v.] ]9, 11 . 408). Either method yields the 
! anhydrous jieroxide as an amoqdious, bnek-red 
powder, which is faiiiy stable iii dry air. It is 
slowly decomj)OBed by water, and with acids 
yields a raereune salt and hydrogen peroxide: 
with hydrochloric acid chlorine is liberated. 

Mercuric sulphide TIgH occurs native as 
cihnrdmr, which is tin* ]tnnci])al source nf the 
mercury of conimerei*. (.’inuabar is found, 
granulai oi massive, in .sub-tianaparent ihoniho- 
hcdral ciystal.s winch cause eircular jHilarisalKUi 
of tiansmitted light. It has a cochineal-red 
colour and gives a scarlet streak. 

Mereuiio sulphide exists in thr<*e different 
; crystalline forms: (1) cinnabar 8-Hg.S, sp.gr. 
8*179, readily jirepared by digesting any form 
of mercuric sulphide w’lth a solution of alkali 
sulphide; (2) metacinnabarite (black and 
cubic) a'-HgS, Bp.gr 7*()0, j:>recipitated from 
dilute acid solutions of mercunc salts by sodium 
thiosulphate'; and (3) )9'-ligS, sp.gr. 7‘2(), 
obtained as a fine crystalline jiowder from more 
eoiicenlrated neutral solutions of mercuric 
salts with sodium thiosulphate. (Cinnabar is the 
stable form of mercuric sulphide at all tempera¬ 
tures u]) to its sublimation point, about 580° 
(Allen and Crenshaw, Amer. J. Sci. 1912, [iv.] 
34, 341). Mercuric sulphide fuses at 1450° in 
an atmosphere of‘nitrogen under 120 atm. 
ressurc, forming a matt fitecl-grey solid which 
coomea red when rubbed (Tiedc and Rchlccdc, 
Bcr. 1920, 53, 1717). 

'J'he black sulphide is produced by the action 
of hydrogen suljilude on solutions of mercuric 
salts, or by triturating or heating mercur^’^ wdth 
sulphur. Thus prepared it was formerly used 
m medicine under the name of JElhiops mineral. 
It occurs native imCalifornia (Mooi'c, J. pr. Chem. 
1870, [li.] 2, 31S). 

Under the name of vermilion, the red variety 
is prepared on the largo scale and used as a 
pigment. Native cinnabar cannot be so used 
because of impurities which affect the colour. 
Vermilion i.s prepared both by dry and tret 
processes. 

I Dry proccfiscs. —These all depend on the 
I preparation of the black sulphide, usually by 
the combination of mercury and sulphur, and 
its subsequent conversion into the red variety 
by a process of sublimation. 'The following 
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method was formerly largely used in secret in 
Holland. 1080 lbs. of mercury and 150 11^. of 
powdered sifted sulphur are moderately heated 
in an iron pan with constant stirring, and the 
black mthiops obtained is cooled and powdered. 
This is introduced in charges of about 25 lbs. 
four times an hour into long subliming pots of 
refractory clay, each holding about 410 lbs., 
heated from below to about two-thirds of their 
height. As each charge is added it ignites, and 
a long flame cscajies fivnn the pot; Mhen this 
has subsided, the pot is covered with an iron 
]>late. The operation occupies about 3(i hours. 
The pots arci cooled and broken, and the ver¬ 
milion, whicb is principally in upper poi’tions, 
18 ground M'ith wali'f b<‘tw(‘en stones, sifted, 
elutriated, and dried. 

It is said that if 1 jiart of antiinoiiioiis sul¬ 
phide be added i(» the mixture, of sulpliur and 
mercury before sublimation, and the vermilion 
bo digested with potassium sulphide, an im- 
jmived pigment is obtained wliieh contains no 
antimony. 

At Jdria, a mixture, of S lbs. sulphur and 
42 lbs. mercury ivS plaiicd in a well-bound cask, 
Vr’hich is rotatt*d for some hours until the con¬ 
tents consist of a uniform biowmsli jiowder. 

A number of vertical, east-intn cylindrical 
retorts heated to dull redness are cliargcd with 
the mixture, and immediately covered. When 
crackling has ceased the covers aic replaced by 
stonew'ar(5 necks, ouch oonnc<‘ted witli a tube and 
receiver. The lire is then increased to drive 
the whole of the sulphide from the retort. 

When cooled the necks are taken ofl, and the 
cake of vermilion removed. That nearest the 
retort is best, whilst that in the receiver contains 
free sulphur, and is resubliined with a fresh 
charge. The cakes are broken, ground with 
water, boiled wity Bodiuiri hydroxide solution, 
washed and dried. 

, The Chinese vermilion ia celebrated for its ; 
line colour, wdiich inclines to carmine. It «is 
aaid to be prepared as follow's:— 

About halt a bottle (38 lbs.) of mercury and 
17J lbs. of sulphur are mixed in an irtui pan, 
about 25 inches wide and 7 or 8 inches deep, and 
heated by charcoal. When melted, it is stirred 
with an iron spatula, and the remainder of the 
mercu^is gradually added^ When the metal 
lias disappeared the mass is removed from 
the lire, cooled by the addition of a little water, 
rajiidly stirred, and coarsely powdered. Tlyi 
reddish or black semicrystalline powder, which 
contains free mercury and sulphur, is placed 
in a fixed iron pan, and covered with porcelain 
tiles 8 inches diameter (many of which are 
broken), arranged in the shape of a dome. The 
whole is covered by a pan 4 inches loss in 
diameter than the fixed one, to*which it is luted 
by clay, leaving four holes in tbe*Iuting for the 
escape of gases. The charcoal fire is then lighted 
and kept fiercely burning for 18 houi-s; blue 
flames arc seen burning round the holes, showing 
loss of sulphur and of mercury. The fires arc 
then allowed to die out and the pans to cool. 
Most of the vermilion is found adherent to the 
porcelain, and is removed. That attached to 
the iron is inferior, and is made with the other 
waste into cakes with alum and glue water, 
dried, and resublimed. The sulphide on the 
porcelain is blood-red and crystalline. It is 
VoL. IV.—T. 


powdered and ground with water in a haud- 
mill between stones, and washed into a vessel. 
At the close of a day’s work a solution of alum 
and glue (1 ounce of each to 1 gallon of solu¬ 
tion) is well stirred with the powder, and tlic 
whole is allowed to stand until morfling. The 
glue tends to lengthen the period of deposition, 
and to render the stratifieotion into the various 
qualities more perfect. The alum is said to 
improve the colour. The liquid is decanted, 
and the iijipcr portions of the deposit are set 
aside. The lower parts are reground and treatt‘d 
as before, the grinding being sometimes repeated 
several times. 'J'he fine vermilion is stirred in 
water and settled, and the wate» is decanted. 
The residue is dried in the open air, jiowdercd, 
sifted through muslin, and packed in papers 
holding about ounce each {v. Cheni. News, 
1884, 50, 77 ; J. Soe. ('hem. Tnd. 1882, 1, 19.5). 
It is u.sod lor making Chinese red-ink—for 
painting on porcelain and wood and colouring 
candles and paper. Most of the numerous 
temjiles throughout China are painted red, and 
evtuy thing lucky and pleasant among the Chinese 
is of vermilion colour (J. Soc. Chom. liul. 1890, 
9, 1047). 

Wet procc{<.‘<efi .—The processes most used 
depend on the action of alkaline suljihides on the 
amorphous mcrcuiy siiljihide. The temperature 
adopted largely iidluenec.s the colour. 

The action of those sulphides is attributed 
by Ditto ((k)mpt. rend. 98,1380) to the alternate 
production and decomposition of a double sul¬ 
phide of mercury and alkali. In the case of 
potassiiiin sulphide the compound KH*6HgS is 
first jiroduced, and is decomposed at*about 4.5'" 
(tlie tcmperatuie generally employed), with 
I deposition of the rvd cnfstalline mercuric 
j sulpliidc, wliilst the liberated alkaline sulphide 
J dissolves a further amount of the more readily 
I attacked amorjdious sulphide, and again forms 
I the double sulphide, which is again decomposed 
as before. 

In order to prepare a polysiiljihide free from 
hyposulphite (which is said to have an injurious 
effect on the colour), potassium sulphate is con- 
verted into sulphide by ignition with carbon. 
1'he mass ia extracted with water, and boiled 
with sulpliur out of contact with air. 

Of this strong solution 24 kilos, is digested 
ami agitated with 1 kilo, sulphur and 5 kilos, 
mercury at a gentle heat. The rnixiflire gradually 
becomes heated, and in about 2 hours acquires 
a greenish-brown colour. After a further period 
of 2 hours it becomes of a rich brown, and is 
allowed to cool to 50®, and is maintained at 
that temperature for 3 or 4 days with frequent 
agitation. A finc-coloured vermilion gradually 
settles down; it is washed with potash, then 
with dilute nitric acid, and finally with water 
(Firmenich, Dingl. poly. J. 1864, 172, 370). 

According to Liobig, a fine verniilion is pro¬ 
duced by immersing recently precipitated white 
precipitate in a solution of ammonium poly- 
sulphidc. The mixture at first produced is 
black, but when heated to about 46° gradually 
acquires a fine colour resembling that of Chinese 
vermilion. It may be digested with potash, and 
wasfied to improve the colour. 

Hausmann (Ber. 1874, 7, 1746) adds excess 
of dilute ammonia to a solution of mercuric 
chloride, and dissolves the precipitated mercuric 

T 



274 


MERCURY. 


ammonium chlonde in a Bilglit exceaa of ,sodium > 
bypoaulphit'C. On wanning to 70° or 80° tho 
vermilion bogiiia to preoipitate. Tho heat iB 
continued until tho masB ha» bccouio pasty, tho 
sulphide is then Mcparatod as usual. The above 
temporaturo and the presence of the ammonia 
and ammonium chloride are said to bo o.ssential. 

One of the best processes is tliat of Brunner 
(Pogg. Ann. 1828, 15, SDH). A mixture of 100 
parts mercury with 38 parts sulpliur (tlowei-s) is 
triturated for some hours, mixed with a Siilution 
of 25 parts potash in 150 ])art 8 water, aiul 
digested at a temperature below 45°, keeping 
the liquid at l onstant volume by adding water. 

After 2 or. 3 Inuirs it beeouuss brownish, and 
then grjulualty brightena. The tomperatun? 
must bo carefully regulated and tlio volume 
kept constant, or the precipitate loses its pul¬ 
verulent character and becomes inferior in colour. 
At the proper point, usually after about 8 hours, 
the heating is stojiped and the contents arc 
wiwhed as (|nickly as possible, as tlie fiirtlier 
action of the potasli would produce a brown 
(solour. It is lixiviated to separate any black 
sulphide, and dried. 

'I'he inotliod of (lauthuu' Bouchard is strongly 
rccoinmeiuled. Coucoiitrabsi aninioiua stilution 
is saturatfid with snlplmrett(^^l hydrogen, an<l 
4(M) 0 . 0 . of tho solutu'u IS digested iii a stone 
bottle with flowers ul sulphur, with ]uo(luctuin 
<»f a solution ot ainnioinmn Nulphide ol sp.gr. 

1 034. 4'his IS mixed with 200 grams of Buljiliur 
and 1000 grams of mermiry {as pure as pos¬ 
sible), agitatod well in a closed vessel for about 
7 hours, and finally heated tor 3 or 4 hours to 
50°. Tho liquid is decanted and the residue is 
washed with water, followed by dilute nitric 
acid ainl linally by watei. 

I’lie chief difficulty in all those methods is t.o 
free the vermilion from ulkaliiio sulphides and 
sulphur, the presence of winch is detrimental to 
the colour of the product. VicUm and Linder 
therefore recommend (Krig. Pat. 5120, 18D2) 
that the black .sulphide, produced by one of the 
usual methods, be sus()eiidcd in water and 
treated with a stream of liydrogeu sulphide gas 
until it dissolves. This solution is then heated 
in a closed vessel to lt>0"-170° for several hours, 
when a very pure vermilion is deposited. 

Vermilion is adulterated witli red lead, red 
ochre, chrome red, red oxide of iron, and fre¬ 
quently With gypsum, 'i’heso all remain on 
volatilisation of the vorrnilion in a glass tube. 
Dragon's blood, if present, gives a characteristic 
odour on heating; it also dissolves ui alcohol 
with a red colour. (Chinese vernulitm usually 
contains a little glue, wliich is not, however, an 
adulteration. Mercuric sulphide is occO-sionally 
present in vulcanised caoutchouc (Frank and 
Jacobsohn, Oummi. Zoit. IDOD, 23, 1041)). 

The sp.gi*!’ of red mercuric sulpliiile is 8*12 ; 
that of the black sulphide is 7-5. 

Mercuric sulphide wlien heated m tho air is 
decomposed with production of the metal and 
sulphur, which is at once oxidised to sulphur 
dioxide. With lime, alkaline carbonates, or 
metals such as iron, copper, and tin, it is reduced 
with formation of alkaline or metallic sulphide. 
When heated with litharge both lead and'Vner- 
cury are reduced, the oxygen and sulphur oom- 
hining, and passing off as sulphur dioxide. 

If boiled in water with powdered zinc. 


metallic morcury is liberated. .4 similar but 
slower action occurs with co])per, 

(foiicentrated nitric acid has no action except 
uftiM' prolonged heating. Jt is then converteil— 
e.speoially if freshly precipitated—into a white 
insoluble comjjound containing both sulphide 
and nitrate of mercury. It dissolves easily in 
uqua rcqui ami in cold concentrated liydriodic 
acid. Barium sulphide readily dissolves it. 

The solubility of mercuric sulphide in solu 
tiuns of alkali sulphides has been investigated 
by Knox {v. Abegg’s JIandbuch der anorg. 
('iiem. Bd. 2, Abt. 2, s. 033; and Trans. 
Faraday So(^ IDOS, 4, 29). 'I'he black sulphide 
is more solubli* than tho red sulphide and the 
amount of <‘aeh dissolved ])tT mol. of sodium 
sulphide increases witli dilution. 'I’lie coin- 
poimd NuallgiSi; exists in the solution, but when 
evaporaUsl over sulphuric acid it (hqiosils 
yidlow crystals of tho composition 
2Na.S,.'iHgS,3iraO 

'I'he .siiliibiiity of tins sulplmlcs in water i.s very 
siii.ill, K „5 d'Ol 0'()2>.I0 " (Niimc, Zeitscb. 
aimrg Chem. 1994, 3!», IDS) 

Mercuric siilpliidn run be obtained in <;oUoidal 
solution by washing the precipitated sulphide 
with a solution of hydrogen .sulphide (Wins- 
HUiger, Bull Soe. cliim. 1 ii.l 49, 452 ; Linder and 
Picl-on, (Miem. Soc. Trans. 1892, (il, 123; sit; 
also I’jctoii, tlnd. 139). By .saturating with 
hydrogen sulphide a solution of 12 grams 
merciirn; cyanide in KM) of water, a deep brown 
solution is obtained which when dialysed gives 
an unstable liydrosol. If. howeviu-, the hydro 
cyanic acid is distilled off in vacuo an oily stable 
hydro.sol is obtained (Lottermosor, J. pr. Chem. 
1907, fii.] 75, 293). 

Mercuric sulphoxychloride f 3 {Sllg('l),HgO ]2 

a wliite granular powder obtained by tJic action 
of diaoetylthiooarbamide, dijihonylthiocar- 
bamide, and ailyltluocarbiinide on acpieous 
solutions of mercuric chloride (Ray and Sen, 
('hem. Soo. 'Frans. 1919, 552). 

Mercurous sulphide ilg 2!8 is not known. 

Mercurous chloride, Calomel HgjClj, occurs 
native in small quantities as horn-quickfalvn, 
crystallising in rhombic prismi. Artificially 
prepared calomel has boon known from early 
times, and was used iii tho IGth confmry as a 
lueilicme under the names Aquila alba, or JJearo 
m.tUq(iiu'<. 

Mercurous chloride js formed by the union of 
its elements. 

It may he prepared by addition of an alkaline 
eliloride to a .solution of mercurous nitrate or 
other mercurous salt. 'Fhe precipitate is washed 
well to remove the alkaline chloride, which if 
allowed to remain would render the ealoinel 
slightly soluble.-* It may be prepared on the 
large scale by mixing 17 parts of corrosive 
sublimate with a little alcohol or water to 
prevent the escape of irritating fumes, and 
rubbing in 13 parts of mercury until deadened. 
'Fhe mixture is then subiinied in glass flasks, 
in the upper portion of which the calomel con¬ 
denses as a solid, translucent, fibrous cake. The 
flasks are broken and the cake is removed, 
ground to a powder, washed repeate^y with 
boiling water to remove mercuric chloride, and 
dried. The powder has usually a slight yellowish 
tinge. 
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Jt is also prepared from the sulphate; 1 kilo, 
of mercury is mixed with 1*5 kilos of coiicea- 
trated sulphuric acid iu an iron boiler, gently 
heated until the fiiiuos of sulphur dioxide 
cease to escape, and evaporated to ilryness. It 
is then mixed with 1 kUo. of mercury and 
kilos of coinnnm salt until deadtfied, and is sub¬ 
limed as usual. 

Instead of condensing the calomel in a cake, 
the vap<iurs may l>e led into clianibera containing 
Hir or steam, in which it falls as a very fine 
powder, which requires no grinding. Sometimes 
the distillation is conducted in an iron tube 
eonnectod with the condenser. 

At Apothecaries' Hall, the proportions used 
are fi2 parts of mercury sulphate, 4()J parts of 
mercury, and J14 j»arts of common salts. 

'L’he Japanese have long inauufaetured a very 
pure calomel, absoluti'ly free from menurii; 
chloride, called ‘ keifun ' {light [xiwder). Halls 
of porous earth and salt, soaki'd in ‘ bittern ’ 
(mother liquor of oonceiitrated sea-water), ar<i 
lieated in iron jiots lined with earth, each 
containmg a little inetaliic mercury. Hy<h<‘- 
chlorie aci<l is biriiied from tln' magnesium 
ehlorulc m the bittern, and the mercury distils 
into the closely tilting but unattached clay 
covers of the pots Air ciit(‘i's hy diffusion and 
tlie following reaction takes place • 

tHg i-41l('.! I (>. ! 2H,0 

by which calomel i.s lormed at a U^mperature 
below ith subliming point and lills the cover with 
a network of micaceous particles (Divers, .1. 
Soc. Ohem. Ind. 1894, 13, 108). 

In preparing calomel by the wet way, U parts 
of lueriairy are digested in 8 parts of nitric acid 
(sp.gr. D2) with the ai<l of heat towards the end, 
until no more dissolves. 'I’he decanted solution 
IS mixed with boiling solution contamiiig 8 
parts of common salt m 04 parts of water and 
a few drops of hydrochloric acid. 'I’he precipi¬ 
tate is well washed with water. This form is 
said to bo moi'e effective for medicinal purposes 
than that prepared in the dry way. 

(/alomei is also produced by the action of 
reducing agents uiiou solutions of mercuric 
chloride 

Calomel may bo obtained in a light volu- 
ininousf form, which is 3 t^mes as bulky as the 
samples prepared either by sublimation or by the 
usual precipitation metliods, if the following 
prodecure is adopted. Three solutions ^re 
prepared containiiifl* (!) 11*5 grms. of inercuiic 
chloride and 10 drops of hydiochloric acid in 
100 c.c. of water; (2) 0 grins, of sodium bi¬ 
carbonate and 10 grms of dextrose iu 80 c.c. of 
water; (3) 7*5 grms. of crystalline magnesium 
chloride in 20 c.c. of water. Solutions (2) and 
(.3) are mixed and added to<(l). After tho re¬ 
action has finished tho mixture is heated on a 
water-bath until no more carbon dioxide is 
evolved, and tho finely divided precipitate is 
collected and washed with cold water. In this 
form the calomel is stated to have much greater 
germicidal properties when used in prophylactic 
ointments or antisyphilitic injections tlian in the 
form as usually prepared (Duret, Ann. Inst. 
Pasteur. 1919, 33, 174; J. Soc. Chem. Ind. 
1919, 338 A). 

Calomel is a white, tasteless powder, of sp.gr. 
6*60-7*41, crystallising in four-sided prisms 
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terminating in pyramids. When heated it 
volatilises without previous fusion, giving a 
colourless vapour of sp.gr. 8*21 (air—1). Tliis 
appears to indicate a molecular constitution 
llgCl, Imt Smith and Menzie.s (J. Amer. Chem. 
Soc. 1910, 32, 1641) have shown by auantitativo 
measurements of vapour pressures that calomel 
vapour, oven when saturated, is completely 
dissociated into mercury and mercuric chloride, 
and oontams no molecules of the typo HgCl or 
llg-jldo. The results also show that calomel is 
soluble in mercury and its molecular weight in 
that solution at 3fi0'^-400^ corresponds to the 
uionomoleeular f<»rmula, HgCl. 'J'he boiling- 
point of calomel is 382*5‘^ (Po^ methods used 
r S. uiul AT ibid. 32, 1419; cp. also Harris and 
V'. Meyer, Ber. 1894, 27, 1482.) Baker states 
(Chem. Soc. Trans. 1900, (>4()) that perfectly dry 
mercurous chloride can be vaporised without 
disHociation und then luis a v.d. corresponding 
to the formula IfggCl^. Purtlier, by cryoacopic 
lueasiinMncids, B<H‘kmanii has shown that mer¬ 
curous clilornh^ (Ikssolved m fused mercuric 
chlondci has the formula Hg-Clj (Zeitsch. iinorg. 
Chem. 1907, .55, 175). 

Hy coiuiuclivity measurements, the solu¬ 
bility ‘'f caloniel in water has boim found to be 
about U I ingin. pci litre at 20"^ (Bey and 
Hciinbuciii'r, Zcilsch. Klcktvochoni, 1904, 10, 
3UI). 

Hy treatment with alkalis and alkaline ear- 
Ixmates it is converted into mercurous oxide; 
ammonia converts it into ' lilaek jirccipitate ’ 
NlljHgaCl. By digestijin with ainmoniuin 
chloride it is jiartially decomposed, mercuric 
chloride passing into solution and inotallie 
mercury remaining undissolved (UifJiards and 
Archibald, Zcitsch. physikal. Dheni. 1902, 40, 
385). Jlydrochlorie acid or sodium chloride acts 
less rapidly. 'I’lic jirolongod action of steam, 
hot water, or hot air has a similar effect. 

Calomel is largely used in niedu:ine. The 
usual adulterations or impurities are corrosive 
sublimate, ammonium and sodium chlorides, lead 
and calcium carboiiatCB and barium sulphate. 
The last three may ho di.stinguished by their 
non-volatility, the others by their solubility in 
water or akudiol. According to Bonnewyn, if 
the calomel be shaken with a little alcohol the 
proseiioe of even P^rt of corrosive sublimate 
can be detected by the black deposit produced 
on a knife-blade inserted into th» solution. 

Mercuric chloride, ('orrosive suhUmate 
llgCl.^. Mercury is converted into this salt 
when acted on by chlorine or aqua reyia. 

On the large scale it is prepared by distilling 
I mercuric sulphate with common salt. Mercury 
is gently heated with concentrated 8ul])liurio acid 
in an iron boiler until sulphur dioxide ceases 
to be evolved. Tho whole of the metal having 
dissolved, a slight excess of sdiphuric acid is 
added to ensure the absence of mercurous sul¬ 
phate, and a portion is tested hy the addition of 
sodium chloride. If a pre(!ipitato of calomel 
falls, more acid is adiled. The mixture is eva¬ 
porated and thoroughly dried. 20 parts of the 
sulphate is mixed intimately with 8 parts of 
sodium chloride and 1 part of manganese dioxide 
(t^ minimise the production of calomel) and in¬ 
troduced into glass subliming pots which are 
placed on iron plates, surrounded by sand to the 
necks and gently heated to remove moisture, 
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which passes, through hoods placed over the 
necks, into a hue. 

The moisture being renK)ved, the hoods are 
replaced by small inverted conical condensers. 
Sufficient sand is then removed to uncover the 
upper half bf the flasks, and the heat is increased 
until the whole has sublimed. The heat is 
finally raised sufficiently to render the sublimate 
coherent, but not to molt it. When cooled, the 
U[)per half of the flask is cracked away and the 
cake of sublimate is removed. On the lower 
part of the cake is freijuently found a small 
quantity of the less volatile nihmcl; this is 
nunoved and added to a subsequent siiblimatiim. 

Wagner (k'ingl. poly. •!. ISff. JH.'")) reeom- 
mimds for tlic preparation on the large scale 
the dec(»mposition of iniiwra] (?’. Mnrurw 
sulphati) witli bydroehlorio aeid. Meicuru- 
chloride is thus obtained in a solution of sul¬ 
phuric aeid containing excess of merciine oxide 
and is removed by erystalliscition • 
}fgS0,-2irgO4-2[rCl-Hg('l, 1 H.,SO,H-21IgO 

For the cruch; salt, he precipitates rnei curie 
oxide by the addition of sodium hydroxide to 
mercuric nitrate and digests the pri'cijutale with 
crude magnesium chloride (the nioilu'r-hquor 
Irom carmllitr). WIktc the presence of jx'tas- 
wiuin chloride is not injurious the eariuillite 
itself may be used, in winch case the crystals ob¬ 
tained on evaporation contain K(!l,HgC)l.Jfgt). 

Mercuric chloride occurs as a wliite, satiny, 
translucent mass, sp.gr. .5-402 ; or, when crystal¬ 
lised from solutions, as needles or four-sided 
prisms, belonging to the rhombic system 
OVfitscherlieli, Pogg. Ann. 1822. 28. 118; 

Tjuczizky, Zeitseb. Kry.st. Min. 1000. 4ti, 207). 
It fuses at- 288" ((’arnelley) and boils at 2t).T 
(Carncllcy and Williams), giving a va^iour of 
ap.gr. 0-8, corresponding to the normal niol<‘- 
cular weight. ^J'he vapour eondi-nses in tnclitiic 
crystals (Von Lang. Wien. Akad. Her. I8()2, 45, 
119). The relations between tlio vapour 
pressures and the moleeiilar volumes of the 
mereuric halides have been examined by 
Pridi-aux (Chem. S<.e. Trans. JOlO, 07, 2022). 

100 jiarts of water dissolve at 10" (>*57 pails, 
and at 100" 52*96 parts of the salt. The solution 
is acid to tost paper and gradually deposits 
calomel on exposure to light-. Mercuric chloride 
is soluble in 3 parts of cold alcohol and in about 
1*2 parts of boiling alcohol. It is soluble in 
4 parts of cold ether and can be extracted from 
aqueous solution by this solvent. In aqueous 
solution, mercuric chloride undergoes ele-trolyt ic 
dissociation only to a very slight degree (Gro- 
trian, Wiod. Annalen, 1883, 18, 177; Luther, 
Zeitsch. ])hy8ikal. (’hem. 1904, 47, 107), but it is 
partially hydrolysed (Ley. Per. 1897, 20. 2192). 
Sulphuric acid precipitates it from aqueous solu¬ 
tion (Viard, Ci^mpt. rend. 1902, 136, 242), but it 
dissolves in the strong acid and in nitric acid with - 
out decomposition. Aqueous solutions of mer¬ 
curic chloride decompose in the dark to form 
mercuric oxide, chlorine, and hydrochloric acid, 
or in the light to form only mercurous chloride 
and the acid (Verda, Chem. Zentr. 1907, i. 1392). 
Mercuric chloride is volatile with steam and [he 
salt can be recognised in the vapour from 
its solutions by ohemical tests, or by its 
action on a photographic plate (Kof and 
Haebn, Arch. Pharm. 1907, 245, 629 ; Zeitsch. 


physikal. Chem. 1007, 60, 367). The dry 
salt or its solution is easily reduced, first to 
calomel, and finally to metallic mercury, by 
arsenic, zinc, tin, &c.; or by stannous chloride, 
oxalic acid, hydrazine sulphate, or other reducing 
agents {v. e.fj. do Coninck and Uautiy, Pull. 
Acad. roy. Pclg. 1908, 66). 

Corrosive suliliniato has a sharp, metallic 
taste, and is extremely ])oisonou8. The best 
antidtiics are egg-while, witli which it forms an 
insoluble compound, nr, in order of cflioaey, 
sodium thiosulphate (‘hypo’), hydrogen snl- 
phnle, sodium iodide, sodium bromid(\ and 
HiKhiim chloride (Jiainiondi, (’hem. Zentr. 1907, 
ii 1807). Jt is used in inedu-ino both internally 
and externally, esjKM'kdly m cases of sy|>hihs, 
and m surgery as an antise])tie in ilie form ol 
dilute solutions (usually J : 100) and in gauzes 
and Imt. (For the estimation of mereiirie 
chloride in surgical dressmg-mateiials, sve Utz. 
I’harrn. Post. 29, 785.) Jt is also used in 
{ireserving anatoinic-al specimens and sarniilcs of 
milk, Byru])s, &e., for aiialysi.s. 

Mereuric chloride forms niiinerous double 
salts anti additive compounds. With the alkali 
chlorides it forms th(‘ eomjiounds KCPri g( : 

2lv('!-HgCU.H ,0: KCl-2Hg(n,,2H„0 

2Na('lHg(2,; Naa-HgCU,21KO, and many 
others. Of the double salts with ammonium 
chlorulo only ng(’l/ 2 NllA 2 ,H 20 can be crystal¬ 
lised from water, but others are formed (Mcei- 
hurgh, Zt'itseh. anorg. Chem. J908, 59. J26). 'Po 
the formation t)f sucli compounds is duo the 
jncn“HSt‘d solubility of menainc eliloride in 
solut ions of idkah ohlondes and in liydrochlonc 
aeid. Tn many ca.‘=cs, these solutions contain 
Complex anions in which incrcnry is present (r. 
Shi'inll, Zeitsch. physikal. Chem. 1903, 43, 705). 
It forms additiveconijiounds w'.4hhydrocarbons, 
alcohols, and ketones, aronuiticnitio derivative.s 
(Masearelh, Atti. It. Aecad. Lincei, 1908, [v.] 17, 
I. 2!»), and with alkaloids. The latter com¬ 
pounds are frequently used in the piinfiention 
of t he alkaloids. 

A seric's of imreury oxychlorides can be ob- 
tairunl from mercuric chloride by boiling its 
solution with mercuric oxide or by the action of 
potassium hydrogen carbonate or calcium car¬ 
bonate upon it (Tarrgi. Gazz. chim. ital. 1901, 
i21, ii. 212; Arctowski, Zeitseb. anorg. Chem. 
1896, 12, 253 ; Uriot, Compt. rend. 1911, 152, 
958). 2Ifg(’L*JlgG crystallises in red mono- 
clinic noodles; HgCl>'JlgO amorphous yellow 
powder; Hg(42*2Hg() is a black cry.stalHno pre¬ 
cipitate, and llg(2,*31lgO occurs in glistening 
yellow scales as the mineral kleinitc (Sachs, 
Sitzung.sber. K. Akad. Wiss. Berlin, 1906, 
1091). Hewitt states that when caustic soda 
i solution diffusijs ’into a solution of mercuric 
chloride and sodium chloride, very dark red 
; crystals of the formula Hg^O^Clij are produced 
(Chcra. Soc. Proc. 1907, 23, 10; v. also Buttle 
, and Hewitt, (2iem. Soc. Trans. 1908, 93, 1405). 

Mercurous bromide HgjBrj is obtained as a 
white precipitate by adding a soluble bromide 
to a solution of a mercurous salt, or by the pro¬ 
longed action of bromine water on the metal. 

; It crystallises from mercurous nitrate solution 
] in white, pearly, tetragonal leaBets. ap.gr. 7*037, 
and is nearly insoluble in water. At 340®-360" 
it sublimes without decomposition. 




mercury. 2l1 


Mercuric bromide HgBtg ie formed from its 
elements with evolution of heat (Nernst, Zeitscb. 
physikal. Chom. 1888, 2, 20; Varet, Coiiipt. 
rend. 120, 620), and is produced by dissolving 
mercuric oxide in h,ydrobromic acid, (-old 
water dissolves 0*4 ji.c. and boiling water 2*5 p.e. 
of the salt, and on cooling it erystallises out in 
anhydrous glistening scales. From alcohol it 
crystallises in white rhombic prisms. Mercurie 
bromide melts at 244° ((Jamelly and WillinniK, 
Chem. Soc. Trans. 1880, 127) (235° is given for 
m.p. by (ruinchant, ('lunpt. rend. 1000, 140, 
470), Like the ehloride it la decomposed by 
boiling with water, o.nihiomidcK being formed 
(Fischer and Wartenbuish, Chom. Zeit. 1002, 
26, 066). 

It is occasionally administered m medicine 
instead of mercuric chloiide, usually by hypo¬ 
dermic injection of a solution of the soluble 
compounds with sodium chloride TTgl5r^'2Na(’l 
or bromide HgJlr.-2NaBr (V'icano, d. Fharm. 
(Jhim. 1907, [vi-l 26). 

A double bromide of mercury and potassium 
has been used as a disinfectant (Ck)oke, Eng. Fat. 
1530, 1005). 

Mercurous iodide HgjT^ is a green insolulile 
powder cmployofl inediomally. It is jireparod 
by triturating a mixture of 5 parts iodine an<l 
8 parts men-nry, moist/cned with alcohol; or by 
precipitation of a mercurous salt with potassium 
iodide. A purer product, obtained by boiling 
excess of iodine with a solution of mercurous 
nitrate containing nitric acid, ciystalliscs in 
transparent, yelU>\v, tetragonal plates, blackened 
by light. When heated it becomes first yellow, 
then red and finally garnet-red, and on cooling 
passes through tlic' same c.olour changes in 
reverse oirler. It begins to sublime at about 
190° and at 290'^ melts with decomposition 
(Stroinan. Bor. f887, 20, 2818; Francois, J. 
Fharm. Chim. 1899, [vi-l iO, 16; Compt. rend. 
1895, J21, 888; 1896, 122, 190). It dissolves 
slightly in various oils. The best solvent* is 
castor oil, of which 100 parts dissolves 2 parts of 
the iodide. 

Mercuric iodide Hgl^. A mixture of 5 parts 
io'lino and 4 parts mercury is moistened with a 
little alcohol, triturated, and sublimed. Dublanc 
pours 1 Jcilo. of alcohol upon 100 grams of mer¬ 
cury and adds 124 grams of*iodino in 10 succes¬ 
sive portions, triturating I'ach time until the 
alcohol becomes colourless. The last 4 grams 
usually produce a perraanent colour. The pA-- 
cipitate is then washed with alcohol and dried. 

In the wet way, wdiich is the best, a solution 
of 10 parts potassium iodide is added to a solu¬ 
tion of 8 parts merctiric chloride, and the preci¬ 
pitate, W'hich IS salmon-coloured at first but soon 
becomes red and crystalline, is^washed. A slight 
excess of either the chloride or •iodide 'will re¬ 
dissolve a portion of the precipitate. 

Mercuric iodide may be obtained in com¬ 
paratively large crystals by the action of a 
mercuric salt on ethyl or methyl iodides (Bo- 
droux, Compt. rend. 130, 1622); by the action 
of these iodides on the metal a very pure product 
may be obtained (Neogi, Chem. Soc. Abstr. 1907, 
ii. 772). 

Mercuric iodide is dimorphous, existing in a 
red and a yellow form. The red variety is pro¬ 
duced by the above methods of preparation. It 
crystallises from hot potassium iodide, alcohol, 


or nitric acid in tetragonal prisms and pyramids 
(Luezizky, Zeitscb. Rryst. Min. 1909, 46, 297), 
and is soluble in many organic solvents (Beck¬ 
mann and Stock, Zeitscb. physikal. Chem. 1895, 
17, 130). Its sp.gr. is 6*26. Whoi^ heated to 
127° it changes into the yellow modification with 
absorption of heat (Guinchant, Compt. rend. 
1907, 146, 08). If further heated it remains 
yellow up to 190°, but slowly becomes red again, 
the colour deepening continuously between 
180° and 255-5° when it melts (llodwell, Phil. 
Trans. 1882, J73, 1125; Bmits and Bokhonst, 
Zcitsch. physikal. Chem. 1915, 89, 365). Obser¬ 
vations made, with large crystals of yellow 
mercuric iodide show that the gilldual develoji- 
ment of the orange colour W’ith rise of tempera¬ 
ture is not accom])anied by any cliange in 
crystalline form. This fact points fo the forma¬ 
tion of mired rliombic crystals containing 
both yelh)w and red modifications. There 
are apparently two isomeric forms of mercuric 
iodide (a and /9), the red and yellow modifications 
iKung mixed erystnls containing the two forms 
in different piopoi-tions (Smits, Froc. K. Akad. 
Wctensch, Amsterdam, 1917, 19, 703). The 
yellow form volatilises without decomposition, 
the vapour density corresponding to the formula 
Hgin. By cooling the liquid or condensing the 
vapour (Cernez, Compt. rend. 1899, 128, 1616), 
Uh! yi-llow modification is obtained in rhombic 
juisms of sp.gr. 6-06 which retain their form 
and colour w’heii cooled to the ordinary tempera¬ 
ture,'but- slowly (or immediately on rubbing) pass 
into th<* red vanety. Nevertheless the yellow 
form may be kept at the ordinary temperature 
for many years (Gemez, Compt. rend. 1909, 148, 
1015), and it sojiarates from nearly all organic 
solvents in tliis form, though it is only stable 
above 126° (Kaslle and Clark, Amer. Chem. J. 
1899, 22, 473 ; Kastlo and Reed, ibid. J902, 27, 
209; Gernez, Corajit. rend. 1903, 136, 889; 
129'5° Reinders, Zeitsch. physikal. Chem. 1900, 
32, 507). If mercuric iodide is heated at about 
300°-5(>0° in a long glass tube connected with a 
vos8(“l in which the jircssun- can suddenly bo 
decreased from 1 to j^jth atmosphere it con¬ 
denses as colourlcsfi snow which becomes pink 
and ultimately red (Tainman, Zcitsch. anorg. 
Chom. 1920, 109, 213). litre of absolute 
alcohol at 18° dissolves 11*18 grams of the salt; 
80 p.c. alcohol dissolves only 2*86^ram8. It is 
almost insoluble in water; 1 litre at 17*5® dis¬ 
solves 0-0403 gram (Bourgoin, Bull. Soc. china, 
[ii.] 42, 620). 

In potassium or other alkaline iodide, it dis- 
, solves freely with formation of a double iodide. 

I The solution m potassium iodide is a more 
! powerful antiseptic than mercui-ic chloride. It 
has been employed in the preparation of an 
I antiseptic soap (Thomson, J. So» Chem. Ind. 

I 1888, 192). An alkaline solution of mercuric 
! iodide in potassium iodide is employed as a 
' delicate test for ammonia and its compounds, 
i being known as Nc.sskr's solution. 

\ In mercuric chloride it dissolves readily, 

I forming a double chloride and iodide. 

I Mercuric iodide forms a very large number 
' of double salts (c. Uuboin, Ann. Chim. Phys, 
1909, [vtii. j 16, 258). With alkali iodides and 
ether it forms both crystalline and liquid com¬ 
pounds, e.g. KHgl3‘3Eta(>, and Kiigl,*4Et20 
(Marsh. Chem. Boo. Trans. 1910,2297). 
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Mercuric iodide is much used in photography 
as an intensifier, a solution in sodium sulphite 
coiitainiiig the projioriions, llglg : NajSOa: 
water :: I : 10 :100, being tho best, b'or details 
see Lumiere Bros, and {^icyewetz (Monit. Scient. 
1899, 13, 782; .1. Soc. ('hem. liid. 1899. 1155). 

Mercurous fluoride Hg 2 l'' 2 » produced by tlie 
action of hy<lrotIiion<! acid on tlie carbonate or 
of silver liuonde on calomel (Kmkener, I’ogg. 
Ann. 110, 142), is a yellow cry.stalline powder, 
hyilrolysed hy hot water and blackened by light. 

Mercuric fluoride iJgF2,2H20, prejiared by 
dissolving mercuric oxide in aqueous hydro¬ 
fluoric aci<l (Kinkencr, Bogg. Ann. 110, 028) is 
a white crystaribie .salt. It i.s decomposed in air 
at 50" forming an oxyjlmmde, RgK(()H); and 
in dilute aqueous solution xs completely liydro- 
Jysod, but without formation of oxyiluorirlcs 
(Jaeger, Zeitech. am)rg. (Jhem. BtOl, 27, 22 ; 
Ooi, ibid. 1904,40, 14()) 

Anhtfdrovfi mercuric jivondf may be jirepared 


parts water, tlie merewous salt is formed. Jf 
the acid be sufficiently strong to effervesce, or 
be used in excess, or if the mixture be heated, 
mcrcinic nitrate is jiroduced. 

Mercurous nitrate UgaiNOjdj forms mono¬ 
clinic tables containing 2 molecules ol water, 
j They effloresce and become anhydrous in dry 
air and when heated to 70" melt to a clear liquid 
of sp gr 4 3 (Retgers, Jahrb Min. 189(), li. 183). 
The jmre salt la immediately dceoinjiosed by 
water with formation of a basic nitrate, and when 
It IS boiled with water mercury is volatilised and 
may lie condensed in globules (Kada, t'Jicni. 
Soc Trans. 1890, 1007). Several basic nitrates 
are known {r. Box, Zeitaeh. anorg. (’hem. 11)04. 
40, 174). 

Mercuric nitrate llg(J^Oa )2 i^^ j>ro(liu'ed by 
boiling mercury with nitric acid until the .solu¬ 
tion no longer gives a jirecipitatc with sodium 
chloride. Large crystals coiitaiiiing 

2ilg(NOa)24i2^> 


by heating raercurou.s fluoiide in dry ciiloriiio at : separate on concentration. 

275®, or in dry bromine at 400", or by heating action of water at 25" on meicuric 

mercurous liuonde at 450" under 10 mm. nitrate produces a basic salt, IlgfNOJs-RgO, 
pressure. 'Pransparent octaheilral crystals, ^ heavy white powder, which is dccomiiosed 
m.p. 646°, b p. 050" (estimated). On exposure further treatment willi water yielding the 
to air hydrogen fluoride is evolved and mercuric ^xidc (Cox, Zeitecli. anorg. C'hein 1904, 40, 
oxyfluoride and ultimately mercuric oxide are 

formed. MerCUrous nitrite ilg..{^«’02)s ia jiroduced by 

Mercuric chlorofluoride HgaCIF, a pale the action of dilute nitric acnl upon mercury 
yellow substance, formed by passing dry ^^nd forms yellow necdJc.s wliu-h arc partially 
chlorine over mercurous fluoride at 120" (Ruff Jocomposed by water. Dilute nitric acid slowly 
and BahJau, Her. 1918, 51, 1752). ' converts it into mercurous nitrate, and when 

Mercurous sulphate Rga(.S() 4)2 is prepared by I jt decomposes yielding nitiic oxide, 

dissolving 2 jiarts mercury m 3 parte suljihuric mercurous nitrate, mercury, and mercuric oxide 
acid with the aid of a gentle beat; or by the | Zeitecli. anorg. (‘hem. 18y(>, 12, 365; 

addition of sulphuric aeid to a solution of nier- (q,(^m. ^oc. Trans. 1897, 337; Ray and yen, 
curous nitrate; or by the electrolysis of sul- ,i„(i j(>03, 491). 'J'he jnire salt has sp.gr. 5-925 
phuric acid with a mercury anode (Iluleit, (pay, (fliem. Soc. Trans. 1908,999). 

Zoitsch. physikal. Chern. 1904. 49, 494). It is a Mercuric nitrite Dg(N02)2 i.s obtained by tho 

white crystalline salt whiidi with water yields j action of mercuric chloride on silver nitrite or 

first tho basic salt ilg 2 S^l 4 '-R? 2 ^^»H 20 , and ffnally ! by^ tho decomposition of mercurous nitrate by 
the oxide. 1 ^aler (Ray, (.'hem. Soc. Broc 20, 57 ; Chem. 

Mercurous sulphate is used in the standard | Trans. 1897, 71, 337). 
cells of Clark and Weston. j Mercuric hyponitrite lJgiJ 2 f^ 2 ‘ formed by 

Mercuric sulphate HgSO^ is prepared by j action of sodium hyponitrite on mercuric 

dissolving mercury in strong suljihunc aeid ! n,trite, is a buff-coloured powder wliieli decom- 
with the aid of heat, or mercuric oxide ill dilute ''poses spontaneously into nitric oxide and 
sulphuric acid. Its jireparation has been do- inercurous hvponitrito (Divers, ('hem. Soc. 


scribed under Mercimr, c/ilortdc. 


Trans. 1809, 119 ; ecc oho Ray, ibid. 1907, 1404, 


From its tv.dution in sulphuric aeid it crystal- ; 2031 ; Ray and Dauguli, ihid. 1399). 

Uses in small, silvery, stellate jdateH. When ^ Mercury Oitride N 2 Hg 3 is jiroduced as a 
strongly heated, it becomes reduced (o mer- brown powder by the action of potassamide on 
curous sulphate with evolution of oxyireii, mer- mercuric bromide in liquid ammonia solution. 


oury, and sulphur dioxide. 


When dry it is very exjilosive {i\ Franklin, 


It is soluble in sodiuin chloride sidution. I Ze'tsch anorg. Chem. 1905, 46, 1). 


When heated with water it produces a yellow j 
basic sulphate HgS 04 ‘ 2 HgO, which turns red ■ 
when heated, known as turpeth or tiirbith mineral^ 
which is soluible in 2000 parts of cold and 600 j 


Mercury acetylide {mercury carbide) 
(‘lHgH(':('H(3 

prepared by jirssing acetylene into a solution of 


parts of hot water. Turpeth appears to bo the oxide m amiuomum hydrate and 

only basic sulphate which can exist in oqnili- carbonate is a heavy white powder which is 

briim with water at 25» (Cox. Zeitseh. aiorg. “‘i? 

dhem. 1901, 40, 165; Hoitsema, Zeitset Trans 1894, 204). For the action of acetylene 
-- - - . - on solutions of mercuric chloride and acetate, 


physikal. Chom. 1895, 17, 661 ; Guinchant, 


Bull. Soc. chim. 1896, fiii.] 16, 566). A thio- 


Burkard and Travers (Chem. Soc. Trans. 


basic mercuric sulphate, 4Hg0‘2HgS’3S0j,4H20, 
liaa been described by Estrup (Zeitseh. anbrg. 
Chem. 1909, 02, 168). 

Nitrates. Several nitrates of mercury are 


known. When excess of mercury is dissolved 
in a cold mixture of 1 part nitiic acid and 4 


1902, 81, 1271); Blitz and Mumui (Ber. 1904, 
37, 4417), and Brame ((’hem. Soc. Trans. 1906. 
427). Chapman and Jenkins {idem. 1919, 115, 
847). An acetylide containing twice the amount 


is diewlved I acetylene, and having the constitution 


CHCl:CH-Hg*CH:GHCl 
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liHK benn prepared by Jenkins (Chem. Soc. 
Trans 1921,119,747)/ 

Mercuric cyanide ng(0N)2 is prepared by 
boiling a solution of 1 part potassium ferro- 
cyanide and 2 parts mcreiiric sulphate in 7 parts 
water: 

2K4Fe(CN)„4 7HgS04 

-:(iHg({rN)2+4K2S044 

It may also bo prepared by adding 31 grains 
sodium cyanulo diRsolved iii .70 c.c. water to 
90 grams moronrjc suljihato. Heat is evolved 
and the whole solalifios to a mass of granular 
niorcuiie ryankle which isextracled with boiling 
alcohol and finally rccrvstalliKocl from wafer 
(Kup)) and (loy. Apolh. Zeit. 1008, 23, 374). 

If crystallises in white needles or tetragonal 
iniHins soluble in 8 ])ai ts oi cold water, insoluble 
in absolute aleoliol. When ignited, it decom¬ 
poses with evolution of eyanogeii. 

In aqueous solution mereuric cyaiudi'i only I 
undergoes ionic ilissoeiaiion to a very small 
extent, ami therefore cloo.s not exhibit all the 
usual reactions of mercuric salts. Kor example, 
Willi potassium ioilide it yields, nut mercuric 
lodulc, but a complex salt Hg{(lN)j,'TTgl 2 - 2 K('N ; 
(Itupjt and (!oy, Arch. IMianii. 1JKI9, 247, ](M)). 
It is decomjiosed with formation of hydiueyanic 
acid by hydroidilorio, hydrobroraic, and hy- 
drioclic acids, or by auljihureitcd hydrogen, but 
not by dilute sulphuric or nitric acids. 

The a<iueous solution readily dissolves mer¬ 
curic oxide forming the basic salt llg( 0 N) 2 *Hg(), 
which is used as an antiseptic under the name of 
mercuric oxyci/iinide (Holdermann, Arch. Pliarm. 
J905, 243, mO; lOOb, 244, J33; Kupp, ilml 
1906, 244, 1 ; Jones, Pliarm. J. 1920, 103, 87). 
'J’hc pure salt is dangerous to handle and may 
oeca.sion explosions. 

Mercuric thioayanate HglCiNS)^ is ju-ejiared 
by the addition of an exco.ss <jf mercuric chloride 
to a solution of ammonium thiocyanate. It 
forms a white crystalline proiupitafo which 
burns freely wlien ignited with evolution of 
mercurial vapours, and forms a most voluminous 
ash. 

It is occasionally made into a tliick paste with 
gum and worked into pilules which when dried 
arc Hold^as Pharaoh's serpent's eqqs. 

It is soluble in a sohitimi of ammonium thio¬ 
cyanate, and this solution, under the trade-name 
‘ Agfa,’ is used as an intensifier for photographic 
negatives (Eberhard, Photo. Mittheil, I1M)1, 3H, 
16; J. Soc. Chom. lud. 1901, 387). 

Ammoniacal ('oMi’oirNii.s OF Mercurv. 

Very many of these compounds have been 
described, but little is known as to their con¬ 
stitution because the ordinary methods for the 
determination of molecular vfeight are not 
applicable to them. 

It is probable that there exist substitution 
products of ammonia of the type (OHgjlNHj'X' 
(amtVio-wierewric com'}-iou'i\ds) ; substitution pro¬ 
ducts of ammonium compounds of the type 
NKg^X'-HaO 

mcrenri-ammontum compounds ); and additive 
compounds of ammonia and mercuric salts. 
{See Rammolsberg, J. pr. Chem. 1888 [ii.] 38, 
558; Barfoed, ibid. 1889, [ii.] 39, 201; Pesci, 
Gazz. chim. itak 1891, 21, 669; Zeitsch. anorg. 


; ('hem. 1899, 21, 301 ; see also Hofmann and 
! Marburg, Annalen, 1899. 306, 108; Zeitsch. 

; anorg. (’hem. 1900, 23,126 ; Franklin, 0. Amcr. 
(‘Iiem. Soc. 1!H)7, 29, 36). 

Milhn's hose has the empirical formula 
HjOjNHgg, and is regarded as dihydroxydimer- 
, curiammomvm hydroxide (HO-Hglj: XHg’OH, 
or as dimerenriammoniom hydroxide 
Nirga*0H*2Jl20 

It is formed as a pale yellow powder when 
mercuric oxide is gently wanned with dilute 
ammonia. Jt deflagrates alicii heated. 

Salts of Millov's base ore formed by dige.stiiig 
1 the bas(‘ with dilute acids, or by adding ammonia 
(o sdIiiIkuis of mercuric salti^ of oxyacids. 
Anliydrous salts of the formula NHgjX' have 
b(*(‘n obtained but are jirohably not true deriva¬ 
tives of Millon’s base, hut amino comjmunds of 
the type llg : X'HgX' {Franklin, Zeitsch. anorg. 
('hem. 1905, 4(i, 1 : sec also Fraii 9 ois, Compt. 
rend. IttOO, 130, 332. and 1022). 

The iodide of Milhn's hose (()Hg) 2 Nll 2 'l 
{orydim€rciinomvi 07 i.wm iodide) is formed by 
adding ammonia to a solution of nieivuric po¬ 
tassium iodide (Xessler’s .solution, v. Analysis), 
or by the action of excess of aninionia on mer¬ 
curic iodide. It is a brown jiowder, fusible 
without decoinposilion 

Amino-mercuric chloride, Infusible while 
Ipieeipilate HjN'llgCl (Hofmann and Marburg; 

! Franklin ; Saha and (Oioudhury, Zcitsidi. anorg. 

I Chem. 1914, 86, 225), is prejiared by the addition 
of ammonia to a solution of mercuric chloride, 
j For medicinal jiurposea I ounce of mercuric 
chloride is dissolved in 3 quarts of water, and 
to the cool solution 8 fluid imnees of concentrated 
ammonia is addl'd with frequent agitation, and 
the precipitate is washed and dried. 

It is a ahite, inodorous, highly poisonous 
jiovsdor, totally volatile on heating to 360®, 
slightly soluble in boiling water, easily soluble 
i in nitric, hydrochloric and suljihurie acids, in- 
soliilile in alcohol. 

An analogous compound derived from ethyl- 
amine, NTl((.'.Jl6)HgCI, is known. 

By digesting infusible while jin-eipitatc with 
nearly saturated solutions of ammonium chloride 
containing varying amounf.H of merciirie chloride, 

I compounds of the formula 3HgCl2‘2NHa or of 
, ng('l 2 ' 2 Nir 3 separate out. By using solutions 
I nearly saturated with mercuric^chloride, and 
adding variable sinall amounts of ammonium 
chloride HgCl 2 ‘NH 2 'HgCl is hirmed (Stromholni) 
(Holmes, Chem. Soc. Trans. 1018, 113, 74). 

Fusible white precipilaie Hg(NH 3 ) 2 Cl 2 is 
produced by boiling the above compound with 
ammonium chloride solution, and form crusts of 
small regular dodeeahedra. 

Mercury Salts of Organic Acids. 

Mercurous formate Hg8(H(;02)2, obtained by 
adding sodium formate to mercurous nitrate 
soliitiofl, forms white leaflets soluble in 250 parts 
of water at 17®. When boiled with water it is 
reduced to metallic mercury (Liebig, Annalen, 
3, 207). 

.Mercuric formate Hg(H(’02)2, obtained by 
solution of yellow mercuric oxide in dilute 
formic acid, slowly changes to niercurouc for¬ 
mate with liberation of formic acid and carbon 
dioxide (Varet, Compt. tend. 1906, 140, 1641). 
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Mercurous acetate llgaK'Ha 002)2 forme 
white leaflets, more stable than the formate, 
soluble in i)arts of water at 12''-15" (Lefort, 
Annalen, 50, 2.47). 

Mercuric acetate Hg(CHa• 002)2 forms 
white leaflets soluble in 2‘75 parts of water at 
10® and in 1 part at 100®. The aqueous solution 
is acid, and on wanijing, the salt is largely 
hydrolysed. Itoth these salts are used in 
medicine for the treatment of skin diseases. 

Mercuric benzoate is obtained by precipita¬ 
tion from sodium bon/oate and a mercuric salt; 
it cannot be reerystalUscd from water, as it is 
very slightly soluble, and undergoes partial 
hydrolysis. _ 

Mercuric weate and stearate, prciiared by 
double docotnjiosition. arc used in pharmacy 
(Dott, Chemist atnl Druggist, 1909, 74, 785), 

Mercurous oxalate Hg 2 C 204 is a white salt, 
very slightly soluble m water, insolhble in excess 
of oxalate (Schafer and Abegg, Zeitseh, anorg. 
Chem. 100.7, 45, 299). It has been used in 
gelatin emulsions for phototype printing 
(Castellani, Phot. Korr, 1900, 43, 281; J. Soc. 
Chem. Ind. 1900, 827). 

Mercuric oxalate Hg02O., is also siiaringly 
soluble in water, but forms soluble double .salts 
with many oxalates. In solution it is quantita¬ 
tively reduced to mercurous oxalate by the action 
of light (Roloff, Zeitsch. pliysikal, t’hem. 1894, 
13, 324). This reaction is made use of in Edcr's 
merc-urij oxalate photometer (e. Abegg, Zeitsch 
Elektroohom. 1903, 9, 509). The sensitiveness 
of the solution to light is increased by the 
fluoresceins and their sodium salts {.lodlbaucr 
and Tappeiner, Ber. 15»05, 38, 2002). 

Mercuric fulminate (C: N 0)2Hg,4H20 is jue- 
pared by adding 17 parts of alcohol (00 p.<-.) to 
a cold solution of 3 parts of mercury in 30 jiarts 
of nitric acid (aji-gr. 1 *34), contained in a large 
flask. The mixture froths and turns black, and 
a very violent reaction takes }>lace which is 
moderated by the addition of another 17 parts 
of alcohol. On the largo scale the reaction is 
carried out by mixing in large glass balloons 
1 part of morcurv, 10 parts of nitric acid (sp gr, 

1 *33), and alcohol (sp.gr. 0*833) in the proportion 
of 1 litre to each kilo, of acid. The reaction 
generally begins spontaneously and is allowed 
to proceed by itself (Beckmann, Ber. 1880, 19, 
993; Lobry de Bruyn, ibid. 1370) {v. Kulminic 

AOID). e 

On cooling the solution produced by either 
method, mercuric fulminate crystalUses in 
shining white or grey-coloured prisms, sp.gr, 4-42. 
It is insoluble in cold water, but fairly soluble in 
hot water and in aqueoms ammonia (f. Steiner, 
Ber. 1876, 9, 779). 

Pure mercury fulminate is unacted upon by , 
potassium permanganate, and the presence and 
amount of uflsaturated impurities in the salt 
may be determined by its behaviour towards 
permanganate (Rathsbnrg, Her. 1821, 54 1B|, 
3185). 

Mercuric fulminate explodes violently on 
percussion or wlien treated with sulphuric acid, 
and is much used as a detonator (t». Explosives): 
but when ignited with a flame it bums witlj a 
reddish flame yielding carbon monoxide, nitro¬ 
gen, and mercury. 

Mercuric Azide HgN’, may lie obtained by 
mixing concentrated solutions of sodium azide 


and mercunc nitrate, when mercuric azide is 
precipitated as a powdery mass which can Iw 
purified by solution and crystallisation. It is 
highly explosive. Although it has the same 
molecular weight as mercuric fulminate and 
develops the same volume of gas on detonation, 
its ‘ brisance ’ is twenty to thirty times as 
great (t/. Htettbacher, Zeitsch. ges. Schiess. u. 
Sprengstolfw. 1920, 16, 211). Ser ExmosiVES. 

Mercury gallate, prepared by triturating 
37*0 grams gallic acid and 21*0 grams yellow 
mercuric oxide in 25 c.c. of water, is used 
tlierajMJUtically as an antisyphilitic (Brousse and 
(iav, <!ompt. rend. 1893, 117, 284). 

Mercury tannate is prepared by triturating 
mercurous nitrate (20 grains) with tannin (12 
grams), and is also used in medicine (Zdarck, 
•}. Pharm. d’Anvers, 58, 98). 

Mercuric p-phenolsulphonate is used medi¬ 
cinally under tlic name ‘ hydrurgyrolt and its 
compound with ammonium tartrate is similarly 
used and known as ‘ aMeroV 

Organic Meectjby Derivatives. 

Mercury can replace hydrogen in most 
organic compounds, and the substances so formed 
fail into two broad classe.s: (a) those in which 
mercury is attached to carbon, and (6) those in 
which it is attached directly to nitrogen. 
Generally, compounds of class (a) are non- 
plectrolyi(‘.s and in general chemical properties 
resemble tiie parent compounds. Compounds 
of class (h) are usually less stable and in solution 
show the reactions of the mercuric ion. 

Mercury Derivatives of Alipkaiic Covipounds. 

Mercury alkyl derivatives arc of two claasiis: 

(1) Monalkyl derivatives 
X*Hg*C„H 3 „^l(X"ClAk,I, etc.) 

(2) DialkyldcrtvaUvcsirg(C^H 2 „^j) 2 . 

•(1) Monalkyl increury compotinds are pre¬ 
pared : 

(а) By the action of mercury on alkyl 
iotiides in sunlight. 

(б) By the action of halogens, haloid acids, 
or mercury halides on the dialkyl derivatives. 

The halogen compounds are usually colour¬ 
less crystalline solids, which have a definite 
melting-point and can l>c sublimed and distilled 
in steam. Treated ^vith moist silver oxide they 
yield liydroxy compounds which ore thick 
liquids, soluble in water and alcohol, strongly 
basic in character and forming series of salts. 

Methyl mercuric iodide CHg’Hgl, forms 
colourless crystals, m.p. 143®, which sublime 
when heated (Frankland, Annalen, 85, 361). 

Ethyl mercuric chloride CgH^'HgCl forms 
jiearly leaflets,sji.gr. 3*48, subliming at 40® 
(Dunhaupt, Annalen, 92, 379 ; «ee also Buckton, 
ifnd. 1 12, 221). 

Ethyl mercuric hydroxide CaHj'HgOH, pro¬ 
duced by the action of moist silver oxide on the 
preceding compound, is a viscous caustic liquid 
which gives rise to a number of salts. 

(2) Mercury dialkyls are prepared: 

(a) By the action of sodium amalgam on 
alkyl iodides in presence of ethyl acetate {Frank¬ 
land, Annalen, 130, 105). 

(b) By the action of potassium cyanide on 
mercury alkyl iodides. 
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(r^ By treating zinc alkyls with mercuric 
chloride or an alkyl mercuric chloride (v. also 
Buckton, ibid* 108, 103). 

They are coIourJess heavy liquids, unchanged 
by air or water at the ordinary temperature. 
They have a peculiar faint odour, and are 
extremely poisonous {v. Hepp, Bcr. 1887, Ref. 
798). When heated in air they bum. 

Mercury dimethyl Hg((JH 3)2 has b.p. 93®-96° 
and 8 p.gr. S'OT. Hydrochloric acid converts it 
into mercuric chloride (Seidel, J. pr. Chem. [ii.] 
29, 134). i 

Mercury diethyl Hg(C 2 H 5)2 has b.p. 159*^, 
sp.gr. 2*44. .Mixed mercury alkyls of the type 
have not boon oMu-ined (Frank- 
land, Annalcn, 111, T)? ; Buckton, -ihid. 109, 
222 ). 

an account of the many known aliphatic 
compounds containing mercury, .see Beilstcin’s 
Handbuch der Org. ('hem. Bd. i. 1524-1520 ; 
suppl. i. 854). 

Mercui iclhyhne-diamine sulphate 
Hg(CK./NH 2 ) 2 K,S 04 

mixed with a molecular proportion of ethylene 
diaraino is used as an antiseptic under the trade 
name ‘ suhlainm.’ It does not precipitate soap, 
or coagulate albumen, and has a greater germi¬ 
cidal and a h'ss toxic action, weight for weight, 
than mercuric chloride (Scordo, t’hem. Soc. 
Abstr. 1907, ii. 713; Pesiti, Gazz. chim. ital. 
1909, 39, i. 143). 

Mcicury Dtrivatioci of Aronialie Coinpoufid.'<. 

Aryl mercuric compounds are formed with 
an ease comparable with that of sulphonation or 
nitration and the metal enters the usual position 
in the molecule (except in the case of benzoic ! 
acid, v.t.). I’hcy are usually prepared by boiling 
the aryl compwinds with mercuric chloride ! 
solution. W^hen acted on by stannous chloride 
ill alkaline, solution they yield mercury and 
mercury aryls of tlio type (Himroth, ('hf m. 
Zentr. 1901, i. 449). 

Mercury diphenyl Hg(C,H 5)2 is prepared by ; 
lieating bromobonzene, mercuric chloride, and 
metallic sodium in benzene (Michaolis and Reese, 
Bor. 1882, 2876); or by heating bromobenzene 
with an equal volume of xylene, a little ethyl 
acetate*and excess of sodkim amalgam (Aron- 
heim, Annalen, 194,145). It is also obtained by 
the action of morcuric chloride on an ethereal 
solution of magnesium phenylbromidc (Pfeiffer 
and Truskier, Ber. 1904, 37, 1126). It crystal* 
lises from benzene in white needles or rhombic 
prisms, m.p. 125”-126“, is easily volatile and 
gives a vapour irritating to the eyes. Mercury 
diphenyl has a therapeutic action equal to that 
of the fatty comjiounds, but it is less poisonous 
(Louise and Moutier, Conipt? ijpnd. 1905, 140, 
1703). 

Phenyl-mercuric chloride C,K 5 ’HgCl, made 
by the action of chlorine on mercury diphenyl, 
forms small white rhombic prisms, m.p. 250® 
(Dreher and Otto, Annalen, 154, 03). 

Phenyl-mercuric hydroxide GjHj'HgOII is a 
strongly caustic liquid and forms numerous 
salts (Otto, Ber. 1885, 246). 

Mercury di-iolyl% di-xylyls, di-nuphthyUy &c;, 
are known, and each forms similar series of 
compounds. 

0 - and p-IJydroxyphenyl 7nercurioxid€s and 


hydroxy-phenykne-dimercuryoxides are present in 
the so-called * mercury phenate,' the hydrargy¬ 
rum carholicum —of the pharmacopceias (Himroth, 
Bcr. 1902, 35, 2863). This is obtained bv preci¬ 
pitating a solution of mercuric chloride witli 
sodium phenate (Merck, Apoth. ZeR. 1889, 4, 
661; Andres, Pharm. Zeitsch. Russo, 27, 625), 
and is used medicinally in the treatment of 
syphilis. 

o-IJydroxymercuribcnzvic anhydride 

IS the chief constituent of the ‘ mercury boa- 
znato’ used medicinally. It i^ picpared by 
digesting freshly precipitated mercuric oxide 
with benzoic acid and water and is formed by 
the action of dilute acids on the salts of o- 

hydroxyinercw^tbenzoie acid 

o-Mercmidibcnzoic acid Hg: (UjH^’COOH)^ 
18 also known (Pesci, Atti. R. Accad. Lincei, [v ] 
10, i. 413). 

Anhydro-o■hydroxymcrcurisalicylic acid 


CO-0 



is produced by boiling mercury salicylate with 
water for 15 minutes, and is therefore the mam 
constituent of ‘ hydrargyrum salicylkumf w’hich 
IS prepared by digesting yellow mercuric oxide 
I with aqueous salicylic acid. It is much used in 
i the treatment of syphilis (Bnroni, Gazz. chim. 
i ital. 32, ii. 307 ; Himroth, Ber. 35, 2872; eee 
also Larin, Chem. Zeit. Rep. 1901, 26, 193). 

(For further details of mercury aromatic 
compounds and a complete bibliography, v. 
Beilstein, Handbuch der Org. Chem. Bd. iv 
1703-1713; suppl. iv. 1208-1218. 

MERGAL. Trade name for a combination of 
mercury cholatc and albumin tannate. 

MERIODIN. Meriodin is a trade name for 
mercury diiodo-para-phciiolsulphonate; it is 
also knowm as ‘ mercury aozoiodol.’ It is a 
caustic, and has been used as an antisyphilitic. 
It is an orange-yellow powder, soluble in sodium 
chloride solution, but insoluble in water or 
alcohol. It is employed in parasitic and 
syphihtic skin diseases, and as a dusting powder 
in intertrigo, leg ulcers, &c. ‘ Alloj/ow, a mixed 
mercurous and mercuric compound of diiodo- 
phenol sulphonic acid (‘ Sozoiodol ’), is also called 
Meriodin.’ 

MERLUSAN. Trade name for a mercury 
compound of tyrosine. 

MEROCHINOL. Trade name for mercury 
hydroxyquinoline sulphonate. 

MESCAL BUTTONS f. Mkzcalinb. 

MESlTiTE. A member of the calcite group 
of minerals intermediate in composition between 
magnesite and chalybite. Rather than having 
lhedelinitemolccularcomposition 2 MgC 03 *FeCOj 
assigned to it by Breithaupt, it is an isomorphous 
mixture of 60-70 ji.c. MgCOj and 60-30 p.o. 
FeCOj, grading on the one side through breun- 
nc^to into magnesite, and on the other through 
pistomesite and sidoroplesitc into chalybite. 
8p.gr. 3 3-3'46. It occurs as well-developed, 
pale yellow, rhombohedral crystals in the iron 
mines at Travorsclla in Piedmont, and as sparry 
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massoa in the Styrmn tnHgncHitu (breuuneriU') 

deposits. L. J. S. 

MESITOL V. ThENOL and its llOMOLOQUES. 

MESITYLENE r. (‘lIMKNES. 

MESORCINOL V. I’llENOL AND ITS HOMO- 
Loonus. 

MjESOTAN. 'I'rade ruiinr for a y<i]|(iwis}i 
oily liquid, OH'Ojir 4 ‘(X)*OCUla'(>OH 3 , olilaiiied 
by treating sodium salicylate witli nionodilor- 
tbracthyi other (r. SYNTHEno dkugs). 

MESO'THORIUM v. Radioactivity and 
'J’lrOBIUM. 

MESOXALDIALDEHYDE v. Ketonhs. 

MESOXALIC ACID r. Ketones. 

META-ARABIC ACID V. (lUMS. 

METACETONE. Ry li<‘atii)g sujiai witli linx* 
Kremy obtained a Kubstaiice, b.p. H4 to wfneh 
he gave the name mdacHonc and the formula. 
('gHjflO. Fiaeher and Layeoek tind tlmi this 
body JH in reality a mixture of yAoy;///r//t/r////di, 
dimeHiijlfmJtmin, a lliiril .mib.^-.tance vitii flu- 
properties of a hydriHarbon, ami a niimbei ot 
other l(»wcr and liigber boiling lioinologm's. 
Fischer and Layeoek distilled 100 kilos, of sugar 
and 3(K.) kilos, of burnt lime, and eolleeted the 
distillate in fractions. Frax-tion a, di.stilling 
below 05'^, (Munbined partly with jiiienylbydra- 
zme, yielding the phenylbydrazone of jiropylal- 
dehydo. The distillate boiling at 25'^-4r»'’, con¬ 
sisted of furfuran, and that boding at 4r>‘’-(>5° 
is probably methylfurfuran. Fraction t, dis¬ 
tilling at was treat'd like traction o, 

phenylhydrazino being added, and the prodmd 
ilistilled. Tlic distdiatc con.sisted of a hydro¬ 
carbon and a substance which disRo|\«‘d on 
heating Tvith dduti^ iiydroehloric acid tfi 170'^. 
torraing acetonylueclone, and whicli is jirobably 
diniethylfurfiiraii. 1’Jn‘ rc.sirluc, which com¬ 
bined with phenylliydrazine is (be phenyl- 
bydrazone of propylnldeliyde. 'J'lie fraction 
boiling above 115® is a coni|>lex mixture, con- 
sisting of higher hoiiiologues ol lui’furnn and 
aldehydes, which could be removed with sodium 
bisulphite. 

Fischer and Jjayeock have investigated wood 
tar, and found that this likewise contains jimpyl- 
aldehydc and dimethylluifuran (Ber. J8H0, 22, 

101 ). 

METACETONIC ACID V. I'ROPIONIC ACID. 
METAHEWETTITE ti. Hbwettite. 

METALDEHYDE t-. Aldehyde. 

METALLIC SOAPS v-. Foaph. 

METALLOGRAPHY deals with the jiiiernal 
structure and constitution of metals and I heir 
alloys. The science is a com}iarative!y young 
one, dating back only to 1 S(j 4. whe.i yorby 
(Proc. Sheffield Lit. Phil. 8oe. J8()4) lirst applu’<.l 
the microscope to the .study of nielals and 
established the close analogy which exists 
between the internal structure of metals and of 
rocks. Sorby’? pioneer work, however, remained 
neglected for a long time, and the microscopic 
study of metals and alloys was revived inde¬ 
pendently in (iermany by Martens (A. Martens, 
Zeitsoli. Ver. dent. Ing. 1878, 22, 11) and in 
France by Osmond (F. Osmond and J. Werth, 
Fompt. rend. 1885, 100, 450). Since then the 
subject has developed rapidly, and npw 
iiuniber.s many enthusiastic workers, among 
whom may be mentioned in England the late 
Boberts-Austen, Arnold and Stead; in France 
Osmond, Le Chatelier, Charpy, and Guillet; and 


ill Gerinaiiy Jlcyn, Must, Friedrich, and 

'rammami. 

The metiillograpliic study of metals ami 
alloy.s is carried out by both micro.'K o])ical and 
! physical means, the most imjjortaiit of the latter 
being tlie thermal or jiyrometric study of tlu' 
Ixihuviour of the.so bodies on heating and 
cooling. Other physical methods, such as 
measurements of tlicmial ex]iaiision, eleidrical 
re.sistance, solulion potential, aii<l many other 
quantities have also lM*en ein]>h»y(‘d. 'Phe jiyro- 
iiH'tnc method is, however, at. present far tJie 
most, fruitful and important, ami in the present 
ailich' attention will Ix' almost entirely con- 
tmeil to this one among th<‘ jihy.'^ical methods 
pist refcired to. In the majority of metal- 
Jograj»liic ri'.searehes tlii' pyrometer and the 
microsciipe are pracliiMlly the oiilv instriinienis 
used. 

The jiynunef ru' study ‘>f metals and alloys 
coiiKi.vl.s in observing llte pbeiioinena wliieh 
uc( iir in the heating or cooling of the sub.stam^o 
iK'tweeii (he oidinary or even an artilicially 
lowered tx’niperature. and a liigh temjieraturi* 
at which the medal or alloy is (omjiletely 
molten. The ])henomena in question aiise frtuii 
the fact that when the* suhstaiicc undergoes 
either a change fd stat-e, an allotrojiie or poly- 
rnorpliic transformation, or a chemical reaction, 
thi^se changes aie alimist umversalhy accom¬ 
panied hy an absoi |)(.toti rij- a n c\ olution of heal. 
A familiar exajiiplc is l uind m tJie fie<‘/.iiig of 
water to form ice. a jtroce.ss winch is accomjianied 
by the evnjlution of a veiy largo amount of heat, 
VIZ. the latent heat of fusion of the water. Jf 
the cooling jiroeess of .a body liable to such 
changes is follovveii with a suilable instrument 
for iiK'a.surmg ti'inpeiatures, ami the rate of 
cooling be observed it is fnuml tliat the oeeur- 
reiiee of a hoat-evoluti<m at #Miy stage of tin* 
cooling process re.sults in a K'tardation, and 
sometimes even m an entire cessation of the 
cooling proees.s—the. hi’at oAolved by the 
transformation of the sub.stama' for a time 
balances tlu' loss of heat dui' to radiation, 
(;ondition, &’c., and keejis the temperature 
stationary. For this reason the temperatures at 
which such changes occur are frequently 
refeiTcd to a.s ‘ aiTest-points ’ in the cooling (or 
heating) ‘curves’ ot th«‘ body in questihii. In 
the ease x>f metals, tliese curves are obtaim'd hy 
means of a pyrometer, and geiuTaily some form 
of«tinie-ohservalinii which enables the obsei’ver 
to record the rate of cooling over the whole range 
of temperatures involved. Such observations 
are most simply represented by jilotting them 
111 a curve having the temperature of the metal 
as -.nlinate and the time as abscissa, such a 
cinve being knowm as a ‘time-temperature’ 
coohng (t.tr heat^n^^) curve ; on such a curve the 
arrest-points are shown as more or less marked 
battenings of the curve (Fig. 1). If it is desired 
to plot such a curve on a large scale—and in 
practice the temperature range involved may 
be a.s much as ]0(K)®—this mode of plotting is 
found cumbersome, and it is preferable to plot 
the observations in the form of an ‘ inverse rate ’ 
curve. 'I'he ordinates of this curve are again 
the temjioraiures of the metal, but the abscissse 
are the time-intervals occupied by each succes¬ 
sive decrement (or increment) of the temperature 
of the metal. Thus, during the steady cooling 
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preceding the commencement of aolidificatioii, , 
each fall in temperature of 'A'’ might occupy, . 
for c.xainple, 12 secoiids ; then the S'" interval 1 
iiiclnding the coiiimeneenient of freezing might ^ 
ocunpy a time of ; 
120 seconds, the j 

\ next following fall i 
of S'" might oc- j 
oupy 40 seconds, ^ 
and the following 
one as little ns JO 
seconds; m the 
invejso-rate cm vo 
tliese observed in¬ 
tervals wouhl he ! 

.■ jilolted against i 

Time the mean temjie- 

Fio. 1. lature ol each 3 ’ 

interval. In these 
e.urv(‘s, unilorm rales nf cooling are repre- 
Kontod by verlh’al lines, while arrest points 
appear in the form of more or less sharp 
))caks, w hose areas apjiroxiniately represent 
i.ho quantity of heat <‘\'o]ved by the. tran.s- 
formation in <|ue.stion (W. llosenhain, Observa¬ 
tions on Keealosi^enco (’urvt'S, l‘roc IMiys. Soe. 
I.oudon, lOOH, 21, 180; ,stc Fig. 2).' lioth 
tyjies of curves represent observations of time 
and temperature ; in another method of work¬ 
ing, the ti'inperature of a uniformly cooling 
body, such as a piece of pure platinum or 
porcelain, is used as one of the elements of the 
curve. Against the actual temjierature of the 
cooling jiiece of metal is plotted the difference 
bet ween its temperature and that of the neutral 
comparison body just inentioiu'd ; this method 
—known as the ‘differential’ or difference 
melhoil of Hoberts-Austen- has the advantage 
of extreme delicacy, but it is somewhat more 
laborious and reqfiires more skill on the part of 
the observer in manipulating the apparatus, 
wlidn it is also limiU'd to the oliservatiori of 
heai-evoliitions occurring at temperatures •at 
which the metal in question remains solid. For 
all these methods of taking cooling or heating 
curves, the temperature observations are usually 
made by means of a thermo-couple whose E.M. E. 
is measureil m some eonvonient way. Thp most 
widespread inetliod of making this measurement 
is by reading the dcfloetion»of a galvanometer, 
usually of the 
moving-coil tyjie, / 

but this method ^ / • 

has serious disad- ^ / 

vantages, and for — 

cases where any s C”**^ 
considerable ac- 1 : 5 ^ \ 

curacy is required | 1 

the electro-motive I 

force of the couple I* « 

should be mea¬ 
sured accurately ^ ^ 

by means of some Time /nterve/t 

suitable form of a 

potentiometer {W. 

Rosenhain, The Metalh^graphic Investigation of 
Alloys, Journ. Inst. Metals, 1909, i, 200; Obser¬ 
vations on Recalescence Curves, Rroc. Phys. 
Soc. London, 1908, 21, 180), The neglect of 
this condition has rendered a large amount of 
metftllographio investigation unreliable. i 

Recently, important improvements have' 


, been iuiruduced in the methods of taking 
! thermal curves ol metals and alloys. So long 
! as the specimens under observation were allowed 
I to follow the ‘ natural’ behaviour of thofurnaw 
; during lieating and cooling, the rate of change 
j of tcmperatui’c was always much inure rapid 
at the lower end of the temperature scale during 
heating and at the upper end during cooling, 
simply because a furnace rises most rajndly in 
temperature when heating first begins and cools 
most rajiidly while it is still very liot, ».c. when 
cooling commences. This large variation in 
the rates of heating and cooling within the 
course of a single curve results in several dis¬ 
advantages, l‘'irst, since the maximum rafo 
of heating or cooling must not become exces¬ 
sively rapid, tlie lower rates whicli occur at the 
ofiposite ends nf the curves bccome.s excessively 
slow, so that Die total iiini' occupied in taking 
the <-urvp is much prolongiMl. Further, lieat- 
evoliilioiiH or absoiptions observed in those 
parts of the curves taken at a very slow rate 
are notr reailily eomjiarahle with those observed 
while (he specimen is being lu’ated or cooled 
at a more normal rate. One way of overcoming 
tins difficulty consists in dcMsing a fiiniacc 
w'hich can lie heated and cooled at a uniform 
ral^* throughout the range of temperature 
icqnired. 'riiis can lie done by electrical means, 
but involves the. use of a type of furnace which 
IS thei mallv very inefficient, since the total hcai- 
capaeity of the Inrnace must bo kej>t low if its 
temperature is to follow the rate of elei'trical 
energy supply without material regard to the 
ordinary laws of cooling. ’I'he method has, 
however, been very successfully employed by 
Hurgess and ('rowe at the Bureau of Standards 
ill Washington (Burgess and Crowe, Bulletin, 
Amer. fust. Mining Eng. 1913, 2537-2591 ; 
also ycicntific Papers, No. 213, U.I8.A. Bureau 
of Standards, 1914). Another method, which 
has been worked out ami adopted at the 
National Physical Tjaboratory, avoids any 
attempt to control the rate of cooling or heating 
of a furnace, but utilises a furnaeo consisting 
of a long tube which is kept hot at one end and 
cold at the otlier ; the specimen under observa¬ 
tion IS moved along this tube by mechanical 
means at a constant rate and is thus heated or 
cooled at a correspondingly constant rate. 
These ‘ gradient furnaces ’ have given very good 
results, and they have the considertible advantage 
that the rate of heating or cooling can be varied 
at will so as to suit different purposes (Rosenhain, 
Some Appliances for Mctallographio Research, 
Joum. Inst. Metals, 1916, [xiill 1,160-192). 

Much attention has also b^n given to 
methods of recording thermal oiirves. In some 
respects, photograjihic records are advantageous, 
particularly on the ground that they are auto¬ 
graphic and to some extent frce*from personal 
error; they have, however, the grave objec¬ 
tion that the scale which can be employed U 
necessarily limited to relatively small dimen¬ 
sions so that no great degree of sensitiveness 
can be reached. For that reason, for the mwt 
accurate and delicate work, photographic 
methods are now largely discarded, and observa¬ 
tions are taken by eye and recorded by means 
of a chronograph. If this is done by means of 
an ordinary drum or tape chronograph, the 
subsequent labour of reading off and plotting 
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the observations becomes very great and a distinguished, but only the most important can 
certain possibility of error arises. Both these be mentioned here. The first and simplest 
difficulties have been overcome by a special type arc those alloys in which the two metals, 
type of ‘ Plotting Chronograph ’ {see Rosenhain, when they have reached their final equilibrium 
Some Appliances for Metailographic Research, in the solid state, retain the condition of intimate 
as above). This instrument, from the tapping mixture in which they existed in the liquid state 
of a key by the observer, j^lots directly and at a higher temperature. In tho language of 
automatically the inverse-rate thermal curve on metallography, two such metals form an 
a very open scale and in a manner which largely unbroken hctIcs of solid solutions. In their 
eliminates the risk of undetected errors or final eondiiion such alloys resemble pure metals 
observation. in being built up of an aggregate of crystals 

'I’ho cooling-curves of metals and alloys, whicli are all alike in (composition and properties, 
taken from a temperature at which the metal is In tlie cooling and free/.ing process, however, 

liquid downwards, always show as the higliest the alloys of such a seruis differ markedly from 

arre.st ^hc initial ‘ fri'czmg-jioint ’ of the pun; metals in showing at times a very wide 

metal; below this temperature, at which the range of tempera- 
liquid motal first begins to deposit solid crystals, tiiro over which tho 
tlio cooling-curves may show from one up to freezing process is 
lour or live further arrest-jinints, oven in simple distributed. Tiic 
alloys containing two metals only. In studying equilibrium dia- 
such a ‘ binary ’ system of alloys, the arrest- gram of such a 

points on tho coohng-curve of each alloy are system of alloys is 

generally plotted as points on a diagram in ahoun in Kig. .3, 
which the concentration of the alloy is used as the line acb repre¬ 
abscissa and tho temperatures as ordinates, the sontmgthe Iiquidus 
result being a temperature-concentratiou dia- or line of commenc- 
gram. If properly completed in such a manner ing freezing, and 
as to indicate all the conditions in which alloys asb representing 
of the two metals can exist in equilibrium at all the line of comjilotc RiO. 3. 

possible temperatures and concentrations, this solidification or‘so- 

diagram is termed the ‘ equilibrium diagram ' of lulus.’ At temperatures lying between these 
tho binary system in question. As a luJc, two lines tho alloys consist of a definite pio- 
however, the mere jilotting of observed arrest- portion of solid crystals in equilibrium with 
points in the cooling-curves of a senes of alloys liquid alloy, but it is important 1o notice that 
is not enough to allow sucli a diagram to be the compositions of tlie crystals and of the 
drawn, tho evidence of the microscope and of liqimlin equilibrium withthcmarenotidentical. 
other physical methods being often i^equiied to The opposite extreme to the type of alloys 
allow of the correct interpretation of the arrest- just described is found in those groups where 
points observed. 'Fhe first and simplest line of the component metals are completely, or almost 
such an equilibrium diagram is that known as completely, immiscible in llfU solid s^aU^ A 

tho ‘ liquidus ’; this is the boundary of the typical equilibrium diagram of this type is shown 

region in w’hich the alloys are (!oin))letcly liquid ; in Fig. 4, where the 

immediately below the ‘lujuidus’ the alloys in liqnidus curve is 
general consist of a mixture of liquid with solid represented by the 
crystals, although in some casi's tho range of lines acb, forming 
toniperaturo over whieli such a mixture occurs a more or less deep 
is very short—in pure bodies, consisting entirely V; tho addition of 

of one chemical entity (pure element or jiure tho metal a to the 

compound) the whole process of solidification metal b lowers the 
occurs at a single definite temperature and no temperature uf ml-* 
region of mixed solid and liquid exists. 1’he tial freezing, and 
liquidus line «f tlie eipiilibrium diagram can, as this low'ering is con- 
a rule, bo drawn definitely from pyroinetric i tinued with mcrcas- 
observations alone, although exceptions occur | ing additions of b. 
in the case of jiairs of metals possessing either j Similarly successive Fia. 4. 

limited miscibility in tlie lupiid state or where additions of a lower 




the formation of a definite conqiound takes 
place slowly in tlie liquid metal. In other eases, 
small breaks of coiitimiity in the liquidus curve 
cannot be definitely located by jiyromotnc 
observations iftone. 

The process of solidification which follow's, 
in any given alloy, iipoQ, tho commencement of 
freezing at tho temperature of the ‘ liquidus ’ 
curve depends, in tho first place, upon the 
position of the alloy in the binary system to 
which it belongs and also upon the type which : 
that system follow’s. Tho typo depends ag|in i 
upon (he maimer in which the two comjionent 
metals undeigo mutual mixture, solution, com¬ 
bination, or separation during freezing and 
melting. A large number of these typos can be 


the initial freezing temperature of b until a con- 
ccuitration is attained where the two branches 
of the liquidus curve meet at the point c, 
which represenliH fhe freezing-point of the most 
fusible alloy of the series. This alloy, both 
in tho free state and when it occurs as a 
constituent of alloys of different composition, 
18 known as the ‘ eutectic ’ alloy of the series, 
or more briefly as ‘ tho eutectic ’ (Guthrie, 
I'hil. Mag. 1884, [v.] 17, 462). This eutectic 
alloy shares wntli the pure metals and with pure 
intor-motaihe compounds the property of under¬ 
going comjilotc solidification at one temperature 
instead of showing a 'freezing range.’ The 
solidification of any alloy of intermediate com¬ 
position, such as that represented by the line 
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PQ, may be described as follows: when the 
coolinj; alloy reaches the temperntnre at wliich 
the lincB pq and AC intersect, solid crystals 
begin, to separate, but these arc crystals of the 
metal a. As a result of this separation, the 
residual liquid metal or ‘ mother liquor ’ becomes 
enriched in b ; the residual liquid is now, in 
fact, an alloy lying further to the right than the 
lino PQ. As the temperature falls, the tempera¬ 
ture of initial freezing of this richer alloy is 
reached and a further quantity of solid a is 
separated, again increasing the concentration of 
B in the liquid. This jiroeess is conttnued until 
the <!r)neentration of tin* jmiiit c, and its tempera¬ 
ture, an' simultaneouHly reached. At that ])oint 
the residual liquid lias the conijiosition ot the 
<‘utectic alloy and solidifies as such. 'I'he alloy 
thus becomes coinplotely solid on reaching the 
t' lnperaf lire of (he hue ni?, ^\hich is usually 
callc'd tlie o.uiei'tic line—(his line (ce) is. theie- 
foro, in this ease, tiie ‘solidus’ of the* system, 
since it forms tiu' lioundary of the region of 
com))letely solid alloys. An alloy such us pq, 
at all leiuiM'iaturcs below that of de consists of 
an aggloinciat(‘ of (uystals of the metal a 
embedded in a matrix of tlie eutectic alloy : if 
the composition of the alloy is such that the 
line PQ lies close to a. then the crystals of a in 
the solid alloy will be large and numerous, and 
little eutectic will be pn'seul, while, as the 
point c is a})|)roacli(‘d. tlie proportion of eule(die 
mereuses. On the other siile of c, the alloys 
consist of ciystais of b emlHHldiMl in the euteidic, 
and these ciystais nicicasc in amount as we move 
from (’ to B. Actual examples ot binary alloys 
strictly following this simple tyjie are rare, if 
indeed tliey exist at all: so far as at present luiown 
(.he alloys of lead and antimony ajiproximato 
closelv io this typ(‘ (Antimony-Lead, Gautier, 
Ueehcielies sur la*fusihilit('^ des alliagcs metal- 
liqiies, bulletin dc la Soc. d’Encouragcment, 
J8(M); (hild-Tludlium, Levin, Zeitsch. anorg. 
(hem. 1905, ‘15, JH). The great majority 
alloys, however, belong to a type which is intci-- 
mediate between tlie (wo extremes which have 
just been desi-ribod: this intermediate typ(‘ 
consists of alloys in which the two component 
metals arc mutually soluble in the solid state 
to a limiteil extent. The typical equilibrium 
diagram *of this class j« givim in Fig. 5 'I'hc 
liquulus is very 
similar to that of 
tyjie II., a eulecti^ 
point being again 
evident at c, but 
the eutectic line i>e 
no longer crosses 
the whole width of 
the diagram. Al¬ 
loys ^rom o and p 
and trom h to o 
behave as regards 
solidification ex- 
Fiq. 6 . aotly like alloys of 

type I., forming 
homogeneous crystalline aggregates which con¬ 
sist of only a single constituent. Alloys from f 
to Q, however, behave like members of type IT., 
but with the difference that the substance which 
commences to crystallise when these alloys reacli 
the temperature of the line ao is not pure a, 
but a solid solution of b in a, or, if the alloy 



lies to the right of c, the crystals consist of a 
solid solution of a in b. 

A considerable number of further tyjies of 
binary scries of alloys can bo distinguiHhcd, but 
it is not possible to deal with these fully here. 
The only other class which need be Mentioned 
are those in which a definite inter-motallic: 
compound is formed. A t^qjical equilibrium 
diagram of such a serie.s is shown in Fig. f», 
wliere the liqiiidus 
curve ACPDB shows 
a maximum (p) and 
two minima or eu¬ 
tectic points, c and 
I). 'J’lie occurn'iice 
of a maximum'in 
the curve of initial 
freezing,such as that 
shown at p, is a de¬ 
finite indicatufii <-f 
the existence of an 
intermetallic com¬ 
pound,although the Fia. n. 

presence of such 

compounds is not always shown in tins way. 
’J’hc simplest way of regarding an equilibrium 
(liagiam of the type shown in Fig. ti, is to 
supjKise it divided into two separate diagrams 
by the vertical line through T, the one half 
being thus a diagram ot tlie alloys of a with 
tlic compound metal P, and the other half 
representing the alloys of h with I*. In the 
diagram as drawn, th«‘ Ictt-liand half then 
becomes a diagram of type. 11., while the right- 
hand half falls under type 111. It should be 
mentioned, however, that in actual alloys the 
formation of tho compound p may not take 
place quite completely, and the alloys may in 
reality contain some free d as well as a and i'— 
the system thus bccomee practically one of 
three components, to which reference is made 
below. 

Eqmlibrniin diagrams frequently contain 
linos other than those forming parts of tho 
‘ liquidus ’ and ‘ solidus ’ curves ; these lines 
represimt the occurrence of transformations or 
chemical reactions within the metal, frequently 
at temperatures well below tliosc at wlucli tlie 
alloys are completely solid. These changes are 
represented on the cooling curves by heat 
evolutions or absorptions, which are sometimes 
so faint as to escape detection by«iny but the 
most sensitive instruments, while in other cases 
they rival the frcozing-point in intensity. These 
heat evolutions may represent either: 

(1) An allotropio change in a pure metal or 
111 the pure metal forming the basis of a solid 
solution or existing in the form of crystals in a 
cutectiforous alloy. 

(2) A polymorphic change in an mter- 
inetallic compound. 

(3j A chemical reaction resulting in the 
formation oi the decomiioHition of a compound 
or of a solid solution. 

Two or more of these changes may occur 
together. An example of such a change is 
indicated in an imaginary case by the line E8 in 
Fig. (), which is supposed to represent the 
dcedtaposition of the compound It will be 
seen that the line extends over the whole range 
of composition in which the compound p can 
exist, either as free crystals or os a constituent 
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of the eutectics in which It occurs. As a rule, 
however, it is dihiciill, and sometimes impossible, 
to find any (jvidencc—either [lyrometric or 
otherwise- for the (u ciirrimce of such changes 
in alloys where ihc compound in question 
exists on,’y as a con.stituent of a eutectic; the 
lino of transforinatiuii is therefore shown as a 
full line only betw'cen t-he ]>oints u and s, where 
the compound exists in the form of primary 
crystals, and as a dotted line over the rest of 
the rang(‘ of its cKistenee. The inlerprctation 
of such a lino of arrcst-poiuts in an equilibrium 
diagram will, as a rule, ho based jirincijnilly 
upon micros(5<n)ic evi(lenc<‘, and this also a])pltes 
to several ob.the other facta tacitly imjdied in 
.such a diagram as that ot Fig. 6 ; but before 
pastimg on to consider the micro8(-o])ic study ol 
allov^, certain other linos of pyrmiH-tric evidence 
must he mentioned. 

Th(‘ most iin|«»rtiint of those lA the determina¬ 
tion of the eml-pointH of a siunes ol aiTe8t-]n>ints. 
anrl of the point of mavimuni intensity of such 
a senes. 'I’lie (irst of thc'.so is important lor 
fixing the po.silion of sm li jiomts as i> and E in 
T), and o. k, and t, in Fig. 6. t’oints i). 
E, K,and I. serve to lix f he limits of solid soluhihtv 
of the metals and compounds m one aiiofher, 
while the [loint o assists in doteriuinuig (he 
exact eompositum ol the compound r, since tlie 
maximum in the hqindus curve is not always 
very shaiply marktid. I’rohably the besl 
method of did-crmimng the lind-point of sucli a j 
scries of arioats eonsists in observing, by means : 
of the m{»sb delicate pyrometric ai>|>araliis 
available, large samples ot the alloys i;oohng at 
a .slow rate, but it is also nece.ssary in such eases 
to secure the complete equilibrium ot the alloy 
at a temperature just above that of the arrest 
to be observed. For this purpose it is necessary, 
in some cases, to maintain the sjiecimens of alloy 
at a definite, more or less high, temperature lor 
prolonged periocls sometimes ii]) to seveial 
—and then to take the observations of 
cooling without having allowed the apecimeus to 
cool down interiiiediatoly {Rosenhain and Arch- 
butt, Aluminium-Zinc Alloys, Phil. I’rans. PJIJ, i 
A, 211). The exact end-point found, liowever, will i 
always lie a little short of the true end-pomt. For 
this reason a method of oxtra]»olation is often 
employed. If the quantities of heat evolved 
at such a series of arrest-points were measimxl, 
the inoasnivnients being reduced to (juanlities 
of heat ])e.r gram me of alloy, then a curve could 
be plotted with concentration as abscissic and 
quantities of boat evolved as oi-duiates. i‘ro- 
vided that the measurmuents were strictly 
accurate, such a curve would simply bo a straight 
line running from the concentration at which 
the heat-evolution was largest down to the two 
end-points of the series; even if not observed 
very close tb these end-points, the line could be 
continued until it cut the axis, and this iiiU-r- 
section w'ould indicate the true ond-j)oint «if the 
heat-evolutions. In practice this method is 
frequently applied, especially by 'J'ammann and 
ids school (Tammann, Zeitsch. anorg. t’hcni. 
P.H)3, 37, 303), both for the determination of 
end-points and of maxima of beat-evolutions; 
but unfortunately it is not possible to make the 
measurements of the quantities of heat evolved 
with any great degree of accuracy. The 
determination of the duration of the arrest itself 


or of the area of the peak of the inverse-rate 
cooling curves is usually employed, and it has 
been shown tliat this is only a rough approxima¬ 
tion ; the variation of .specific heat with con¬ 
centration of the alloys also affects the shape ol 
these intensity curves, so that very great care 
is required in employing this method, which has 
more than mice led to erroneous re.sults (VV. 
Rosenhain, 'J'he Mctallographic Investigation of 
Alloys. Journ. Tiist. Metals, 1969, i. 200 ; OKser- 
vations on Rcc.alesccnce Curves, Proc. Phys. 
Soc. London, 1908, 21, 180; Rosenhain and 
Ihieker, Lead-Tin Alloys, Phil. 'Prans. 1908, A, 
89 ; Rosenhain and Andihiitt, Ahimiiuuni-Zinc 
Alloys, Phil, 'rrans. 1911, A, 211). 

The above account of the pyrometric study 
j of alloys and its duignuumatic representation 
has so far dealt only with alloy'' <;oiisisting of 
' two component metals; in ])raetiee, however, 

I iilli»y.s frequently contain three or more metals. 

' Unfortunately the dillicully t>f making a 
I eonijiletc inctallographic study of a system of 
I iilloys inerc'ases very rajndly with tlie number 
' ol eomjionent mcl.iis; for iifty determinations 
j rc(piir(‘d for the clmndation of a Imiary systeiii 
j ol alloys, 1250 w<mld lx; nxjuiretl for a system of 
tlirt'c metals, wliile ikj attempt at the complete 
' hVsb'imitie study ol a ((uateniaiy system (of 
! four metals) has yet been made, but for c(urt“- 
spondmg completoiK'ss <>\cr 30.000 determina¬ 
tions would be needl'd In tlie case of a ternary 
system (ot Irliiee metal.,) it is still possibh' to 
erajiloy gnijiliii; rejire.sentatioii. 'I'bc concentra¬ 
tions of ‘a system of ternary alloys may be 
plotted in the form of an oqmlateral triangle, 
each eoiner representing one of the jmre com- 
])oneiit metats ; each side of the triangle then 
reprp.sents on<‘ of the tlirce limiting binary 
.sy.xtoms, wlulo the position of any iiomt within 
the triangle rejircsents tlio ..composition of an 
alloy of a ternary systc'in, on the })rineiple of tri- 
Imear eo-ordimites. U])ou this equilateral tri¬ 
angle as a hn.se, the ‘ equilibrium diagram ’ can 
bo erected as u tlirei'-dimensional model, ordi¬ 
nates representing temperature being erected 
upon each jKiint of the area of the triangle. A 
fi'w such equilibrium models ot ternary systems 
have been more or lc8.s completely determined 
(Lead-Tin-Pismuth, G. Uliarpy, Oompt. rend. 
1898, 126, 1569 : 1^. S. Sliepherd, J. Phys. Uhoin. 
1902, 6, 519 ; Lead • (Jailmium • Mercury, E. 
Jaiieeke, Zeitsch. physikal. ('hem. 1901, GO, 399 ; 
Magnesium • Ixmd - 1'in, A von Vegesaok, 
Zeitsch. anorg. ('horn. 1901,54, 367; Aluminium- 
Ofipper Manganese, Rosenhain and Lantsberry, 
Ninth Repoii to the Alloys Research Com¬ 
mittee, l*roc, last. Meeh. Eng. 1910), but the 
field IS still largely unexplored. It is interesting 
to note, however, that very few tri-metallie 
compounds h^vfc yet been discovered 

The microscopic study of metals is always 
carried out by looking at suitably prepared 
surfaces illuminated by reflected liglit ; the thin 
sections employed in petrography cannot be 
; used in the case of metals, as these are too 
' opaq uc for such a purpose. 4’he preparation of 
I n suitable surface for examination by reflected 
i light consists in three distinct processes, viz. the 
^ cutting and grinding of a small flat area, the 
I fine-polishing of this surface in order to remove 
pliysical irregularities, and the treatment of this 
; polished surface in such a manner as to indicate 
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tlie nature the structure of the metal beneath. | 
'I’he cutting uikI grinding jmjcess, in the lirst ' 
l>lnc<s consists in propiinng an area, as nearly 
Hat as ])ossil)le. winch may range in size from a 
ft‘w s<iiuirc millimetres to several sipiani centi- 
imdres but the ditlicull.y of the subsequent 
operations mcreasi's rapidiy with the area to be 
treated, so that it is picferablo to examine 
severid Hinall speciineiis rather than one very 
large one. 'I’he initial rough cutting and 
grinding is followed l»y .some jm)oe.s.s of line 
grinding, generally by the u.s<; ot candull^' 
graded abrasivc.s, each stage reducing tlu“ depth 
of the acratches lett on the surlacc. 

The grinding ojicration is followed by that 
(jf iinc-polishing. 'J’hc juirpo.se of this jm'occss 
ditTers essentially from that of llic onlinary 
polisliing pio(!C8s, the object of wbicli is solely 
the jiroductioii of tlie most brilliant suiface ; in 
must ordinary polishing processes this is largely 
aeoomplished by a species of ‘buimslimg’ 
ae.tion, in whudi tiu'iii is much suifacii flow of 
the metal, the jireviouftly existing scratches 
being largely ' smeared over ’ and tilled up. For 
UM'tallogiajthic juirposcs this action should be 
avoidcil as tar as possdile, siiici' seral.clies or 
lioles thus Inildcn immediately become con¬ 
spicuous under subseijucnt IrcatiiK'iit ((Celling). 

It billows that lor this work Mu* entire processes 
of cutting, minding, and jiolishing, should lie 
conducted as gently as jiossiblc, particularly in 
the ease of tl\^ softer metals. Por jiolisliing 
purposes a uiateiial which acts as an exceedingly 
lino ahrusivi! is indeed more jiroforable to one 
which, though more rapul in action, tends to 
cause How. 'I’ho polishing materials most 
widely u.s«*(l eon.sist ot the oxides of such metals 
as aluiuinium, magnc.sium, and iron, alumina 
being probably tlic best. 

A perfectly poyshed mciallic sjieejuien shows, ; 
under the miiTostaipc, a foatiin'less surface, | 
which will a|)]icar eillier uniformly bright | 
or uniformly dark, according as the lii^Jit j 
falling upon it is or is not icfleeted into the | 
objective of tlie microscope. In order to obtain j 
a sectional view of tlu^ structure of the metal it j 
is necessai v to emjHoy some method of ‘ etching.’ ; 
As a rule, this consists in exposing the specimen j 
to the action of some reagent, .such as or weak | 
acid, which gradually di.ssolvcs the metal. It 
IS iound that this solution m>es not take jilaee 
uniformly over the surlacc ot the metal, and that, 
ill iaot, it difFcreiitiatc.s clearly and consisUmtJy 
the various constituents ot metals and alloys. 
In the case of pure metals and of certain alloys ! 
which consist of a single constituent or phase, 
the etching agent cannot, of ci^urse, act by 
differentiating two or more distinct constituents; 
but m that case a differentiation oecura between 
the different crystals of the »aiuo con.stituent, 
the rate of attack being apparefitly dependent 
upon the orientation of the particular section of 
the crystal exposed to the solvent. Such a 
‘ homogeneous ’ metal consists, in fact, of an 
aggregate of minute crystals which have grown 
together in such a manner that the boundary of 
each crystal is determined not by the natural 
symmetrical surfaces commonly associated with 
the term ‘crystal,’ but by the surfaces of 
mutual interference of adjacent crystals—each 
crystal has grown until checked by meeting its 
neighbour. In section such a structure exhibits 


a network of roughly polygonal areas, and the 
etching reagents emiiloyod in metallography 
attack tlie.se various areas at different rate.s, thu.s 
pituhieing both differences of level and varudics 
ot .sui-faco UiXture winch readily reveal the 
j arrangement of tlie cuiiHtituont crystal^. In the 
ea.sB of alloys jiossossing a duplex or more 
complex structure, although eacli of the con- 
.stituents is still built up of such aggregated 
crystals, the differences of solubility Imtween 
the various constituents are very much greater 
than llio.se between adjacent crystals of the 
same constituent, (’onseqnently the resulting 
.surfac e pattern gcauTally shows all those area.s 
winc h rc'prcscuit sections of cry'^b% uf one of the 
eonsiituc'iits as coinparativc'ly deeply eliHied or 
cioded, whilc5 tho.se corresponding to the other 
constituent nunain jiractically untouched. In 
duplex alloys, therefore, etching reveals the 
distribution o?tlic constituents rather than the 
ciysl-al structure of any of them. 

'I'he .specimens of metal thus pi’epared can bo 
examined by means of almost any good ordinary 
micr<)scope if it i.s provided with certain s|>eeial 
acees,sc)ric‘s, but for the greatest eonvenieneo and 
I for moM' I'oliiied jiurfioses it is desirable to employ 
! ouc' or oilie r of the siuM-ially designed ‘ inetallur- 
I gical ’ mictroscopes. Two general types of Biicli 
I instruments have Ix-eii evolved for this special 
1 purpose, in tins one typo, which is generally 
j u.sed by Rriti.sh workers, the ordinary arrange¬ 
ment c)| the microscope is adhered to, but the 
stage is jirovided witli a focmssing movement, 
while the body-tube is provided with one of the 
devices known as ‘ vertical iliuminalors.’ In 
the most highly specialised instrument of this 
kind (Rosenhain, On an Improved Form of 
Metallurgical Microscope, Journ. R, Mieroscojiieal 
Soc. 11XK>) the body-tube is entirely fixed to the 
limb and all the focussing, both coarse and fine, 
IS done by movements of the stage ; further, 
the illiimmating arrangements are made integral 
with the main lube of the instrument, while in 
other microscopes they are removable and are 
only screwed on at the lower end of the tube. 
The function of the ‘vortical illuminator’ is 
simply that of sending a beam of light down the 
tube of the microscope in such a way as to fall 
upon the back lens of the objective, and then, 
aft<T being concentrated by the objective, to 
fall upon the specimen and to illuminate the 
jiortion of the surface which is uader examina¬ 
tion. Such a vertical illuminator consists 
essentially of a reflector, which may he a thin 
disc of glass or an opaque reflector or a totally 
reflecting prism so placed as to cover one-half or 
less than one-half ol the aperture of the objective. 
The path of the light-rays in both cases is shown 
diagrammatically in Fig. 7. It will be seen that 
under this mode of illumination the light falls 
upon the surface of the spccinien^n a direction 
more or less parallel to the optical axis of the 
microscope, and as this is sometimes placed 
vertically, this mode of illumination has received 
the name of ‘ vortical illumination,’ although 
‘ normal illumination ’ is a more rational term, 
since the light remains normal to the surface of 
the specimen whatever the position of the 
miA‘osco}>e. Under this mode of illumination it 
is evident that flat, bright surfaces will appear 
light, while sloping surfaces, or areas rendered 
rough so as to scatter the light which falls upon 
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them, will appear dork—since the light reflected 
from snch regions will be more or less completely 


thrown outHulo il>e aperture of the objective of 
the mierortcope. With lenses 4)f moderate 
power, whicli leave a o<5rtain anlount of space 
between the Jouh and tlic specimen, the surfaoo 
imd(>r examination may be illuminated directly 
by a beam of light falling obliquely upon the 
siirfaee of the sjiecirnen, in tlie manner indurated 
iti Kig. 8. With such lighting, jilane jjohshed 
I surfaces will app(^ar dark, while 

I those with a suitable slope and 

those? roughened so as to scatter 
the incident light, will appear ! 

J A inojc or less bright; the eonae- | 
Ay/ (juence is that in many respects i 
A/ the image as seen by ‘oblique ' 

'// illumination’ bears to that seen [ 

y by ‘ normal illumination ’ a re- j 

lationship like that of a fihoto- 
^ gra|)hio negative to its positive. ; 

Fiq. 8. Oblique illumination, liowever, ' 
is much more searching, par¬ 
ticularly as regards minute holes and scratches, ! 
while it also tends to reveal the natural colours 
of the various constituents much nujre definitely ' 


ifitude des AUiages, 1901, 421). and its use is 
widely extended in France and Germany. The 
1 observation tube of this instrument is horizontal, 
and directly in line with a tube carrying condens¬ 
ing lenses through which light from a siiitablo 
, source is concentrated upon the specimen. The 
stage of this instrument is a table provided with 
a small hole, and the specimen is placed over 
tliis hole, iioliahed face downwards. The 
, objective <if the microscojio faces upwards 
towards the specimen, and the incoming light 
as well as the rays forming the image, are turned 
off at right angles hy means of two totally 
reflecting iirisms. In its most recent forms this 
instrument presents many ])oiiits (tf great con 
venience, Iml it also posseasi's certain very 
marked limitations and (lisadvantagesfrom which 
the more ordinary typ(‘ of mior>si‘op(‘ is free. 

The obsttrvations of tlic structures of iiudals 
and alloys made by siu-li microscopes are leadily 
recorded by means of phoiograiiliy. If the 
beam of light em|)loy<Hl for illuminating the 
specimens is made sufficiently jmwertul, and 
jiarticularly if the ordinary eyojuece ot tlu? 
microscope is replaced by ime ul the well-known 
‘ jirojection eyeiueces’ now available, the 
imago of the surface uudei- cxaimnation can bo 
])rojee.tod upon a screen, and this imago cun 
be made large enough and bright enough to he 
visible oven to an audience of moderate size. 
Instead of projecting the imago upon a large 
screen it can equally well be foQuased U])Ou the 
ground glass ot a suitably placed camera, and 
there pliotographed in the ordinary manner. 
The manipulation requires some exjienonce and 
skill, jiarticularly wlion very high magnifications 
are attempted, but in principle it does not 
fbffer materially from or<hnary photograpliy. 
except that the microscope with its system of 
lenses is used in place of tin; ordinary camera 
lens. 


than normal bght. On the other hand, its ' 
application is generally limited to magnilica- j 
tions not much greater than 200 diameters, i 
while normal illummatioii is readily employed 
with the highest powers of the microscope. 

The use of the vertical illuminator, whether 
as a permanent or a more or less temporary 
attachment to the microscope, entails a special! 
arrangement of the source of light. Whether 
this be an ordinary lamp or some more or less 
elaborate op*ical system, it must be so placed 
that the light coming from it enters the aperture 
of the illuminator at the desired angle. This 
requires a definite relative position of the source 
of light and the illuminator itself. In any 
ordinary microscope where focussing is done by 
moving the tube of the instrument, the position 
of the illuminator will vary with every adjust¬ 
ment of the focus, and this would entail corre¬ 
sponding re-Udjustmont of the source of light. 
By using a focussing stage and leaving the 
body-tube with the illuminator attached to it 
in a fixed position, this difficulty is overcome, and 
this arrangement is the essential feature of the 
majority of metallurgical microscopes. For 
certain purposes, of course, special provision for 
taking large and heavy specimens, for complete 
rotation of the specimens, and for other spicial 
requirements is desirable and can be obtained. 

The second type of metalliii^cal microscope 
originated with H. le Chatelier (Le Chatelier, 


The typical micro-structures met with in 
metals and alloys may now bo briefly considered. 
We have already indicated that a pure metal is 
an aggregate of minute ery.stals whose sections, 
in the form of irregular, more or less polygonal 
areas, are revealed by etching a polished 
surface. In such metals as cast lead or tin the 
crystals are often very large, and can be seen 
without the aid of the microscope, but in iron 
; and copper they are usually very small and 
i require magnifications ranging from 109 to 400 
diameters to be readily observed. ISeen under' 
normal illumination, the crystals of iron appear 
as illustrated in Fig. 9, Plate 1.; the same field 
! of view seen under oblique light is shown in 
'Fig. 10, Plate 1. The appearance there seen 
‘ arises from the fact that the etched surface of 
I each crystal is covered with a number of minute 
facets all similarly oriented over the whole area 
of the same crystal, but differing in orientation 
from one crystal to the next. Oblique light fall- 
1 mg on a surface thus constituted picks out those 
. areas wlicre the facets are so placed as to reflect 
j the light into tlic microscope, and these areas 
I accordingly appear bright, while others, situated 
unfavourably, appear more or less dark. A 
rotation of the specimen on the stage of the 
microscope alters these relative posi^ons, and 
different crystals appear bright in turn. 

The description of the typical structure of a 
pure metal which has just been given applies 
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equally to the structure of thoSle alleys which tuent Between the crystals of a becomes evident, 
consist either entirely of a definite inter- and as the concentration of b increases the 
metallic compound in a state of purity, or proportion of this dark-etching constituent (the 
of a Iiomogeneous ‘solid solution.’ The term eiitecticlincreases, while the crystals of a become 

' solid solution ’_sometimes called ‘ mixed mere islands. Ultimately, as the concentration 

crystals ’—implies a state of mutual admixture of the point o is reached these islands of a 
or solutmn existing in the 8oli<i state which disuppearcntirely, and the whole field is occuiued 
is as intimate as the condition of liquid by the eutectic. An example of such a oiitocti- 
Bolutions; prohalily the host interiwetation ferous alloy lying midway between the pun* 
of the conception is to regard the crystals of metal and the pure eutectic is shown in Pig. Kl, 
a solid solution as being built up of molecules 1‘Iate T., while the typical structure of a pure 
of both the solvent and the solute in<h.scrinii- eutectic is shown, under much higher magnifies- 
nat>ely. WIktc the two metals are completely tion, in Fig. 14, Plate 1. Jt will he seen that the 
isoniorpltoiis, tliesc crunpoMite crv'stals may he ‘ dark etching ’ oute(*tic is not uniformly etched, 
hnilt lip of two kinds of molecules indiHcriini- but itself exliibits a fluplox strufture, which »s 
iiatclv in any propoition, and wo then have a frequently found in these bodies, altJiongh it 
scncH of alloys consisting of solid solutions only ; is not one of their essential characters. The 
in other cases the number of molecules of the euicctic, as it- crystallises from tlie residual 
solute which can be incorporated in the crystals motlicr-liqiior along the eutectic linos, sucli as 
ol till* solvent IS limited, and in tliat f-asc there ijn. Pig. 4, is rcaily the product of tlie simiil- 
IS a limit to the ‘solid Holubility ’ of the two taneous ciysf.illisatiou of both the constituents, 
metals. While the final condition of a solid and wc thus generally find it with a laminated 
solution IS thus simply that <.»£ an aggri'gatc of structure consisting of alternating layers of the 
homogeneous crystals resenibliinr in aj>j)caraiK‘e two constituents. It was formerly thought 
and i-liara.cter the sfnicture. of a pure mdal, that thcsi* were siiufily inimilc independent 
this final <ondition is not atr once arrived at crystals diqiositod side by side, but later 
iiuring the solidiliration of such au alloy. 'j'h<‘ l•(!scarch has shown that most eutectics orystal- 
i-ciitral part of each individii:il crystal of such lisc m the form of the predominating constituent, 
a solid solution when first formed contains tlic ciystals of the one metal being forced into 
considerably less of ilie solute than the liquid the interstices of tlie other, the whole arrange- 
allov from which it is being dcpo.sifoil, and as ; ment frequently adopting tlie spheruUtic form 
solidification ]uoeeedB tins <ioic of relatively 1 (Ilosenliani and Tucker, l^ead-Tin Alloys, Phil, 
dilute solid solution is surrounded by successive Trans. 1908, A, 80). 

laycis ol more and more concentrated solid Tlic great majority of alloys exhibit in their 
solution. Ideally the concentrations of those micro-structures varieties of the three tyjics 
layers should bo continually equalised by illustrated and described above, but in a certain 
diffusion of the solute from the more concen- numberof cases special structures are mi*! wilh. 
tinted to the loss concentrated regions, but tliis is In the course of metallograjihic investigations 
a slow process, and generally roinains incomplete it is frequently necessary to adopt special 
during the ordinary cooling of au alloy irom methods for determining the exact temperature 
fusion. Samples of alloys consisting of a single at which the sohchfication of a given alloy is 
solid solution when taken from ca.stings which completed. For various reasons it has been 
have not been subjected to prolonged annealing, found that tlic best available method of making 
therefore alw'ays show traces of the original this determination is by a process of quenching 
‘ cores ’ within tlie polyhedral ciystals. An small pieces of fhe alloy from a scries of suitably 
cxam})lo of this kind in the case of cast brass is chosen temporalurcs. Py the micro-structure 
shown in Fig. 11, Plato 1. Wlion f-liis alloy has of the quenched specimen it is then possible to 
been reheated and subjected to such a ])roce8s as determine whether the alloy contained any 
rolling into bars or rods, tlicse ‘ cores ’ arc liquid at the moment of quenching. The 
obUtoraied, and a Iiomogeneous polyhedral rationale of this process lies in the fact that 
structure is then found, sucm as that illustrated while that part of the alloy which was solid at 
in Fig. 12, Plate I. the instant of quenching bad solidified slow'ly, 

We may now consider Ihc micro-structiye | and had, therefore, been allowed to form 
of such an alloy as tliat rcfiresented by the line relatively large crystals, any liquid metal present 
PQ in Fig. 4. In accordance with the nature of when the specimen was suddenly cooled wouhi 
the freezing procc-^s of such an alloy, which has be forced lo solidify very rapidly and would, 
already been described, the microscope shows therefore, form extremely minute ciystals. 
that it consists of two very distinct constituents; Thus in a scries of specimens quenched from 
as a rule one of these, which represents the crys- successively higher temperatures, it is found that 
tals of the pure metal a, retnains practically the resulting specimens show the ordinary 
unaffected by the etching reagent, while the typical and comparatively largc-riCale structure 
other, which represents the eutectic, is more or of the alloy until the quencliing temperature 
less eroded and dai’kcned, Tlie relation between oxcticds a certain limit, but that beyond that 
the tw’o constituents is readily followed if a j point small areas of very minute crystals are 
series of alloys are considered, commencing with . found. It may then he concluded that the 
one very rich in a and gradually increasing the limiting temperature in question is that of the 
concentration of b. At first the micro-structure final solidification of the alloy. The first traces 
closely resembles that of a pure metal, but the ; of ‘ liquid ’ in such specimens appear as minute 
boundaries between adjacent crystals arc seen i dofa or ‘ fusion spots,’ but with slightly liigher 
to be thicker than the lino lines observed in pure ; temperatures the original solid crystals of the al- 
metals. With a very slightly higher concentra-, loyaresecntobcembeddedinamatrixwhiohhad 
f-ion of B the presence of a ^ark-etching consti- obviously been fluid atthe moment of quenching. 
yoL IV.—y. c 
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When such a qiienohing process ia em¬ 
ployed for locating one of the linos of on equili¬ 
brium diagram, it is of great ini}>oi*lanee that the 
exact temperature of tlieHpe( mien at th(‘moment 
of qiiencdiing should be a<*tiirato]y known, and 
that- the '>mall K]>ec.imeii8 should ho protected 
from oxidatioi) as far ns jiossible during tlio 
progress of the expcfiment in order to avoid 
changes of composition and structure. In all 
earlusr investigations quenelung was earned out 
by heating tho specimens in a small furnace, and 
when the (Jesiicd leiniieratnrc. had bi'on attained, 
withdrawing them by means of a rod or wire and 
quickly throwing them into water or oilier 
quenching lliwd. More recently an atqiuratns 
has been devised (Itosenliain, 'I’he Metailurgical 
and Ohernieal jjaboratories in tlie National 
riiysical Jvaboratory, Jonrn. Iron ami Steel Just. 
IbOK, I.) in which the specimen is healed 
electrically while contained in an exhausted tube 
ma<le of fused silica ; when Iheilesircd t^Miifx'ra- 
tnro lias heiui reached, water is admitted into 
tliis exhinisted tube through a wide-boie tap, 
and tile jiowerful stream of water, driven by tlio 
pressure of the atmosphere, quem-lnrs the 
speeinien, and iraiTies it out (*f the lurnaee with 
it; the quenching is thus caiTied out very 
rapidly at an accurately known lemperuture. 
and without any exposure to the atmosphere. 

Apart from the processes of solidilication, a 
great many metals and alloys undiTgo transfor¬ 
mations which are frequently aeeimiiianied by 
thermal plieiioincna shown on the eoolmg-ourves, 
and, as a rule, these traiisfoiinations are aeeoin- 
panied by more or less striking changes in micro- 
structures. In the casi' of jiure metals these 
ehaugea occuinng at tempiTatures below that 
of solidilication are generally rc'gurded as being 
‘ allotropjc '; in the case of alloys, however, 
these transformations or ‘ inversions ' inav arise 
from a variety ol eausi's, such as tlie fonmvtion 
or decomposition of a comixuind, an allotr<quc 
change in ono of the components resulting in the 
rejection of the nthei comjionent from solid 
solution, or the rejeidion fmm solid solution of 
a phase the limit of solubility of whu li has been ' 
reached o-wing to a variation of solid solubility I 
with temperature. 'I’ypical examples of these ' 
and similar changes are met with in such systems 
of alloys as iron-earbon, cojiper-tin, copper-zinc, 
cupper-aluminium, aluminium-zine, and others, 
and some of tnese will lx* referred to in connection 
with the oquiiibrinm diagrams of these systems. 

The equilibrium diagram.! and general 
metallography of some of tlu^ more im])orliuit 
alloys will now be brii-fly described. Among 
alloys forming unintorru])ted serieR of solid 
solutions (type 1. above) perhaps (lie most , 
important arc the iron manganese and tho i 
coppcr-nickej .series, wlnlsf iron niekcland copper- ' 
manganese probably also lioiong to this ty]ie. 
T’he equilibrium diagram of the coppcr-nickcl 
series is given in Fig. 15, the.se alloys being j 
important on account of their electrical uses ' 
(resistance alloys) and also as forming the basis ' 
of such indueiriallv important metals as ‘ Nickel \ 
silver ’ and Monel motal. Oupro-niekol is also ! 
very extensively used in the production of j 
rifle-bullet envelopes. Tho diagram is of the ! 
simplost type, and the micro-structures met j 
with in the alloys are correspondingly simple—in ! 
the oast alloys some core-formation is visible, but 1 


i in the worked materials, such as sheet or wire, com- 
I plcle homogeneity isattainod, the resulting struc¬ 
ture iH'ing very similar to that of brass (.<!ce Fig. 
12, I’Jiite I.), but usually on a more minute scale. 
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i A cliaracterisiic I'xaiiipic (if anotiier type of 
j e(iuilibrium diagram that of tlic alloy.s ol lead 
; and tin, which are important on account of t-hoir 
use as solder, jX'wler, tte., and also betanso they 
’ form the basis of imjiortant ternary and quater- 
I naiy alloys such as certain anti-friction alloys 
i and tyj»e-metal. 'Die diagram given in Fig. Hi 
I (Jtosenhain and 'riickcr, l.,ead-'rin Alhjys, Idnl. 

I 'I’lans. 11)08, A. 80) .shows tlu' typical V sha]>ed 
iapiidus with ii long eut(‘ctic line running up to. 
or ^ ei y neaily iij) to, the tin end of the smaes, but 
stopping some little distance (at about IK p.c. of 
tin) fi(un tlic lead end. I^^u’melly ttm line was 
suppos(‘d to mil u)> to the lead end also, but this 
was an error arising from tlu^ fact that these 
ailoy.s take up their equilibrium condition very 
slowly, so that alloys cooled from fusion in the 
ordinary way show eutectic juactically up to the 
lead end ; this, however, disa]q)cavs on ]irolongod 
healing of the alloys at a temperature, near 170". 
Tielow the sohdu.s llnsdiagiam sliow .s a line indi¬ 
cating an iin ersioii occurring iii the alloys from 
18 t-o 08 p.c. of tin at a temjierature of 150", but 
witli lower tui-coiiieiits the temperature at which 
this eliange occurs falls raiudly. and the inversion 
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cannot be traced at all at concentrations of less 
than 8 p.c. of tin. This inversion is accompanied 
by a partial rejection of tho tin from solid solu¬ 
tion, and involves a change of density. 

As typical of a comparatively simple system 
exhibiting a maximum in the liquidus corre¬ 
sponding to a definite compound, the alloys of 
silicon and magnesium may bo taken (Vogel, 
Zeitsch. anorg. Chem. I90t), 61, 46-53). These 
alloys are of somo importance in the case of 
certain aluminium alloys in which both silicon 
and magnesium are present. The constitu¬ 
tional diagram of these alloys, as far as it is at 
present known, is given in Fig. 17. The liquidus 
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has four I)rauohes: Si-I. eorrcaponding to the 
ct)tnuieiir*(*nifut of the dejxjsitioii of silicon oon- 
iaining hut little niiignesmni in solid solution, 
l.-ll, and Jl.-lll. both corresponding to the 
deposition of crystals of tho compound MgoSi, 
and Ill.-Mg corresponding to the commoncc- 



MU'iit ol iryslidlisatou of magnesium containing 
only a small amount of silicon in solid solution. 
'I'lio dmgruiii further shows tho existence of two 
distinct and wcll-<lclincd outoctics, one cmujiosed 
of silicon and the conijiouiid Mg 2 Si, and the 
other of inagntsnini and the coiii])oilnd. 'Die 
diagram as drawn does not inilic.ate- tlie solubility 
of any of the three jihases in one another, hut 
it IS very prohahle that whcui the system has heca 
more fully studied, distinct ranges ot solubility, j 
resulting m tho tormation of solid solutions, will 
be found. In such a systiMU t lie nucro-structures * 
of the allots coiTCSi>ond very clearly with tlie ; 
indications ol the diagram. 'J’hus the alloys 
corresponding to thi' branch Mg 111. ol the 
liquidus tfhow erysUds of magnesium embedded 
ill tho Mg-Mg«Si eutectic ; those corresjamd- 
ing to the branch Jll.-ll. show crystals of 
Mg,.Si embedded in tho same eutectie, am^ 
correspondingly for tli(‘ two remaining branches. 
Alloys of the exact composition of the comjjoiiiid 
MgolSi or, at least, “xact within IIk; limits of 
solid solubility winch may exist, exhibit the 
structure of a simple honiogeneous crystalline 
aggregate, in this <onnection it is, however, 
interesting to note that inte^i’jetallic com- 
jiounds such as the body Mg^Si are almost 
always exceedingly brittle bodies, even when 
their constituent metals arc soft and ductile, 
(lompounds of copper with such metals as tin 
and aluminium form striking examples of this 
fact, it follows that in those binary alloys 
where a definite intermetalUc compound is 
formed, over a considerable range of composition 
on either side of this compound the alloys are 
usually so brittle that they cannot be used for | 
any technical purjKise ; this removes the greater | 
part of the ranges of most binary systems from ' 


all practical usefulness, and in fact it is found 
that industrially useful alhtys rarely' contain 
! much more than IT) p.e. of Rubstance.s otlii'r than 
tlie predominating metal, 'i'he only real cxirp- 
tions to tills rule are to be found in the alloys of 
zinc with such metals as copper and ahiminium ; 
apparently the addition of zinc can bo pushed 
much further without jirodueing serious brittle¬ 
ness than is the case with any other metal, and 
industrially u.seful alloys containing over 40 p.e. 
of zinc arc well kimwii. 'I’lio alloys of lead and 
till furnish anothm' oxamjile, but in their case 
jn-actical utility d< les not diqiend upon mechanical 
strength : similnrly in certain anti-frictioii or 
bearing met-ids large jiroportaona*.')f added ele¬ 
ments arc sometimes employed, but tliese alloys 
arc. intended to meet s|>cciai reijuircments and a 
roti.siflerable degrt'e of brittleness is permissilile. 

Probably the most, widely used of all non- 
ten oiis alloys arc tho.se of copper and zinc, wliich 
include (he whole series of * brasses,’ although in 
many industrial varictie.s ol brass otlier mi'tal.s 
jiesides cojiiier and zinc arc met with in varying 
[U'oportions. It should ]ierha])s he mentioned 
hen- (hat a considerable (Icgrcc of (-(mlusioii has 
arisen in couni'clion with the terms ‘ brass ’ and 
‘bronze’ wliicli have bivn used very loo.sely 
or even mdiscrimiiiati'iy. 'Die matter lias, 
liowever, been dealt witli by a Noinenclaliiro 
Committee ot tlie Institute of Metals,in whoso 
I Ueport (Journ. In.st. Metals, 11)14, I. 4ri'.'3r)} 

I iliese terms luivc been autliorit,atively defined. 

I ’ .brass,’ used alone, denotes an alloy of zinc and 
copper m which copper preponderates ; ‘ bronze ' 
siimiaily denotes an alloy of tin and co])pir in 
which copp(U' prejionderatoH, while the pre.sonce 
of a third metal in the alloy i.s to ho indicated by 
, a prefix such as ‘ tin-brass ’ or ‘ jihosphor-bronzc.’ 

The e<juilil>rium diagram of the ziuc-copivcr 
alloys, a.s worked out by SlK‘i>lierd {('opper-Zinc 
Alloys, E. S. Shepherd, .1. I’bys. Chem. 1904, 8, 
4 lM), and modified in accordance with tlio 



work of (.'arpenter and Edwards (C'opper-Zinc 
Alloys, H. C3. H. Carpenter and C. A. Edwards, 
Journ. Inst. Metals, v. 11)11), is given m Fig. 18. 
In this diagram each of the six Cft'eok letters 
indicates a definite phase; according to Shep¬ 
herd these are all solid solutions, but it appears 
probable that each of these solid solutions owes 
its separate existence to some definito compound 
associated with it- there is some evidence for 
tho existence of the two compounds (jUjZn and 
Cii 3 Zn 3 . it will not be necessary to discuss the 
whole of this diagram in detail, since the indus¬ 
trially important alloys consist either of pure 
a, or a mixture of a and /3, and in epocial cases of 
either pure ^ or of p with a little y ; in accordance 
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with what has been stated above in general 
terms, the ^ phase is decidedly harder and 
fitronger, but also much more brittle than the 
a phase, while the y phase is very brittle, and 
at the same time weaker than the ^ body. As 
indic'ate(^,by the diagram, alloys corilaiuing up to 
37 p.c. of zinc, when solidifiod and in equilibrium, 
consist of the pure a phase; this is a ductile 
body whose characterislK .s eloHcly resemble those 
of copjier its('ll, hut with incri'asing zmivoiintont 
the strength ineie!ts<‘s while tlie duetility di¬ 
minishes sliglitly. 'I'iie luKTo stnieturc of these 
alloys closely resembles tlint of eojijier; in the 
east state they consist of the usual aggregate of 
roughly jmlygoiial erystals, similar to those 
illustrated in h’lg. 11, Plate J.; as these alloys, 
however, consist of solnl solutions ol t onsiderabh' 
coneentration, they show a stiojig (eiHlemy 
towards the torniation ol dendritic ‘(ores/ .is 
deserilied above. In biass as ordinarily cast 
this struelure is very jirnmiiient, and l<“Mds to 
obliterate the ordinary jtolygonal struetuie so 
far as to suggest, to the ohsiaver, at J'irst siaht, 
that he is dialing vuth a truly iluplex alloy 
Annealing, however, entirely removes this 
appearaiKSi from the miero-sti'U( tiiri\ and Ic.ivi's 
the alloys perfectly liomogencous; li the 
annealing has b(*en accompaiiual by or asso( lated 
with mechanical work, the disa.i*pearaiice ol (1 m- 
‘cores’ is aecompanic^d b\ tlie formation of 
numberless ‘twinned’ cr\^lals which iiidic.itc 
their presence ou the micro sections i>y tiic 
apjiearancc of crystals wit h rectilinear edges and 
crossed, by one or more parallel bands showing a 
distinct orientation, ns shown in l''ig. 13, Plate f. 
’J’hesc structurop, it may bo added, are al.so 
characteristic of the a liody mot with in other 
alloys of copper, kucIi as those with tin, alumi¬ 
nium, manganese, (fee., although in each class 
of alloys the range of existence of the a jihase 
may be widely iliffen'fit- thus in tin- eopper- 
aluniinium series the range ot the pun- a phase 
is only slightly over 7 p.c. 

Jt will be seen that in the equiliiimim diagiam 
of tlie copper-zinc senes the region of the jnire 
a phase is hounded on the riglit by tlio curved 
line hjb’j: immiMbateiy to the right of this line 
lies the region in which th(^ alloys consist ot a 
mixture of thu a and ^ phases. If we consider 
the cooling from lusion of an alloy containing, 
for instance, lU ii.c. of ziu<', we see that it will 
begin to iJobdity at a teinperatun^ ol about 
{(15°, depositing a cry.stuls until the tempera- 
turn of the lino i.s re.uhcd at about 880°. 
At that temp(!rature the remaining liquid 
solidities in the form of ^ crystaJs, wliieli fill up 
the interstices between llie previously dejiosited 
a crystals; if quere hed from a tcunperature 
just below this line, sudi an alloy is found to 
exhibit the duplex structure of u aud ^ thus 
indicated. ''On further cooling, howTver, tlie 
alloy crosses the line bj/.^ and passes from the 
region of mixed a and ^ into that of pure a. 
If time enough is allow’ed to permit of the 
establishment of full equilibrium, the whole of 
the ^ present in the alloy will bo transformed 
into a and the alloy will become homogeneous in 
accordance with the indications of the diagram ; 
with most ordinary rates of cooling, however, 
this transformation is not completed, and the 
alloy retains some of its original jS m that condi¬ 
tion, remaining in what is known as * meta¬ 


stable equilibrium.’ In such a case the tendency 
for the phase to undergo transformation is 
always present, but it is held permanently in 
check by the internal resistance of the metal to 
such rearrangements—this resistance being very 
eou,sid(;rable at low temperatures, but diminish¬ 
ing rapidly when tlie temperature is raised. All 
inctala and alloys in which a transformation or 
‘ inversion ’ of any kind has been prevented by 
rapid {or insufficiently slow') cooling, are thus 
III a nicia-stable stati*, and the altaiiinieiit of 
staf)l(^ cquilibrniiu only requires a raising of the 
tempeiature. Alloys wliich have been quenched 
are usually intentionally thrown into a meta- 
stjihle conditKjn. In the present' ease it follows 
that the rale of enolmg, in the first instance, or 
th(^ siibs('<nient apjilieation ol heat, as in 
annealing, will make a M-iy ;."eat. difference to 
the elinracter of the alloy and to oil its physical 
aud iiieelianieal jiropc-rtles, since in the meta- 
stable state the relatively hard, strong, hut 
biiille body i.s ]jresent. wliile in the annealed 
state- this body is absent. 

To tlie right of tin- line we liave tirst the 
region of a and /i, and then, to the light, of the 
line b^h^, lb(- region ol puK- jS, while beyond that 
again IS llie n-gmn ol -f-y. 'I'lie indu.sf rially 
inipoibint Muntz metal, eontaiiuiig about 00 ji e. 
rop))»u- and -10 p.c. zinc, lies ni tlie region of 
and accordingly atwav-. exJiiliits a very 
delimte duplex slrueliiro winch is not reinov(‘d 
by annealing, in tins respect diffcnng liom a 
typical brass such as that usc(l for condenser 
tuiies, winch contains 70 i).c. copjier and 30 p.c. 
zinc, and thercdon' lies in the region of jiure a. 
Study of the cuives of the diaguiin will at om-e 
show that tlie alloys containing the body 
during cooling uiiclergo a decomposition on 
liassing tlirougli the temperature of the line 
b^h^ ol e,r^ res|)(aq.ively, breaking up from ]uire 
ft into a plus ft or ft 2 >lus y re.spe<-tively. 'rhesc 
<leeonij)ositioiis an; al.so readily jircvented by 
gonu-Avliat ra])id cooling, so that the final state 
of the alloys deiienils a good deal iqion the raU^ 
at wliieli they Jiave been allowed to cool from 
fusion or from subseqin-nt heating. 

yoriie roferenee is leqiiired to the horizonlul 
line m this diagram, running from p to Q through 
j the entire ri'gion of fhe alloys in which the 
ft plias(' oeeurs. J’hi.s line ropresents a scries of 
heat-evolutions, wbieh, originally observed by 
Koiierts-Austen (Roberts-Austcii, h’ourth Re- 
,port to the Alloys J-tesearch Committee of the 
Inst. Mech. Eng. 18!(7, 31-100), have been 
rcdotiyj'mined by Carpenter and Edwards (H. C. 
H. (!arpenter and (!. A. Edwards, Joum. Inst. 
^Metals, V. 1011), The nature of the change 
' indicated by those arrest-points is not quite 
clearly established; the authors just named 
suggest the interpretation that at this tempera- 
; tuie the ft phase undergoes decomposition into 
: a and y, and they quote some microscopical and 
: mechanical evidence in .support of view. 
There arc, however, serious difficulties in the 
way of this explanation, and the writer prefers 
to regard the change, for the present, as a 
transformation in the ft phase, and this view has 
been confirmed by the work of Hudson on 
i vanadium-brass (Hudson, Journ. Inst. Metals, 
I 1014, 1); the critical points in question, 
' however, appear to be of some importance in the 
! thermal treatment of brass. 
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Before leaving tlir metallogj’aphy of the particles. It has, further, been shown that the 
zinc-copper alloys the effect of lieat-treatmoiit jirescnoe of 2 p.c. of lead may be an advantage 
on the micro-structure of these metals must be m condenser tubes from the point of view of 
mentioned. It has been shown that even resistance to corrosion ({Second Report to the 
at the ordinary temperature the crystals of ; Corrosion Coinimttoe of the Institute of Metals, 
brass which have previously iinderg»)nc H(n<“re Journ. Inst. Metals, 1913, ii. 13-118).* Lead is 
mechanical distortion undergo a gradual re- also intentionally added to brass when 8j)ecially 
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Innly <.)i graduiilly ijicicasuiK HtreiigtU and 
iiardriOBB ub the j)ri*poitn)ii nf tlu“ added element 
iH inei'(“aH('d; there ih, Lowover, a marked 
difTerenee between the tliree eeriea us regards 
tlie relative influence of various jjrojxutionK of 
the added element- the concentration of the 
point eorresponding to in Fig. 19 being in the 
■//mc-copper HCTK's appioMinately 70 p.c. of 
copper, 'rjiis may be (ixpu'ssed by saying that 
th(^ efVc(di of 7 or 8 p c. of tin is equivalent to 
that of JIO j».c. of zinc. It is interesting to note 
that this relatively feeble action of zme is met 
M'ith in utlH'f alloys of llus metal. 

Alloys still belonging to the grouj) ri'preRenteil 
l>y the line Aft but eontaining more than about 
H ji.e. of tin, do not solidify comiiletely until 
they reach the lempc'ratnre of the lino fqhii 
(just below 800'), and at that temjiorature the 
remaining Inpiid sohdilies jn the form of the 
fi coiistitnent. in the field the alloys 

thus consist of a nuxtiae ol the tuo jiluisiis 
a and fi, but d (hey are e<iol(Hl snllieiently .slowly, 


the )9 body disappears entirely. In the case of 
alloys lying between 92 and 87 ji.c. of copjier, the 
cooling alloy crosses the lino which is 

exactly analogous to the corresponding line 
of the znic coppor diagram ; on crossing this 
line the /3 body <hsappears and the alloys again 
consist entirely of a. Since in these as lu all 
, similar alloys, thi5 body is much more brittlo 
than the a, this transformation has a powerful 
liflcct on Ibe uieehameal projierties of the alloys. 
A still more imjiorlant change takes place m the 
alloys eontaining rather less than 87 ji.e. ot 
<'oj)pei ; in these, along the line the /? body 
IS trausturnied into the 5 phase, and this phase is 
considerably hanlor and very much moi-e brittlo 
than the fj [ihaso. When these alloys are 
slowly cooled in the ordinary course, the.se 
j transiorinations occur only to a innited extent, 
I and liic ri'.sulting structure shows a mixture of 
trunsformeil and unchanged constituents, while 
the mechanical piopcil ies are also intermediate, 
by quenching the alloys coiitaming less than 



87 p.e. of copper from a temperuture. just above 
the lino however, the ^ -§ change can 

bo entirely i^reveiited, very much to the advan¬ 
tage of the strength and ductility of the alloys. 

Tiii-coppcr alloys to winch other metals or 
metalloids have been atlded include a number of 
important ‘ special bronzes,’ many of which ari! 
known under trade names. Among the spemai 
bronzes, the class of alloys known as ‘ phosphor 
bronze ’ are perhaps the most important. The 
addition of phosphorus to copper-tin alloys j.s 
usually madb in the form of eitlier phosphor- 
copjier or phosphor-tin alloys previously pi-e- 
pared. The quantity of phosphorus introduced 
varies according to the purpose for which the 
alloy is intended. Ju a great many leases the 
object of adding the phosphorus is simply to free 
the metal from oxide of tin, which is apt to 
ot;cuT in ordinary bronze in the form of small 
angular crystals the jiresence of which reduee's the 
strength and ductility of the alloy. Phosphorus 
thus added merely as a de-oxidising ag6nt passes 
almost completely into the slag, and mere traces 


arc found in the |•csulting ‘ phosjihoi- bronze.’ 
in othoj' cases it is desiied to retain a certain 
amount of jihosiiliorus, probably in tlie form of 
Ijie hard and brittle compound CujP in the 
resulting alloy, m order to increase its hairiness 
: and to give it the special priiperties desired in a 
bearing motal—properties wliieh are obtained by 
alloys consisting of crystaksof a hard brittle con¬ 
stituent embedded in a soft and comparatively 
plastic matrix'. The constitution of the copper-tin 
phosjihorua a^loy8 has been studied to some ex¬ 
tent, but the reader must refer to the original paper 
of Hudson and LawfHudson and Law, A Contri¬ 
bution to the Study of Phosphor-Bronze, Joum. 
lust. Metals, lii. 1910, 1, lOl) for further details. 

'I’ho alloys of copper with aluminium (ahami- 
nium bronzes) can only be very briefly considered 
here. 'J’he equilibrium diagram, as given by 
Carpenter and Edwards (Carpenter and Edwards, 
Eighth Report to the Alloys Research Committee 
of the lust. Mech. Eng. 1906), is reproduced in 
Fig. 20. Again, industrially useful alloys are 
only found near the extreme ends of the series, 
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but 111 Ihis case the light alloys of aluminium 
containing U(> to 12 jkc. of copper are of import¬ 
ance, as well as the heavy alloys rich in cop}>or , 
(89 p.c. copper and over). The remarkable 
pr«>})crtics of these alloys and of others dircM-.tly 
derived from them have hwn closely studied 
(Oarpentor and Edwards, Eighth Report to 
the Alloys Research Comnutiec of the lust. 
Met-h. Eng. lOOh ; Kosenhain and Lantsbevry, 
Ninth Report to the Alloys Research t!ouiimtteo 
of tlie Inst. Mech. Eng. 1910). Fumi the pi>int 
of view of constitution and imcro-structurc, the 
e<i])per-aiuimnium scries is clost'ly related to 
the ct>pper-zinc and coppcr-tni senes. Near the. 
copper end of the series wc liavo again an 
a body consisting of a sohd solution ot alumi¬ 
nium HI cujj])er and gradually increasing in 
strength and liardncss with increasing content 
of aluimmuin, but with the iin])oriant difliTeucc 
that the degiec of combined strength and duc¬ 
tility obtainable by tlioaidof aluniiiniiiu is mucli 
greater Ilian that found m either ot the two other 
series iiameil. An additional property of very 
groat value is the high lesistance of tlioso alloys 
to corioMou. In the copper-ulumiimim scries we 
again have a j'i body, which is hard and eonipara- 
lively brittle, while great bnttlom’ss, ii'udering 
tlio alloys mdu.striaily useless, appears with the 
occiiiTenec of the third piiase ol the senes. 

The imcro-.strneturos of all the eo))|) 0 i alloys 
which have been ilescrihed above aic very 
similar. Those alloys winch consist of the 
a constituent alone show a structure closely 
rosembling that of puic co]i])er, already illus- i 
traU'd m tlio case of biass in Figs. 11 and 12, 
[Mate 1. Where the H jiliase i.s present, etching 
usually doi's not |•oveal the crystal boundaries of , 
the a phase at all, the ^ constituent being ; 
mm-cly darkened and eroded. A typical example ' 
Irom the a]umuuum-copi>er senes is given in | 
h’lg. 21, Plate 11. It should be remomln'rod that I 
the scah; of this micro-structure will depend, in i 
.viiy given alloy, upon tlic heat treatment wligih j 
the metal has received; prolonged healing, [ 
('>ipecia!ly at high temjiorutures, produces a j 
coarse structure, ami thi.s coarsening of tlio i 
micro-stiucture is aci-.oinpaniod by a flegradation i 
ot the meehaiiieal projwrties. i 

'rho alloys of aluminium have acquired a ; 
coiisidAablo degree ot im|^ortanco which later | 
ilcvelopmonts tend to increase. Only a few 
of the most iinportaiit ones can be discussed , 
iH're. 'I’iie alloys of aluminiutn witli copper hi^vc ; 
alieady been mentioned; tlieir constitution is 
represented by the right-hand side of the 
diagram of Eig. 20. It has been found that 
aiuiumium posBebae.s a small, but not definitely ! 
ascertained power of dissolving copper in the 
solid state; at concentrations above 5 p.c., 
however, the copper forma a euljiectio aQoy with 
aluminium, the copper being present in this 
eutectic in the form of the definite compound 
OuAlj, which—like almost all inter-metallic 
compounds—is a hard and briHle body. Alloys 
of aluminium containing as much as 3 and 4 p.c. 
of copper contain small quantities of this eutectic, 
and as a consequence they are harder and 
stronger, but also far less ductile than 
aluminium. When the copper content exceeds 
4 p.c. the degree of brittleness becomes too great 
for many purposes, and the alloys can no longer 
be rolled into bars or sheets, even when hot. 


The alloys of aluminium with mauganoso 
have not been studied sufticieutly for the con¬ 
struction of a complcU' equilibrium diagram, 
but suflicient is known of their coiistituUou to 
state that in the alloys near the ahimuuum cud 
of the scries, manganese is present in the iunu 
of the hard, brittle com^iouud AT;,Mu, and 
additions of more than 2 ji.c. appear to be in¬ 
jurious. Alloys coiitamiug from 30 to Of) p.c. 
of manganese have the curious property of dis- 
mtegratmg spontaneously ; a cast ingot of such 
an alloy, whilst hard and sound when first 
’ soUdilied, breaks down spimtaiioously into a line 
; crystalline powder, in some cases in the course of 
a tew hours. 'I’his jirocoss is not accompanied 
by any considerable oxidation, fi-nd apiioars to 
bo the result of a polymorphic change of the 
conijivniud Al;,Mii. Similar sjioutaiieous ibs- 
inii'gratjon occurs in certain other alloys of 
aluminium, ii tally those of iron, but in certain 
easiis this change is jiermanciiUy nihifiitod if 
an mgot ot the alloy is forged or otherwise 
, worloid soon after casting. Corloiu other, more 
, ctimplox, alloys of aluminium exhibit a process 
; Ilf spoutanooiis cliango leading to gradual 
, weakomug in the course of several years, so that 
, ahniiiiiium alloys should only bo employed after 
: a l arcdul study of the pro 2 >ertio 8 ot the particular 
j combination in question. As regards many of 
I the better-known alloys of alumliuum, suoh as 
' thosti with copper, cojiper-manganese, and zinc, 

! this study has already bi^en carried out, so that 
reliance can be placed on these materials. 

The structure and constitution of ternary 
alloys of alumimum with both copper and 
manganese has been studied (Rosonhaui and 
Laiitsbcrry, Ninth Uojiort to the Alloys Research 
Committee of the Inst. Mccii. Eng. 1910), but 
tlic matter cannot bo dealt with liere. An 
interesting devolujmiont from the alloys of this 
grouj) is reiirescntod by the material known as 
‘ Duralumin,' a patented alloy of aluiniruum with 
copjier, manganese, and a small amount (about 
4 p.c.) ol magnesium. Treated in tho ordinary 
manner this alloy is very similar in properties 
to the siinido aluminium-copper alloys, but after 
heating to a dofimte tempurature lying in the 
neighbourhood of 400® tho alloy undergoes an 
ageing process occupying 8-10 hours, in the 
cfmrse of winch it increases nearly 100 p.c. m 
strength and hardness without a oorrespondmg 
loss of ductility. The metailografhio explana¬ 
tion of this phenomenon has not, as yet, been 
arrived at. 

'rho alloys of alummiuiu with zme, and 
derivatives of these alloys, have received 
much attention (Ilosenham and Archbutt, 
Aluminium-Zmc Alloys, v. supm). 'L’he equi¬ 
librium diagram of tho aluminium-zino senes 
is given m Fig. 22. Owing to the fact that 
zinc is soluble in solid alummiuuf up to a con¬ 
siderable concentration (exceeding 40 p.o.) a 
considerable range of these alloys is industrially 
useful, and even the more brittle members of 
this series may be of practical utility as casting 
I alloys on apoount of their comparative lightness 
and cheapness. 'J’ho liquidus curve of tho 
alutninium-ziuc series is given by the line abod 
; (I'iig. 22). Along AB a solid solution of zino in 
. alumiiiiuDi begins to crystallise; up to about 
' 40 p.c. of zino the solidification is completed in 
this form (the y pfi^se) along the ovirved 
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solidus aO^. The break in the liquidus at b, ; graphy of the iron-carbon series will be de- 
liowcver, indicates that beyond this point the j scribed from the standpoint of the so-callcd 
liquid alloys deposit a new jihase (^), which is ' ‘ allotrojnc theory,’ which is now almost uni- 
jirobably the defmito compound along vcrsally accepted, l)ut it is desirable to mention 

the line b/> 2 &i this compound is formed by a the fact tliat somewhat divergent views are 
reaction Ijiotwceii the solid y phase already lield in 8 i>ine quarters; these divergences, 
present and the residual liquid ; since the solid ; however, affect only the interpretation and 
crystals become encased in slieaths of the not the actual facts of iron and steel metallo- 
compound, the completion of this rca<;tion is i graphy. 

very slow, and in fact only taUes place TIk' cqiiililuiuni diagram of the iron-carbon 
when the alloys are annealed for several liours | scries, somcwliat modified from that originally 
at a t<‘ni]M*raturc just below that of the lino b 6 ,. drawn uj) by Roo/.eboom (Roberts-Austen, Fifth 
At the point the alloy possesses the composi- ■ Report to the Alhns Research (.lommittee of the 
tion of the compound, and tlu^ wliole <d' the solid lust. Mc'cli. JCng. ; RoozoRkuh, Zoit.scli. 

solution reacts with the whole of the residual I jiliysikal. Chem. 1000, 34, 437 ; trocrens, 
liijuid to form the compmind ; to the right of ' I’irstarrungs uiid ICrkattimgsvorgauge bei Eiaon- 
^2 there 18 an excess of the original solid solution, Kohlenstoillegieningen Halle, 1007: (.'arjienter 
and this foims an unbroken si'ries of solid solu- j and Keeling, Journ. Iron and }^t<!cl Inst 1004, 1) 
tioiis with the compound— i.c. the conijiound and | is shown in Fig. 23. It should be remarked at 
aluminium arc mutually soluble /,i ail jirojmr- i once, however, tiiat tins diagram nquesents 
tions. 'J'o the left of the jioint there is an i what is not m reality a diagram of coiiiplotcly 
tsxce.SH of liijuid, and this aolidific.s as the eutectic [ stable coadif ions ; tlio stable equihbiia are 
of zinc and the compound along the line i indicated by the dotted hno.s iii the diagiain, and 
'I’he compound (ft) is, how’i'^ei, again dei;om- ' will bo dealt with later, but the ineta-.stable 
l>osed'- tliroughout the eniue range of 
its existence, even in tlie state of solid ?ou 
solution ' on reaching the temperature of 
the lino EFG (25()‘^), W'hen it brealcs up 
into its eonslituenls, viz. the a and y coo 
jihasos, which arc simply saturated .solid 
solutions of aluminium in zinc and rue 
verttd. An interesting feature of tins 5 r " 
decomposition, however, is that tlie two 
products aiTunge thcmsclvoK in the form 
of lino lamina; closely resembling the 
typical struetun; of a t'UteeUe alloy, but 
on a mueli smaller scale. 'J’lus jda;- 
uomeuon presents a striking analogy to 
the formation of ‘}x;ar]i 1 e' in steel [r. 

and is of iiiiportane-e because of 
its rarity. How far this dceonqiosition 
occurs in tho.se alloyM of iu(*.st irulus- 
trial importams' (\iz. those coiitairiing 
less than 30 p.(;. of zinc) is not 3 'ot 
definitely known, but it is jmibable 
that the phenomena in question ufteet 
the behaviour of tbe.'-ic alloys on heating and equiJibiui icpresential by the full lines occur 
cooling. 'vitk such jier.sistcnco, especially in the alloys 

Iron and Steel, 'i'ho iroii-earbon system is, ; contui.img less than 2 p.c. of carbon, that they 
from the mctallograjihic point of view', one oi ! arc of greater intonyt and importanoc than the 
the most complex groujis of alh-ys ; although a conditions of true stability, which arc met with 
range of only 6 or (» p.e. of carixm-content is , m practice only in the case of cast iron and pig 
to be studied, since alloys richer in carbon cannot i iipns geneiall\'. 

at present be prepareci, and altLougli probablj' i The liquidus curve of the iron-carbon alloys, 
a larger amount of investigation has been | vvitliiii the limits open to investigation, consists 
expended on these alloys than on any other ; of two branches, au and Be, the former repre- 
systom, it cannot bo .said that their metallo- | sonting the coninicneement of solidification of a 
graphy is as well under.st<>od as that of such : solid solution of carbon or of iron carbide in 
alloys as copper-zinc oi-copper-tin. The reason | iron ; tlie branch «c as drawn in Fig. 23 repre- 
probably lies in the dilliclilty of studying the scnls the solidifiBation of carbide of iron (or 
constitution di these alloys at high temperatuics j ‘ ccmcntite’). ' This branch of the curve 
—difliciilties which are due to tlic rapidity , pnibably tends to a definite maximum at a con- 
with which they undergo oxidation at high , (‘ontration i-oiresponding to the formula Fe^t!, 
temperatures, and the rapidity with wdiicli many but this [loition of the eurvi* cannot be pursued 
of them undergo transformations on cooling u]> to tlial jioinl, jiriiicipally bt-causc with these 
through certain temjieratures. Quenching sucli high c.oneentration.s of carbon the stable system, 
alloys fails to maintain them entirely in the con- 1111 which iron carbide or ccmentite has no place, 
dition which it is desired to study, and a senes of tends to predonunatc, and the liquidus curve 
complex transition products uie accordingly , bocoinca that representing the sejiaration of 
met w ith, which vary in character according to grajihitc according to the dotted line b'c'. Along 
tlie exact eireuinslaiices, and have consequently the line ^jBCj the eutectic of the solid solution 
giveu rise to much controversj’. The metallo- (ajj) and of comciitito (c) separates, whde the 
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curved eolidus hue a&j represents the completion 
of solidification of the ciloya contaming up to 
2'2 p.c. of carbon. The position of this line has 
been determined by Gutowsky by moans of 



UM)9, (>, r>12k < 111(1 li- IS of considorabU! jircUdK a! 
iiiipojLaiico since it indicaios a Hii])eiior linut 
above which sloe) may not he heated without 
pennauont injury ciuo to * himnng'—sto(‘l 
which has Ixmui heatiHl to tlie i>oiiit of mci]uent 
fusion (i.e. above (he litu! a/ij) appears to be 
]>ermanoiitly spoilt in such a way .is to be unlit 
lor any use except ic niching It may lie 
<ul(J('d that even at consulerahly lower tenijicra- 
tures steel may he londenid weak and brittle, 
but if the injury has not gone too far the 
quality of the metal can be restored by suitable 
treatment 

To understand the lowtn jiorlioii of the 
diagram ol Fig. 211, he. the poition comprising 
the lines i>E, K^j, Po, and hkj, w'e must first 
consider the transformations undergone by jmre 
iron ill cooling fi;oni a tetupcratiiie above tHK)® 
down to tile ordinary temperature, d’ho 
cooling-curve of electrolytic iron nearly free 
from inipunties is sliown m Fig 24. At or n^ar 
the tempRr<ature of !H)0'’ there is the first 
arrest-point in tlie cooling-curve; then (.he 
cooling proceeds f, 
regularly (lovvn to 
a temperature of 
750® (point p in Fig. 1400 ° 

23), where there is 
a second arrest - j 
point which Rom(^- 1200 *! 
times exhibits a ' 
double peak; if 
even a trace of car- 
bon is present there i 
IS a third very ,1 
slight arrest-point ^ j 
at or about 70((®, i 
and after that the 
iron cools normally. 

The interpretation 
to be jilaced on 
these arrest-points 
id that at the tcun- 
peratures in ques¬ 
tion the iron undergoes a transformation or 
rearrangement of its constituent atoms, which 
liberates a considerable quantity of latent heat, 
thus producing the arrest of cooling. These 
transformations or atomic roarrangeaicats are 
analogous to similar phenomena observed in 
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such elements as fulphur, selenium, &c., and 
are described as ‘ allotropic ’ transformations.' 
In the case of iron, the form which is stable—m 
, pure iron—at temperatures above 900® is called 
y iron, and the arrest-point which indicates the 
transformation of y iron is called Arj^on cooling 
and Acj on heating (Osmond, .Tourn. Iron and 
Steel Inst. 1890, 1), The form of iron which 
exist-8 between this arrest-ponit and the next 
(Acj-Acy) is called ^ iron, while the form which 
cxis(.s below Arj, down to the ordinary tempera¬ 
ture, IS (;alled a iron. No marked difference in 
crystalline form has as yet been demonstrated 
between the three allotropic modifications of 
iron, hut the point A(% coiiicidee Mutb the 
disajijiearance of niagneti(^ jiernieabiliiy on heat¬ 
ing and Ar 2 with its re-apj)oarance on cooling, so 
that ^ and y iron are generally regarded as being 
non-maguetic. It has also been shown that the 
tr.uisition of fiearlv puic iron from the n into 
the ji form is accompanied by a alight but 
definite increase in hardneas and tensile strength, 
while a strongly-marked and sudden increase in 
strengtli occurs when the non jmsses into the 
y state (Rosenhain and liumfrey, ThcCTvstallino 
Structure of Iron at High TcmperaturcH, Proc. 
Hoy. Soc. 1910; Roaenliain and Iluinfroy, 
•lourn. lr(m&. Steel lust. 1913, i. 219-271), and 
il. is also known that the allotropic transforma¬ 
tions are accompanied by sudden changes in 
volume. It further follows from the equilibrium 
diagram of Pig, 23 that while y iron can hold 
carbon or carbuh^ of iron in solid solution to a 
considerable extent, both j3 and a non have little 
or no power of dissolving carbon or carbide of 
’ iron. 

The area ajje^^j, of the diagram of Fig. 23 
thus repre.sents a region m which the alloys 
consist of a solid solution of carbon or more 
probably carbide of iron in y iron. On cooling, 
tins solid solution beliaves very much like a 
liquid solution of two metals; along the line 
no crystals of ji iron are dfjposited, leaving the 
solid solution richer in carbon; along the line 
UE this ju'oeess is continued except that the 
crystals w hi<;li sejiarale arc now a iron; along 
the hue e5j, on the other hand, crystals of 
cemontite (carbide of iron) arc deposited, leaving 
the residual solid solution poorer in carbon than 
it previously had been. It wo follow the cooling 
of a steed containing from 0 to about 0*45 p.c. 
carbon, we find it passing lirst^through the 
i line DO, and then commencing to deposit 
crystals of j6 iron; these crystals increase in 
quantity until the lino fo is crossed, when the 
whole ol the ji iron is transformed into a iron, 
and the quantity of this a iron now continues 
to increase, the carbon becoming more and more 
concentrated in the n'sidiial solid solution. This 
concentration continues in such a way that at 
any instant if a horizontal line b<f drawn repre¬ 
senting the temjietaturo of the alloy, then the 
, abscissa of the point whore this line crosses the 
' line DGE indicat(‘S tln^ concentration of the rcsi- 
' dual solid solution. Accoiilingly, when the 
steel has reached the temperature of the line 
HEJ, th(“ residua! solid solution has at the same 
time rcaclK'd both the eoncent,ration and the 
teliperalurc of tlie point k. This point, and, 
i indeed, (he whole lino iiEJ, corresponds closely 
to the eulcetic line of a simple system of eutecti- 
feroua alloy, such as the line ns of Fig. 4. At 
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tli« temperature of the Jiiie jiej tlic remajiiing • so far as it is known in iiiiero-iscctioiis, has 
y iron of the residual solid solution undergoes ^ rocoived the name of ‘austenite.’ Jn the case 
transformation into a iron, and rejects th<' of certain .alloy steels containing considerable 
carbide which it held in solution njt to that proportions ot siieh elements as inekel or 
temi>eraturo; the result is that tlu^ residual inangancse, tins austenite solid solution remains 
solid solution breaks up into two phases, viz. stable down lo the ordinary temperature, or 
tt iron ancl ceraentite, giving nso to a regular may be. letained by moderate quenching. In 
laminated eutectic-liko structure, which is pure carbon steels it is never preserved un¬ 
called a ‘ outcotoid.’ The miero-constitumit ehangod by <jm‘m lung, but it has Ijeen ub- 
eorrespoudiiig to this decoinposilion is cttllccl servedhyetchmgsteelsuifaeesatatemperature 
‘ pearlito,’from the pearly a])peanince which its of ovci 1100° by means of hydrogen chloride 
laminated character gives it under certain condi- acting in an atmiKsjdierc of hydrogen (IlaykolT, 
tion.s of illumination. 'J'ho a iron, on the other itevue de Metalhngie, lOiO). In quenched 
hand, which lias previously separated, is known earboo stools, austenite is only met witli if the 
micrograpliioally as ‘feirite,’ since it is pracii- eaibon eontciit is over I ji e., the quenching 
ually }>iire ironf The microscfipical appearance tempeiatuie ovei lt)00''. and the qiK'Uelmig a 
ot pure ferrite has already been jlliiatiatcd in vigoiousone JCven tlun theuuMmiiteisalway.s 
t’igs. 0 and 10, Plato 1. ; Pig. 2r). Plate Jl. shows aeeomp.inied by some of the transition piodmHs 
the struotuie «)f a veiy niiUl steel, containing whieli an- inti'fhK'dMte betwc-mi the unaileied 
about O'lr* p.c. carbon and consifiiiig ol haute solid solution (austenite) an<l the normal (iual 
(liglit) and poarhtu (dark). I'hg 20, Pl.ile 11. . (kaiouiposiliou pi(i<luet, iieailiU'. Among these 
shows the ‘ eiiteetoid ’ stiiiitiire ol j)ea,ilite inoie ; l.iMiisilion juodiicts, tluee delmite stagi's me 
highly magnified. obsericd. The liist of these, is tliii eonstitueut 

Alloys lying betvvi'en the conecntrations of ; known as ‘ martensite.' Tins always accom- 
poiiits E (0-!f p.c. and /y, (2 p.c. (J) undergo ; panics uu.stemte m severely queiuhed carbon 
a somewhat similar senes of changes, but I steels, and appeals in (lie bum oJ . 1 -tgged areas 
hero it is ceraentite winch sepaiates out at i showing a imnute sti'ucturo ot line interlacing 
all temperatures below the line Efq, while tin' iioedh's or lamina', gmieially crossing at angles 
residual solid solution is loweicd in carbon ; approaching An e.xample of the austeiuto- 
coiiient until the temperature of the hue e.i. and martensite,all uctuie of scveieiy quenched carlion 
tlic concentration of the ]Kiint k arc again simul- j steels is shown in h’lg. 27. I’late IT. In the ease 
taneously reaeln'd. 'I’lu' alloys oi this group ^ ol steels of lower earhou content, this constituent, 
accordingly consist, when slowly cooled, of mmtensitc, may ujijjcai entirely w'ithoul auste- 
crystals of eemcntite cmlicdded in tl\e outeetoi<l uite, an<i it may oieup> tlie eiitiio urea of the 
pearlito. H)t<-< imen, A photogiapii ol atyjueal martensite 

Alloys lying to the right of the point /q, so , structure is sliow n m J''ig. 28, Plate II. This con- 
far as they follow the equilibria of the cementile ' stituent is the harde.st body met with in carbon 
system at all, consist, immediately below the steels ; it is distinctly harder than austenite, but 
lino b/i,, of crystals of the solid solution of ' wdiilc austi'iiite ap|K'ars to be, non-magnetie, mar- 
cemenf i(e in y iion embedded in a true eutectic ! teusiie is <listim:11y magiioiie, juid it is, m fact, 
of ('cmentito and solid solution. The subsequent this ctuistitiient to wliieli the larg<' coeKUve force 
behaviour of thes(! alloys is siuiilai < n rtiat of the ot liariiened steel is due. Tlie natuie nf martensite 
groiij) just previously deseiibed, the solid solu- ha*s been much dj.scussed, but a rational view 
lion behaves e.xaetly hki* tliat of an alloy having ! appears lo be that tlu; acieular structure arises 
ihe conoentratioii the additional eementite i from a (lailial dct^omjiositioii (tf the austenite 
remaining unchanged throughout. Alter slow i along the cleavage planes of its crystals, the 
cooling through the line tsj these alloys eimsist I whole pioeess, howevei, bi'ing comjiiicaled by 
ol two kinds of eementite, VIZ. that derived from ! the ehunge.s in volume whieli accompany the 
the original I'uteetie sohdilieation ami that i allotuqm; traiislormations of iron, 
deposited by the solid solution during cooling, 1 'J’iii' y ii'on of au.stomte tends, on Pooling, 
the latter being embed(h?d m pi^arlilo. | to uudeigo transtorination into a iron, in the 

The eonstjtution of tlie iron-earbon alloys at' course ot tins tiaiisfonuation the iron probably 
high tenuxTutures, as indicated by Die I'quih- , ]>assos through the condition, even when the 
brium diagram, is of spi'cial inqiorlanee, tnving i comiiositioii ol the steel is such that the ^ iron 
to the wide use in thi' arts and industr'cs nf (be i would have no laiige of stable existence during 
process of hardening steel liy quenching. It has | slow' eoolmg. As there is some evidence to show 
already been explained that the efl^et oi that ^ iron is harder than u iron, the view has 
quenching is to inhibit the occurrence of those • been widely held Dial tin; hardness of martensite, 
changes which take place m the metal in the | i.r. of hardcjuMl steel, is due to the I'ctontion 
course of normally slow cooling ; tins inlnbition in it of a coiisidaiable quantity of mota-stahle, 
may be mori^or leas comjilete according to the hard ^ iron. !rhe difhculty of accounting for 
vigour of the quencJiing process employed. A Dio magnetic properties of hardened steel on this 
very rapid cooling, as by quenching in water or ; theory was met by the hypothesis that the non- 
even in iced brine, prevents the transformations ' magnetic pioperties of j8 iron above Ac^ are the 
more completely than more modoratc rates of | result, n<it of any inherent non-magnetic quality 
cooling caused by plunging the hot steel into of iron, but arise from a large temperature- 
oil or mercury (Beneflick.a, Joum. Iron and iSteel coelhcient of magnetic properties in this form 
Inst, 1908, ii. 152). ; ot iron—so that, retained forcibly down to the 

The iron-carbon alloys in the region AOOC^i I ordinary temiierature, jS iron might prove to bo 
of the diagram eonsUt, as has already been j sufticicntly magnetic to account for the relatively 
stated, of a homogeneous solid solution of , low permeability met with in hardened steel, 
carbide of iron in y iron. This solid solution, As simpler explanatioiis have been put forward, 
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however, tin* ‘ fi iron ’ tlieory of hardeniu? in hardness of either kind is oitrcnic it is liable to 
steel has lost ground very uunsidorably in recent undergo alight changes even at the ordinary _ 
years. temperature (‘ageing’). Finally, it may be' 

I'ho simplest and most logical explanation pointed out that the magnetic pro[;ertieH o{ 
of the phenomena of Uard(‘ning in quenched ; hardened stool are readily accounted for by the 
sti!(d 18 based on what lias come to be known as ‘ ‘ amorphous ’ theory ; the nuclear crystals of 
the ‘ amorphous theory ’ of metals. This ' a iron are the seat of permeability afld ‘ reinan- 
thcory is baaed on the hyiiothesis, first put once,’ wlule the high coercive force or magnetii- 
forward by Beilby (Hedby, numerous papei*8; j liardncBs is due to the fact that, the magnclic 
■'<ce The Hard and‘Soft State in Solids, Faraday ' atoms (or molecules) of a iron lie tightly cm- 
Soe. June, 1904, and same title, -loiirn. Inst, i beddial in the hard and unyielding amorphous 
Metals, 1911,21 vi.|) that metals, whde ordinarily ; cement wlucli hinders re-arrangement of any 
cry.stallim;. may und«‘r (M'rtiim i^ondition.s exist Kind, whether under the action <)f ineehamcal 
m a non-crystailine oj‘ amorjilnms state m wliich forces (hardness) <*r under the action of magnetic 
their properties n'si'mhle tliose of hard, brittle forces (‘coercivity’). 

vitreous bodies siicli as glass or fused silica, j hlvi'ii if wi- may regard Uhe ainorph<*UB 
(Fora full statement of Ihe theory, M^Uosenhuin, | llu'ory as adequately I'Vplaimug the phenomenon 
Metals, (Irystalline-aiid Amorplious, Kngiiicenng, j of liardeiiing lu (juenened steel, other factors 
Sept, inilf.) Such nmoiplious metal never | midoubtedly play an important part. Thus, 
exists Ill considerable masses, init is formed as i the volnnie-ijianges wliicb are. knouii to aoe<im- 
tlie result of nicehani(al disiurbanee of ciyslal- ' pany the transtormatioiis of iron from the 
line arrangoiiient (str below) or reinams as a, ! y to tlie a slate produce i>owerful internal 
very tlun re.suliial layer where adjacent growing j stresses in (pumelieil steel, which frequently 
crystals meet, aiding—m the latter emse—as an ' h’ail to distressing failures in the shap<“ i>f 
mter-oiystallnie eemeiit holding the erystals j ' hardmiing eiaeks’ or, in less si'Verc cases, to 
together. The stiengtb and hardness of this ! distortion. These mlernal stresses may play a 
eomeritmg layer ai^eouuts toi tlu; laet that in , part in the haideimig process, although this 
jmre metals the eiystal jniietions are stionger j jiart is jiioliahly eordiiied to faeilitatiiig the 
than the crystals themselves, so that the metal , iiroduction letentnm of amorjihous metal, 
becomes stioiigm ,md hauler tlu^ greater tlu' ' 'L'hus CarjieiiLer and Fdwurds (('arpentcr and 
number of junctions, the smallei the scale of i li^dwarde, 'I’lie ilaulemng of Metals, Journ. Iron 
the crystal stnietuie. In tin; extnnne ease, ; and Steel lust, 1914, i. Fiy-191) ascribe tlio 
where the crysUlsthemselvi^saie little more than I hardness of quenched steel to the pesence of 
incipient nuclei, we should have the maximum | amorphous iron, hut consider that this is formed 
amount of |unction area and—-a(a;oidnig to the | as tlu^ result ot mechanical deformation by 
amorphous theory—the largc.st umoimi of hard, rnultijile twinning (m- below) of which they 
amorphous m(;t.al, so that tlic metal woukl believe that the micru-structurc of martoneitc 
attain its lua.ximum haidncss in that condition, boars evidem-e. MctJanco (A. McC’anco, The 
Now this is jireeisely the condilion which ma y be Theory of iiarderiing, Journ. Imn and Steel Inst, 
expected to arise during the quenching of steel. | 1914, 'i. 192-295) goes still further and ascribes 
The transformation Irom y lion to a non takes I the hardness of stwl, without udercnco to 
jilace, during sioiv cooling, by the development [amorphous metal, to a state of ‘inter-strain’ 
of a number of small a crystals whudi g^-ow ; sel nji within tlie matmial by quenching, 
larger and absoi h more and more of the y non. I ll- is further evident that carbon must jilay a 
When cooling becomes very rapid, however, ! vitally important jiart in the whole phenomena 
there is no time for the growth of these aory.stal8, i of liardening since tluiy ilo not occur to any very 
and in these (riroumstances a very much largei I conaidmablo extent in the absence of that 
number of a nuclei w'oultl conn' into existcni'c, j olemcnt. 

but eadi would remain little more than a i Clarbon is said to act as a species of ‘ brake ' 
nuciewB, surrounded by its layer of amorphous ■ on the allotropic transformations, and the nrturo 
oeriient. The fullest hardness would thus be of its action may bo understood when it is cun- 
attained if the rate ot cooling and other con' j sidered tliat the transformation^of pure iron 
ditions were such that the w'hol(! volume of the from one allotrojiic form to another merely 
steel was (inally occiijiied by tlieso minute or involves a rearrangement of the atoms within 
incipient a crystals merely sejmrated from one the crystal. While the y iron contains dissolved 
another by hlms of ainorjilious metal. In any carbide of iron, however, the allotropio change 
actual case, however, the size of the develojied of the iron inv'olves the expulsion of the carbide 
a crystals, and the number of nuclei formed, from solution, and, for completion, its rejection 
would vary even ui dillercut parts of a single from the crystals of iron. This rejection 
original y cry.stal, thus giviiif^ruse to the acioiilar , involves a transfer of tlic carbide molecules 
structure of martensite, v lncli is undoubtedly I acro.ss distances which are very large compared 
related to the crystalline planes <if the austenite | with molecular dimensions, ami it is not difficult 
from wliich it is derived. On this theory, the j to und(!rst»md that such a transfer occupies 
hardness of quenched steel is ascribed to the ' time, and that it is, therefore, more or less 
presence in it of a relatively large amount of ixcadily inhibited by the action of quenching, 
amorphous metal, thus correlating the hardness In the case of martensite the rejection of the 
obtained by quenching with the hardness jiro- carbide from its state of eolution in the y iron 
ducod by plastic deformation (‘ cold w’ork ’) of the austenite has only just begun, and the 
and with the hardness of such substances as i*irhid(' juobably exists in a separated form 
glass. It is interesting to note that both quench- only on the cleavage jdanes of the original 
hardened and work-hardened metals are softened ' y iron crystals. When the rate of cooling has 
by tempering and annealing, and that when ! been somewhat slower, however, the ttjection 
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of the carbide^ as well as the ailotropic trans¬ 
formation of the iron itself, are allowed to go 
somewhat further, and as a result a further 
transition product is found in the micro- 
sections. Inis is the dark-etcliing body known 
as ‘ troostile,’ founil in oil-hardened steels, and 
particularly in those quenched at the tempera¬ 
ture of the thermal transformation. Jn this 
constituent thi; rejection of the caibido ih 
practically conijilcte, but the carbide is in a 
state of extremely line division, according to 
some views, indeed, in a state of ‘ colloidal 
solution’ or suspeiiHion in the non (Heiiedieks, 
Journ. Iron and Steel Inst ii. J152, and 

1908, ii. 217). Jn troostite it apjicars jirobablo 
that while eoino y iron is still present and a 
considerable amount of luiril amoiphoiis non is 


The first class of the special steels are those 
containing relatively small proportions of 
the added elements ; these possess a simple 
structure of ferrite and jiearlite, very similar to 
that of juirc carbon steels, although differing 
1 in minor details; their mechanical properties 
' are frequently markedly superior, and notably 
I tliosc containing nickel, chromium, and vaiia- 
; diurn arc finding much technical application. 
I'lic great value of the nickel and nickel-chrome 
' stools of this type lies in the fact that by heat- 
treatment, such as quenching in oil from such 
a temjieraturc us 820'‘(^ followed by tempering 
at or near OOO'^X'. they attain excellent physical 
i ])ro}KTtic,s which cammt be obtained in carbon 
' steels. This is ]iarlly due to the action of 
nickel and clirotniuni in not only lowering the 


present as cement surrounding the minute 
a crystals, yet these crystals have had time to 
grow to a certain cxlcnt, witli fhk re.sult that 
steel containing troiislito is distinctly softer 
than that consisting entirely of marUmsito. 
When the quenching or tempering is so ad | listed 
that the whole of tlic y iron has just disappeared, 
fho proportion of troostite woulil attain its 
maximum, this being the state of lenipcrcd steel 
called ‘ osnionditc,’ by Ileyn (Ileyn and Bauer, 
.Fourn. Iron and Inst. 1900, i. 100). Burtlier 
tempering, or still slower cooling, leads to the 
appearance of a furihiu transition produofr, 
which is not veiy sharply difTcrentiaWd from 
troostite on the one Imnd, and from pcaihte 
on the other. This is known as ‘ sorbite.’ Here 
almost the. wliolo of ilio iron has readied the 
a stage, and the caibidc has begun to segregate 
into mosses which are at first too laiiiub- to hi' 
seen under lb<‘ microseojx'; but with further 
tempering, or less vigorous cooling, the segrega¬ 
tion of the carbide reaches the launt w'licro it 
can be resolved under the micro.scojie into 
granular or laminated pearlite. Steel containing 
Horbitc is not really hard in the ordinary sense, 
although it possesses distinctly greater hardness 
and tensile strength than the same steel in the 
poarlitic state. Kail and other comjiarativdy 
low-carbon steel is sometimes so treated as to 
render the carbonaceous constituent sorbitic, 
and in this condition the steel exhibits ajiecially 
valuable physical properties. 

The hardening of steel may he .summarised 
metallographieally as follows; 

Fully hardened steel- 

I austenite martcii.site. 


Moderately hardened 1 
or slightly teni]»ere<l/ 

Tcniiiercd steel 

Sliglitly hardened orl 
niiieh Umixiored J 


Martensite-troostite. 

_ I Troostite with eithei 
martensite or sorbite. 

Sorbite. 


A largo ancl increasingly important class of 
alloys are 1ho.so produced by the aildition of 
various metals, such as nickel, chrominm, 
manganese, and the rare metals such as vana¬ 
dium, tungsten, molybdenum, and others, to iron 
and to certain grades of steel The metallo¬ 
graphy of those steels is, however, so complex 
that it cannot be described here. Broad^ 
speaking, thesi' ‘ special ’ steels may be divided 
into four largo classes, tho class to which any 
jiarticular steel lielongs lioing dependent upon 
the total xiruportion of ailo}'cd elements present. 


I critical points of the sU-cl, but in retarding the 
i rate at which the steel undergoes its trails- 
j formations. TJiis makes it possible to ‘ quench ’ 
j satisfactorily with less lisk of fracture and to 
! obfaiii good results fium heat-treatment even 
in large masses of steel winch can never be made 
j to cool very rapidly. The second class of the 
! alloy steels show a strur.tui'e icsi'iribling that of 
j martensite ; they are hard and practically uii- 
! workable, hut their existence is utilised m certain 
special cases, as in tho jiroduction of case- 
hardened obicets w'dhoui (juenchirig in the 
j comenlaiion of certain grades of nickel steel. 

! 'I’he third clas.s of alloy stoi Is are those containing 
! sfill larger projiortioiis of alloyed elements, as, 
■for cxani|ilc, a nickel steel containing about 
j 25 [1 <•. of nickel. ’J’liey cxliibit a simpJe poly- 
; hrib'al simeturi', whicli is that of austenite, but 
; in tins case tlio solid solution contains the alloyed 
I elements as w'cll a.s tin* y iron and carbon. I’hose 
; steels are noii-magnctie, and posse,ss remarkable 
: inechaiucal jirojierties, notably a high degi-oo of 
■ ductility combined with great tensile strength. 

In some cases, liowcver, tlicy jiossessthe peculiar 
I ])io]X‘rty of being converted into steels of the 
I jircvious class (marttmsitic) by mechanical work ; 

I such a steel, when first cut by a saw, for instance, 
I is quite soft, but it rapidly hardens under the 
i tool, until it can no longer bo cut at all. This 
I property is. however, confined to steels lying 
i near the border-line of the two classes. A 
fiirtiier increa.se in the proportion of the alloyed 
elements brings the into the fourth class, 

! in which the presence of a carbide of the alloyed 
; clement can be detected in the micro-structure. 

I For most gonoi'ftl purposes such steels are useless, 
i but certain of them are extremely valuable for 
j ii.se as high-speed cutting tools. 'This highly im- 
J porlant type of alloy steels cannot, however, be 
! discussed in detail here. It can only be men- 
1 tioned that while in ordinary carbon steels tho 
1 temiieraturo required for tempering, and there- 
I fore softening the btocl is as low as 400®, these 
j special steels can be made to withstand tempera- 
! tnres as high as a dull red heat without losing 
their hardness; tlioy are thereby enabled to 
I inabitain their cutting edge at speeds which 
’ render the tools almost red Iiot. The manner in 
1 winch tlie presence of the alloyed elements effects 
' this liehaviour can be approximately understood 
I w'lien it is mentioned that tho critical points of 
, an ordinary carbon stool are to some extent 
' displaccil, according to the temperature to 
, wliich flic sUiei has last been heated. The 
' iiresenco of an alloyed element not only itself 
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displaces the normal position of the critical | 
points—in the case of nickel steels, for example, | 
extending the range of stable existence of y iron ; 
down to the ordinary temperature—but the i 
alloyed element also increases the extent to j 
which tho critical points can be displaced by 
heat treatment. In the case of high-speed tool 
steels it is found that by lieating the steel to a ! 
temperature of or higlior (a white heat), ! 

and allowing it to coiil in a current of air, tho i 
critical point on next heating is raised to so high ' 
a teni}>erature tliat a dull red-heat does not, 
affect the ‘ temjier ’ of tlie steel. S 

The micro-Hlructur<‘ of .ste'cl has so far beeii i 
described as the re.sult of citliev ‘ normally slow 
cooling’ or of quenching. For the steels eon-! 
taunug higher proportions of carbon tins elassi-! 
iieation is )>ractieaily sulheiont, but hir the elas-s j 
of ‘ mild ’ steels containing up to P-70 p.c. of , 
(nirbon tht! effects of qiientlimg need scarcely be 
considered, except in the case ol the ‘ sorbitic, ’ | 
steel mentioned above. On the ulher Jiand. lor | 
these .steels the teuiiieiatui’e and duration ol | 
annealing, and tlu' application ol work by j 
rolling, pre.ssnig, or lorging is of vital iin]ii>rtine<', i 
both to the miiao-sti net ore .iikI to the inechameal' 
bcdiavioiir of tlm mateual. Met.a.llogra])liic ] 
methods liavc* eleared u}) the greater part of tliis > 
lick], hut only geneiul results eaii he mentioned. 
'riiUH it m.iy bo taken as a fundamental iact that 
coarse and well-defined rmcro-structures imply 
undesirable mechanical jirojiertics, especially as 
regards behaviour to shock, ■while a line, close 
structure offers tlie best piospeet of good 
quality in the metal. It i.s. however, a universal , 
tendency of cry.stals forming an aggregate such 
as iron or steel, to grow ; ? c. ci'i'tain of tho 
constituiait crystaks of the aggregate tend to ; 
mcrease in sizi* at. the expense of their neigh- 
h(iur.s. In tliy case of sncli comparatively , 
‘ refractory ' metals a.s iron or steel, this growtli 
of ciystals IS ml, Ol i-xeeedmgly slow at ordinary 
t(‘m))eratuieB, although in the case of jead 
(Ewing and Rosenhaiii, The Crystalline StnicIme 
of Metals, siicond iiajHT, I'hil. I’rans. A, PXHl) 
and brass i-** t4nillet, Alliages Metalliqiies, 
ch. X.), Nuchgrowtli takes jilace measurably even 
without the application of heat. When iron or 
steel is heated, however, tho tendency fcA’ crystal 
grow'tli rajiidly asserts itgelf, and, indeed, it is 
to this process of growth, or of ‘ re-crystallisa- 
tioii,’ that we owe the power ol annealing or 
softeming metal whicli has bi'cn rendered J^ard 
and brittle by the a)>[)lieation of cold worlt. In 
the case of steel, when the temperature of the 
upper critical point is passed (on heating) tlie 
transformation occurs at a number of centres 
■W'hich behave as centres of crystaUisation, and a 
new system of crystals begins to grow from each i 
of these centres, although to some extent the 
new set of crystals tends to follow the outlines 
of those previously in existence. With rising 
temperature the rate of crystal growth increases, 
and the ultimate size of structure attained is thus 
a function of both tho time of heating and of 
tho temperature attained. When steel which 
has been thus heated ia allowed to cool .slowly, 
although there is -a distinct tendency for re- , 
arrangement to occur on passing through the ; 
critical points, yet the coarse structure is very 
apt to persist, and if the heating has been canied 
too far we have a coarse, weak structure typical 


SOI 

of ‘ overlicated ’ steel. To some extent this 
coarse structure may be removed by heating the 
steel for some time to a temperature just above 
the upper critical point, and then cooling it some¬ 
what rapidly through tho critical point down to 
the ordinary toiniieratuve. A m^re effective 
method, however, consists in exposing the steel 
to hot working (rolling, forging, &.o.). This 
process deforms tho existing crystals in a manner 
dcseriheil below, and these deformed crystals 
are unstable, t.e. crystal grow'th starts afresh 
in tlicm, and can no longer follow the previous 
outlines ; the result is an entirely new and raiH-h 
more minute system of crystals. Tho exact 
analogue of this jirocess lias been watched, in tho 
ease of Jead, taking piaeo at the ordinary 
teuqx'ratun*. 

For th(f mere removal of llio Iiardening 
<dli*c(.s of ‘ (!old work’ annealing temperatures 
between (*()(♦''(' and are frequently used, 

jiarticuhirly as tlu'se aii^ found to leave the steel 
softer than liigher annealing temperatures. 
The use of these temiieratures, however, entails 
serious disadvantages. The very soft slate of 
the steel when thus annealed i.s due to a very 
low (‘lastic limit which- m very low carbon 
steels a]>pro\imatc's to that of unm^h'd pure 
non. The reason is that aiinealmg in the tem- 
p(“rat lire range just Inflow thc' critical point, Ac, 
lias 1hoeffc(!t of allowing the lamellaiof eementito 
wdncli exist in tlu* pcailite to separate and to 
form small granules or globules, which—on 
prolonged annealing—coalesce into larger glob¬ 
ules. In this form, divorced from its former 
close union with tho ferrite, tlie eementito can 
no longer exert its stiffening ami strengthening 
effect on tln^ siirioumling lerntc, and the steel is 
reduced to the state of iron in which globules 
of eementito are uselessly embedded. Such 
over-softeiK'd steel can, liowever, readily be 
brougiit into a very satisfactory eimdition by 
‘normalising’ it, i.c. heating to followed 

by cooling in air. 

Another class of phenomenon sometimes 
occurs in viny mild steel wlicn annealed at these 
h)W' temjieratnrea after mechanical deformation 
(■(Slid woik’). This IS known as ‘grain 
growth ’ (xff' SauviMir, Note on tho CVystallino 
(ji'owtli of Ferrite? below its 'J’hermal Critical 
Range. I’loc. of llie International Ass. forTest- 
mg Mat(Tials, Sixth Congress, 1912, ii.; Chappell, 
Journ, Iron and Steel Inst 4914, i. 490; 
Rosenhain and Hanson, (Journ Iron and Steel 
Inst. Ibis, i. J13). It consists in a very rapid 
development <if large, coarse fornte crystals. 
This rlevelopment occurs most freely in ferrite 
tree from all carbon, as it exists in pure ir<m or in 
steel containing bttlo or no earbon. Even in 
steels eoiitaninig as much as 0*3 p.c. of carbon, 
however, bands or ‘ ghosts ’ arc often found in 
which no carbon is jiresent, aiuVin these grain- 
growdh of a dangerous kind may occur. Here 
also the evil can bo eoni])Ietoly cured by 
normalising at OOO'^t!. 

Cast iron, Pig Iron. The equilibrium diagram 
and (constitution of iron-carbon alloys has bo far 
been discussed only in reference to alloys con¬ 
taining less than 2 p.c. of carbon, and usually 
Ihiown under the name of ‘steel’ The alloys 
richer in carbon must now be dealt with ; these 
are met with industrially in the shape of a large 
variety of cast and pig irons, but it must be 
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rememl)ere<l that while the bett-er kinris of steel 
consist csHf*ritialJy nf alnufst jnin* iron-cnrbon 
alloys, the east and pig irons geucrally contain 
very considerable jnoportions of impurities, 
suon as silicon, sulphur, phosphorus, A'c. In 
addition, a«-la!'go number of these higher-carbon 
alloys differ essentially from steel by containing 
carbon in the form of gra))hitc. 'Phe equilibrium 
diagram of the iron-carbon syslf'in given in Fig. 
23 reju'csonts, as has already been mentioned, 
what 18 in reality a meta stable condition of the 
iron-carbon Kysleni; if siifficuMit time at a .suit¬ 
able tiMnjieiature be allowed it is jirobable that 
carbide of iron would (h-compose comjiletcly 
into iron and g^ajihilc. A|*pai(“htly it is also 
possible tea* fn-c carbon (grajihite) to soi)aiute 
UH primary crystals from tli<* rnolti'ii iron-carbon 
alloys containing over'1'3 p.i'. of carbon. Jf it 
is true as sc(*ms ]>robable that in the licpnd 
alloys the carbon is dissolved in the form of 
only slightly dissociated carbide, llicn m these 
high-carbon alloys the carbide (cenieiitite) in 
certain conditions, and notahly in the ]ucs(‘nce I 
<jf silicon and in tli(‘ absence of maiigaiK'.'JC, is { 
liable to undergo decomposition at a tcnij)eiiilure | 
near that of incipient solidilication, one oi the j 
]irodijetH of decomposition being graphite, which ( 
tliiis apjJCHrs as a solid phasi' in the shajie of ' 
irystals separating from the Iniuid. The ' 
equilibrium diagram of tins uUiinutety stable \ 
system (J'lg. 23, dotted lines) thus coiilain.s the 
liquiduH branch corresponding to tlie siqiaiation 
of the y ii'(ju solid solution, but this is earned 
to a eutectic point differing slightly Iroin the 
y iron'CCiiientile eutectic, and corresponding to 
a y iron-graphite eutectic ; below the 1cm])cra- 
ture of tins eutectic the alloys arc c(»m])lctcly 
solid, an<l to the left of the ciit<‘( ti<'-jM)int 
(II) consist (*l'y iron cmliedded m tin* irraphito 
eutectic, while to the right of tlu^ })ojn( F they 
should consist of })rimai-y grajilnte crystals 
embedded in the eutectic ; owing to the low 
density of the graphite, however, this substume 
docs not remain emU'dded in tlic liquid mclal 
from which it is sejiarated, but floats lo the 
surface in llio form ot ‘ Kish.’ On fuithcr cooling 
the iKibaviour tlicse alloys should theoreticsIly 
lead to the complete dccomjmsition of all the 
cementite, ineluding that contained in the j 
y iron solid solution, but the exact circumstan<-.es 
111 which such doconiposition occurs arc not 
fully ascertained. Tho lower part of the doited- 
line diagram of Fig. 23 has not, tlu'ccfore, been 
tilled in. 

In practice certain vaiictios of cast and pig 
iron tend to follow the sysUmi of soUditication 
just indicated, but they rarely, if ever, do so 
completely; whilst, if the rate of cooling is rapid, 
and especially if the iron contains little silicon 
and muoh niaii^anese, the dcnoniposition of the 
cementite is more or less completely previmted, 
and the iron cools with the formation of little 
or no graphite, forming what is known as ‘ white 
iron ’; iron which eontains much graphite 
and little cementite is known as ‘grey,’ whilst i 
intermediate varieties arti known as * mottled.' 

Microscopically, all varieties of iron may, m 
aocordanco with tho above, bo regarded 
mixtures of steel with a certain amount of 
graphite. The ‘ sU'el' portion will have the 
charaoteriatic structure of an iron-carbon alloy 
whose carbon content corresponds to the amount 


I (if ‘ (■(imbiiieil' earbiin, i.e. nf iinilornrapnaed 
cemcntiti', j>resent in the iron. ’I'Ihi.s an jr**n 
containing, for instam-c, O'i) p.c. of »-oinbin(‘(l 
' carbon, logi-tlii'r wilh 3 ]>.c. ot gniphite (total 
I carbon 3T) pc.), will sliow a structure of fernte 
and pcarhlc corresponding to that of a 0*5 p.o. 

' carbon sicc), together with a considerable 
i aniifunt of gra]>hitc. A typical example of the 
: mi<'ro-stnicture of a ‘ grey ’ iron of this type is 
' shown in Fig. 2!), Flatc II., but the presence of 
; impurities, particularly of pho.sphorus, very 
' malcnally affects the a])p(‘arance of such micro- 
; striu tiiics, since the phosphorus forims, with the 
j iron, a detinito cnmpfmnd l''c;il‘, and tins coin- 
j ]K>und forin.s with the non a wc)!-dctincd and 
I (liaiactcnstu; culeclic, winch may be mistaken 
for pi'arlite under tlic nnciMscopc. Thus jiho.s- 
' plndc cntcttic can, liowi'ver, be r wiily distin- 
j ginshed tiom jx'iirliU' by e\j)osing the Kpoeiiiiou 
I to a iiiiKlerati* ilegrec* ot lieat wliieli (causes a 
j sliglit Huitacc oxuiatnui, and in coiisoipicnoo a 
' differential tinting ot the various eoiistitiients. 

Jncreasuig 1oi.al earlioiMiontinil, with con¬ 
stant amount of eombnied earhoii, ineiely 
causes an incrcnsc lu the amount ot gra- 
phitc I'mind in tlic mn ro sections; an in¬ 
crease in tlif' [irojMU’tion of (onilniied carbon, 
liowevcr, causes the ‘ sU'd portion of tlie 
non to move up the c.uboii-hcalc, first pro¬ 
ducing an increase of tin* aniount- of pearliti', 
and hnally the ajipcaranci* of eemeutitc in place 
of fmritc. In tlu' ease of ‘ wbiti* ’ irons jiroduced 
by chilling high-caibon cast iron, tlic graphite 
disappcais entirely, and the resulting micro- 
j siriieturo consists eiitnely of cementite and 
' peailitc. together with th(! < oiistjUicnts duo to 
: impurities. As regard.s nushann al [tropcrtics, 
it IS obviou.s that the iiro.sence of jilatos of 
graphite, tleslroymg tlie continuity of the 
‘steel’ matrix, hugely i educes •the sliength of 
' the material as compared with a steel of C(|ual 
i Combined tarbon; on the other hand, tin* iron 
j will'be ‘ soft' or ‘ liard,' aeiawding to the micro- 
|stiiietiire of the. ‘steer matrix, an mm con- 
I taming liTiite and pcarhU* will he much softer 
! anil less liriltle than an iron containing cementite 
and ficarlite. These latter constituents are 
rc.s])onsd>le for the great hardueaa of ‘ chill ’ 
lion eastings. 

Foi certain purpiaes eastings are troa.tcd in 
siu-li a maimer as to be deprived of their graphite 
content more or less completely bv a process 
knl^vn as the jnoduction of ‘ malleiible ’ castings. 
This proce.s.H consists in heating or annealing the 
eastings for a considerable time, generally while 
packed in an oxidising material, such as iron 
oxide. 'J’o a considerable extent decarbiirisation 
occurs, while much of tho combined carbon is 
deposited in the form of a very finely divided 
graphite known* as ‘ temper carbon.’ The 
softening effect of the process depends partly 
u})on the actual removal of carbon by oxidation 
and partly upon the effect produced by prolonged 
heating upon tho arrangement of the graphite 
which remain.s m the metal. While in ordinary 
castings it is iiresent in the form of plates and 
veins, m ‘ malleable ’ castings it is found in 
small nodules and jiatches which do not affect 
the strength and ductility of the material to 
anything like so groat an extent. 

A converse process, for producing surface 
hardness in ariiclcs mad© of iron or mild steel 
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ia that known as ‘ case hardening.’ In this j 
process the iron or steel is heated for a consider- ; 
able time in contact with rjirbonaceoiiH matter, ' 
])reforabl>’ also containing nitrogenous matter, j 
'J’im iron takes uj) carbon and forms a hard ; 
ext-crnal layer rich in carbim, which, therefore, ' 
has the power of being hardened by quenching. ; 
]\Iicro-seetions of case-hardened articles readily 
show the d<*pth and nature of the hard ‘ case,’ 
and the structure of the underlying softer and 
tougher material. 

Deformation, fracture, and fatigue in metals. 

Microscopic metallography has lUiule it pos-sible 
to determine the mechanism by which metals 
undergo ]>lastio deformation, and incidimtally to 
explain the modi' of Inioture under tension, 
shock, and ‘ fatigue.’ It lias already heen 
indicated that when a ])iec‘c of imdal is forccid 
to change its shape, as by hammering, rolling, 
pressing. See., the (otn ponent crywf als of the metal 
also undergo a corres])onding ehange of shape, 
although subsequently if the temperature is 
high enmigli to permit of Nullieieiit mulecular 
mobility in tlic particular iiu'tal in question, the 
erysl-als t<*nd to rearrange flu'mselvcs into more 
normally shaped torms. It a liar of metal 
he forcibly stretehed, the (‘onsiituent crystals 
will*be found to lie stretched also. Thus cold- 
roiled ji'on sliovis the strnetiiK' illustrateil iii , 
t'lg. !h). T*lat(' IJ , where the Imrite crystals arc | 
somi to be lentuml.ir in sicluui m place of the I 
normal polyliediMl sha]>e. '['lie manner in vvIik h I 
metallic t rystals undeigo sueli elianges oi shajie j 
lii'cmnes evident it a sijtfaet' of a sjieciinon of ! 
metal is jirepaved tor mici<>S('(]])ie examination 1 
polislied) Ix'foie tlie piece of metal is sub- I 
jnctod to the ehange of sha]>e. The crystals 
which, before deformation, apjieared as jiraeti- 
(•ally featureless ])olygonal areas, after the 
application of thj strain, arc seen to he cross- 
hatehed by systems of tine lines. In the case 
of highly jiUistic metals, such as lead or copper, 
the lines are seen to 1 k^ eharactcristK ally stiaigfit 
and regular, wdiih' in the harder metals, sncli as 
iron, the liiU'S apjicar more or less branched 
and curved. It has been possible, liow’evcr, 
to obs(!r\«' tlm formation of these lines in iron 
at high temperatures (up to 1100^) (Jvosenham 
and Vlinnfrey, The (Crystalline Strneture ol Iron 
at High* Temficratures, i’roc. Hoy. 8oe, ItHO), 
and in those circumstances ^hey arc as straight i 
and regular as those of cop]i('i. The typical | 
a)>peai’a.ni‘o of these lines is shown in Fig. Ill, i 
Plate II. Th(‘ir nature lias been elucidated by j 
a long scries of experiments, meluding the j 
preparation oi ti*ansv(TBc sections of sjieeimens : 
of metal upon which the lines had priiviously ; 
been developed. The conclusion arrived at is i 


regarded as built up of minute elements or 
groups, much as a stack of bricks is Imilt up of 
individual bricks. It has been shown (Kwing 
and Ttosenhain, 'Fhe (h‘;\'8taliiu<' Structure ol 
Metals, Jiakcrinn Lecture, Phil, Trans. A, 1899 ; 
Kosenhain, Deformation and Fracture in Iron 
and Steel, Journ. Iron and Steel Inst. 1900, 1.; 
Rosenhain and Humfrey, 'Phe Crystalline Struc¬ 
ture of Iron at High I’emjieratures, Proc. Roy. 
Soc. 1910) that these crystal ‘ bricks’ or units 
are themselves never defoiincd or changed in 
shape (excepting the temi»<n‘aty ‘ elastic ’ defor¬ 
mations wliich are left out. of consideration here), 
and tliat tin* eiystals which aio built up of these 
units ac('C)mino<lat<* tliemsclvi's to changes of 
shape imposed upon them by allowing the 
‘ liricks ’ to slide ovi'r one anollicr along at least 
three sets of gliding jilanes. It'hcrc these planes 
of slip reach tlic surfaci* of a crystal forming 
part of the ^ircviously iiohshed face of tlie 
specimen, tlie result is the formation of a 
minute stej) in the surface, and the short 
sloping siirtace of Hiich a stc]), when viewed 
by ‘ normal' light, ajqicurs as a iinc! dark line. 
Tlliumiiatiou by obliqiu* light, on the other 
hand, shows the lines sluning brightly against, 
tlie dark background whenever the short sloji- 
ing Biirfaci's arc turned s" as to face the incident, 
light. Oil ni connt of their mode of formation 
tliese lines have been called ‘ slip bands.’ 

In cert.ain metals, notably in copjier and its 
a alloys, ami also in lead and many other 
plastic metals and alloys, tlie process of didomia- 
tion by slip as just described is also accompanied 
by what is know n as ‘ mechanical twinning.’ In 
this process a ci*rtain portion of the crystal, in 
order to nccommodato itself to th(; circumstances 
created by tlic application of plastic strain, 
swings over into an entirely niw orientation, 
w^hich 18 , how'cvcr, definitoly relatocl by crystallo- 
grajiIuG law^s to the oiientation of the parent 
crystal ; this piocoss usually occurs in a series 
of jiaialiel bands. 'I'lic presence of crystals 
showing ri'gular alternating bands of similar 
oru'iitation is always an evidence of ‘ twinning,’ 
and since twinned crystals raridy occur in cast 
metals, this feature is gcncirally evidence of the 
application of w(/rk to the specimen in which it 
appears. Where deformation by slip and by 
mechani(;al twinning occur together, the slip- 
bands change their direction on passing the edge 
of the tiviuned area, and a stair-likc shape of 
the bands results. 

The process of deformation liy slip obviously 
implies that the motal retains its truly crystalline 
characitcr after it has undergone a permanent 
change of shape, and it is found that, unless the 
amount of deformation has been very large, this 


that they are in reality minute steps in the 
surface arising from the fact tjiat the adjacent 
portions of the crystal have sUpiied over one 
another along the cleavage or gliding planes of 
the crystal. It may be accejited as abundantly 
proved that the polygonal grains seen in the 
micro-sections of metals are true crystals, 
^lossessing all the essential features of crystals 
as regards the regular and symmetrical arrange- 
raont of the constituent molecules, although 
these crystals have grown together into an 
aggregate without allowing the individual 
members to develop their characteristic external 
shajie. These crystals, however, may be 


! is actually the case. 

! A furthci senes of phenomena must, however, 

I be considered; these relate to 4-he changes 
; which occur in the structure of the crystal at 
■ and in the immediate neighbourhood of tlie 
I surfaces upon which slip has taken place. It 
; has been shown that when the surface of a piece 
of metal is rubbcfl or polished (G. T. Beilby, 
The Hard and 8oft State in Metals, Phil. Mag. 

: 1904 ; 0. T. Beilby, Hurtor Memorial Lecture, 
J. Soc. Ghem. Ind. 15, 1903), some of the mole¬ 
cules or atoms in the surface layer of the metal 
arc torn away from their crystalline arrange¬ 
ment, and are left upon the surface in a state 
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of relative freedom, which allows them to behave reversed ; such a reversal of the stress will, if it 


in a manner resembling a thin film of viscous 
liquid. It is by the spreading out of such a 
film under the action of pressure and of polishing 
media, that polished surfaces arc formed. I'hc 
material of this thin surface film, however, is r»o 
longer in*the crystalline condition; its con¬ 
dition resembles that of an exceedingly viscous 
liquid, and is therefore to be regarded as being 
truly ‘ amorphous,’ and U lots been shown that 
in this amorphous comlitem, although tem¬ 
porarily mobile, th(‘ niatcMal is much hardei' 
and also much more brittle than llie, same suh- 
fltance in the crystalline stule. Now in the 
interior of the crystals of a nu'tal winch undei- 
goes deforninthm by slip, iiudal surfaces move 
over one anothm undei ^(•lv consideialde 
jiressures, and it follows tJiat .tn aeluui very 
similar to that wliieli oeeius upon a suitacc' 
whieh is being pohshed uill t.ike^>la<-e on CM-ry 
girding plane; i.f. a thin la>er o( atoms will 
be disturbed from llieir noimal pojsilion jii the 
crystalline arrangeiiK'iit. and a layei ol tem¬ 
porarily inobih', ainoiphous mateiial wdl lie 
formed. Now it has bi'cn .shown tliat il this 
layer IS thin, the dirc'clivi' bnec's ol the adjacent 
erystallinc syslems are snnieient. (o eanse the 
clisfurbcd atoms to reasHiime the onentalioii 
of the systcin, and in that cuse llu- surface on 
which slip has taU u [il.icc may be said to have 
‘ healed up.’ On tlie olhei hand, two ddbuenl 
cases may occur. Jn tin' liist. easi' the inmess 
of slip may be earned so lar that the disturbed 
layer becomes too (hiek to allow of conijiletc 
and. almost immediate rccrystallisation, ami 
then each snifaeo of sliji reni.uns as a spc'cii s of 
‘scar’ within the metal, taking the fonii of a 
thin layer of hard, amoriihons matmial 'J’Ih- 
presence of these hard layers 1 <-im1s to lendei 
the metal both harder and strongei, but also 
more brittle, and it is well known ibaf this is 
the iiniversal re.sult of the aj)pli<'iiUon of caild 
work or jdastie deformation to ductile metals. 
If the process of plastic deformation is earned 
to an extreme, as in the hanirmuing of tliiii 
metal foil, a large proportion of llie metal may 
ultimately be present in the auiorphons con¬ 
dition ; but this condition is unstable, and a 
very moderate amount of Imating is sullicienl 
to induce rocrystnlhsation. Tliis stage, how'- 
ever, is only reached in siieeial circumstances; 
more usually the npjilie.ation of stress results 
first in a ('crtain amount of plastic deformation 
(by sliji), folhnved by a local and rajiid deforma¬ 
tion—also by slip—which culminates in fracture 
at some point where the amount of slip has 
carried the adjacent parts of a crystal out of 
contact. The fracture resulting from such a 
mode of breaking has a fine silky fibrous ajipear- 
ance, owing to the fact that all the lumute 
surfaces of slip <dong w'hieh fracture has occurred 
are inclined at small angles to the direction of 
stress, but the mctnl has remained essentially 
crystalline; indeed, apait from non-metallic 
inclusions, aucli as the ‘ cinder ’ in wrought iron, 
there is no true ‘ fibrous ’ structure or condition 
in metals. 

The second class of circumsianccs whi<-h do 
not permit of the immediate re-crystalhsoi-ion 
of the layer of disturbed atoms, which are 
formed on surfaces of slip arise when the stress 
which has produced a small amo.unt of slip is 


comes soon after the first occurrence of the 
slip, cause the reversal of'the slip itself, and 
the layer of disturbed atoms will still be in the 
mobile condition, and will serve as a species of 
lubricant to facilitate the return slip. At the 
same tune, the reverse motion will produce an 
increase m the number of disturbed atoms, 
and the disturbed layer will grow in Xhiclcncss 
with each reversal. After a large number of 
such I'cvcrsals of siress some of this disturbed 
mat<-nal will bo forced—in its lemporanly 
mobile state—out ol the space between the 
ailjnceut sections of the crystal, and wlmt W'as 
liofoie a suitae(“ sh]> will thus become an actual 
li.'^siiic, wliitii spreiiiks rajiidly through the whole 
iiia.'^.s. 'liie re.suH ing tracture will sliow compara- 
t'vely luiL'<‘ bright face!s reprc.sciiting the planes 
on which .sliji bus oeeuned, so Uu t the fracture 
will have a ‘ crystalliiu'’ ajipearanee, although 
the metal its(if is lu it her imne nor less crystalline 
than it was at, the beginiitug. 'I'he vn‘W th.it 
metal.s ‘become rrystalline' under alliTn.nlnig 
stre.sses or under vibration is thus imluely 
without toinMl.-ition. Ji should be said that the 
«‘\]ilanation ol llie manner in which melalH 
frac-turc uiuhu ‘Jatigue,’ i e. under the n'})(‘at<-«l 
alternation oi atre.sses which wtmid l.ul to Iraetnie 
the material at a single j)n»longed aiijilication, 
as it. has been given heie is no Itmger to bt' 
U'gaided ns of .1 sp<-culati\i' character, since 
every jioint in the explanation hu.s l>e(*n defimtdy 
observcil and vciilicd tiy sevmal jndej>enilcnt 
tibservci's (Ewing and JLumfiey, 'I'hf I'iaet uu' of 
Metals under llcpeated Aiternnrions of {Stress, 
Phil Trans A, HKKl, 2t»>; Stanton and Bairsiow, 
iiie Itcsislame <)f Iron and Sti'cl to Reversals of 
Direct iStic.'-.s, Pioc. Inst C.E. I!)07). 

The coiic(‘]»(ion ot the jiarf w liicli anioiphons 
metal plays in the whole inechanisin of the 
colieHion (ti ciy.stalhne aggregates in giaieral, 
lunl of metals in ]>articulai, lias in lecent ycai.s 
received i-onsiderable oxlimsion by the develop- 
idcnt of what lias come to be known as the 
‘Amoiplious t'mnent’ theory (llosenliuin and 
Ewcii. Inteierystallme (’ohesion in Metalfl, 
Jouni. Inst. Metals. l!H2, [vin.] 2, I41)-I8r>; 
same authors and lith*, Se{oiul I'ajuT, Joum. 
Inst. .Metals. PMtl, [x.J 2, ll!)-14!t; Rusenhain 
and lliimfrey, The Tenacity, Deformation, and 
Fracture of Mild t^beel at High 'remperatures, 
Journ. Iron anil Steel lust. ]‘.H3, fi.] 210-271 ; 
Bcngougli, A Study of tlie Properties of Alloys 
lA ifiglx Tenijierntiires, Jouni. Inst. Metals, 
1012, Ivii.] 2). According to this view, when 
a metal 8<ihdifie3 from fusion, or undergoes 
ri'CrystalUsation in the solid state, the crystals 
grow outward from their resix'otive centres 
, or nuclei, ultimately limiting each other by 
ajiproaching to contact; actual contact between 
adjacent crystals, however, only occurs at a 
fevi‘ points, a small residuum of the metal being 
retained in the amorphous or under-cooled 
liquid conchtion filling the minute intorstices 
betw'con adjacent crystals aud acting as an 
amorphous cement, w'hoso relatively great 
strength and hardness accounts for the speciar 
strength which is known to reside in the inter- 
crystalline boundaries in pure metals. That 
such a residue of uucrystallised materials 
should remain in the crj'stal junctions is Mcribed 
to the counterbalancing effect ofs* opposed 
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crystalline orienting forces emanating from the 
two adjacent crystals, hut considerable difference 
of opinion exists, even among the sup»i^rs 
of the theorj', as to the probable thicMpil^^of 
these hypothetical layers of amorphous cement. 
Although at first put forward essentially as a 
working hypothesis to account for certain 
special facts, so largo a volume of oi idence has 
since been brought forward in support of tlio 
tlieory that considerable importance must now 
be attached to i(. particularly as it is found that 
this conception brings together under a single, 
simple exiilanation a very wide range ol otlu r- 
wiso appaiently uneomieek-d luets, such as tlio 
modes of fracture of metals liotli at- Ibc oidinat v 
tomjxuatures anil at tcmperatuie.s near tluir 
nielting-pomt.s, tlieir behavioui in lacud, and 
the action ol certain gases on metals. 

The methods of inetallogra}ihy, altlumgli 
they have so t.u been described laigoly fioiii thi' 
jioint of view ol afi’ording*a eleaiei msiglit into 
the nature and eonstit-ution of metals and alloys, 
are also capabli' of diieet jnaclical applications. 
'J'hcso !ip})lieations inehule, in the liist place, the 
coiitiol of metallurgical ojHTation.s, paitu ul.iily 
of till' U'mpeiaturcs cm]>loycd in tlieimal and 
mechanical treatment of all kinds ami the 
investigation of new allots. 1’lu‘re is also an 
impoitant held ol uscluliicss f<.'r these nietlKHls, 
and more (.spcnally foi the imcrosc(.ipic I'xaniina- 
(uui of metals in conjunction with exliaustive 
mei'jituucal tests, m the investigation of cases of 
failure or breakage eitin'r unde i test oi in sei vici-, 
irieliidingsuch questions as ajijiarentiy mysterious 
fraeturcH, undidy rajad weai or coirosion ami 
Bimilai pudjlems. Althoiigli it would too 
imi<-h to claim that nietallograjiliie mell^ods aic 
always cajiable, ol liiuliiig tin’ eonei l holiituui of 
jirobleins of this i^lass, a great deal ol light can 
often be thrown ujxm the c.i.iis('h which liave le<t 
to the laiiure, and, lu many instames, the tiue 
cause of failure can he discoveied. A coiisidei- 
able number of such investigations have bcjm 
described (AV. llosenliam, The Study of Jbeak- 
ages, Kngineering, >Soj)t. IIKKS ; W. Itoscnliain 
and J). Hanson, A Cause ol JliittleiicsH in Wild 
Steel Holler IMatcs, Journ. lion and Steel Inst. 
1!)18, 1.), but the greater number are—ior 
obvious reasons—never allowed to readi the 
public. It is, however, tr^ be borne in mind 
that it is largely by the iiivesUgation ot i.isea j 
of unexpected breakage or other failure that j 
fresh knowledge on the jiroperties of opr j 
engineering mateiiuifc can he obtained. In a I 
number ot actual cases it has l»ecp found that j 
the metal had been damaged by modes of 1 
treatment which had heim regarded as luirinlcss. 1 
Metallography is therefore a science winch ha.s 
not only placed in tlio hands of metalluigists a 
mass ot valuable and detailed 4<?^owledge of the 
internal structure and con.stituiion of metals and 
alloys, bub it has also furnished them witli 
methods of irivestigatnin whicli are jtrobably 
destined to elueid.ite many of the still ‘ myste¬ 
rious ’ features lu the hi lmviour ol the inateiials 
of engineering. W. H. 

METANIL YELLOW r. Azu- conouiai^u 

MATTERS. 

__.SU3ll 

METANIUC ACID Prepared 

by sulphonating nitrobenzene and reducing the 
VoL. IV.—2’. 


mtrobcazeiio sulphouio aeid by non turniugs, 
neutralising with milk of lime, filtering, and 
evaporating. Used for making metanil yellow. 

METAHABIN t-. (Iums. 

METAXYLORCINOL V. l’nEN(*L AIhU its 

IIUMOLOOTJES. « 

METELLAGIC ACID. Metcllngie acid 
is prepared by tlio oxidation of m- 
hydroxybenzoic acid w ith jiotassiuin pcrsulphalo 
and sulphuric acid. Jteiystallisesfroiu pyridine 
in colourless jinsniatic needles, and wlu'u dis¬ 
tilled with zinc dust gives fiuorene. The 
acetyl dcnvati\e. Ci 4 ll 4 Uj(C 2 H;,()), colourless 
needles, inells at According to 

retkni and Micrcu.stcia {(‘heyi. t>oc. ’J'rans. 
H7, 112.7), inetelJagic is related to ellagic acid, 
and po.ssespes the lollowiiig <ioiistitution ; 




OH 

METHACETIN, p J\lelho.\y acetanilide 


.NJl-fU-C'll., 


(If.O 


All ant.ipyietie and analgesic. 

METHAL r. iSpermauh, art. Waxlh. 

METHANE. Milhyl hydiidc (e. Methyl 
cuftirouMis). 

METHOXYBENZENE. AVt Anisole. 
p-METHOXYBENZENEDIAZO CYANIDES 

C. DiAZO- C'OMl’OlINnS. 

METHOZIN. A synoym for antipyiine. 

METHYL, (dig, lb a univalent, compound 
ladiclc, not known in tiie Jna; state. 'I’hi' com¬ 
pound (\IJfl discovered by I'Taiiklaiid and Kolbe 
((ISoc. Tians. 1, hi)) was called methyl, and 
lielioved to be the li’ee ba.se, and even when its 
nnileeule was lecogmsed us dimethyl (tdlalg, it 
was at tji'bi thought to he distinct iiom ethaiii', 
till! gas obtained liy J^'ranklaiid from ethyl iodide 
by iieatiiig with zinc and water. It was, how- 
evei, proved to bo identical with that body by 
Schoilemmer (Cliein. y<»;. '^I’ran.s. 17, 202). 

Methyl CoMcouHns. 

Methyl acetate v. AlLyl aolnltf^, art. AcK’nc 

ACID. 

Methyl alcohol tdljUH. Udhyl hydraii, 
hjdioxymtllnuic, wood sjnril, iiynxylic s-pirii, 
wood luiphlhny ‘Columbian sjunt,’ ‘Colonial 
spirit,’ ‘Manhattan spiiits,’ ‘ kakol’ (pro¬ 
prietary names in IJ.S.A.); ‘ green wood spiiits ’ 

; and ‘standard w’ood spirits’ in Canada, ‘ pro- 
Ispiilt’ III Cenuany (Cci. llvlzgeisi). ii.p. 

I IW-r.lP/VliU mm. (.1. Uyr, Pi-r. I'Jtlii, 4322); 

; 0-l t)0^’ (coir.) (Thorpe and Kodgiu'); sp.gr. 

! 0*790472 at J.7'-'/fr>'’ (lilason and JSorlin, Chem. 
j pSoc. Abstr. 1900, i. 821; Cyr, Bef. 1908, 4322 ; 

! Horoschewsky' and Hosehdestvensky, Chem. 

I «oc. Abstr. 1909, i. 808); 0*81000 at 0‘’/4° 
i (Voung and Fortcy, Chem. Soc. 'J’rans. 1902, 
1735); m.p. • sn'O"" (Ladenburg and Krugel); 

' il.C.“ 170*0 (btobinuiui, Kleber, and Langbein, 
i . 1 . jir. ('Iieiii. |ii.] 40, 341); Jl.F.—01*4 (S., K,, 
j and L.). 

•Hoyle found that the liquid obtained by dis- 
I tilling M'ood contained two eonstitucnts, an acid 
i jiortion mid a neutral spirit. Various conjcc- 
i lures were made as to the natuic of this 
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‘ spirit,’ the lirat iiivestigatiott of wliich was 
made by Dumas and Peligot in 1S34 (Ann. Chim. 
r)8,5* They gave it the name‘methyl 

ale'dior {fi*9v, wine; woorl). 

Fonnatum .—liy tlie (Iry distilliilion ol wood, 
of bect-sugfcr mohisHes (ViiKasnt, JUiU. Noe. ehini. 
|ii.] 27, 148), or of naleiurn loniuite {I’alemo and 
Lioben, Aimalen, Id?, 2U3 ; Friedel uinl »Sil\a, 
J. 1873, 52d). Methyl alcohol occurs in the free 
fitate and as nudhyi esters in pkints ((iut/.j'il, 
Maquoune, Geuthei), lorining various essenluil 
oils. It ia als<) n-covenMl from the waKle watei 
<)f the Ht(^ar^e^l wimhI pul|) m i'li'ja l' inaiiufaetiire, 
by allowing the hfjiuuH l<> iniicenlrat<- tJiiough 
repeated use and sulisr(|iirMlly diHlilling (AlKier, 
I'jig. Fat. It)l4, iHdd). According to'I’nlvafia.'.lii, 
ttunke. find \'ain;izafvi (J. Anicj'. ('hem. jSoc. 
IIH7, dn, 2723J), iiioht leiinoiitcd dnidws c<iutain 
suiaJI qnaiititjcs t)l jiielhyl alcohol. 

Pi(}Kiraiton - MetJiyl alcohol is prepared on 
the largo scale from the di.stillate from wo(»d, 
winch contains \ arioiis tarry matters, acc i k, acid, 
find the metliy] ah;oliol. The distillates Iron) 
l-lic wood arc alJowed to .stand loi some time, 
when the tarry, risinoiis, and oi!> maltcis ]»i(- 
< i]utatc ; the hU[)eriiJil;iiit lujmd is then tilU'ieil 
through gra\cl into aiiothei vessel, Irom wliieli 
it IS eillier distilled at- once ui aftej- pievioiis iieii- 
IraliHfttioij with lime. 'I'lic dislillaliou is ellectcil 
III the lijsl ease in inppor stills, and licat i.s 
aj)|)Ueil by coils oi copper pi[)es conveying steam , 
in the second case bmlcr.s of sliei t. iron aie em¬ 
ployed, and the heat applied by the direct lire. 

Tlio distillate IS then ])iiiitied liy repeated 
rodistiUations Irom eauslie lime, and last ly, from 
a little sul])liuric aeid {in mder to remove NH^ 
and amines). Jn some ia.se,s clnilk is ii.sed in¬ 
stead of lime, and soiiietinies chalk and sodium 
bicarbouaie. 

The distilialioii is caincd on iii cojijier stills 
heated by steam coils, or the retorts are guarded 
liy iron jackets, and hcaksl nvei the lii’c. 'I’Jio 
crude spirit tluis obtained is colourless, and its 
sp.gr. vanes from 0’87 to {)-82. 

The disagreeable-smolling constituents are 
sometimes g*»t ri<l of by W'lldsinitli’s juocess, 
whu'h consists in the ap|>Jicution ot o.\ulising 
agents, ( .q. potabsium diclironiate, auled by tbo 
action of light, to the crude spirit, by whicli 
moans the hydrocarbons, Ac., are di-stroyed, 
and a colourless, almost odour)<‘s.-N, liquid 
obtained. 

I'ho usual yield ot pyio.xybe spirit is from J 
to 3 gallons from I'ach ton of wood distilled, but 
the quantity depends upon the kii' I oi wood 
employed, and also upon the proper regulation 
of the temperature during di.stillatiou. 'i’he 
best yields are obtained by using a nuxturo ol 
oak, beech, and hornbeam (HariUol, Conipt. 
rend. 122, 40^). 

In the United Ntatos bireh, hoech, niajile, 
oak, elm, and alder arc used, together with saw¬ 
dust and wood-waste. The wood is seasoned 
for 1 to 2 years and cut into lengths of 50 inches, 
which are distilled in iron retorts at 200"-2i)0‘’ 
{see Wood, Destructive DmcLATioN). 

J..arge quantities of methyl alcohol arc now 
made by the distillation ot vinasso (residues pb- 
taiue<l by the evaporation of the .spent wash in 
the preparation of ordinary alcohol from beet- 
sugar molasses). The distillate contains am- 
raoniaoal compounds, methylamine, methyl 


; cyanide, and methyl alcohol. After neutralising 
with sulphuric acid the mixtuie is evaporated, 
the vajiours Inung condensed; those contain 
methyl cyaimle and methyl alcohol; the former 
IS dce.oiiiposeil hy rectification over lime, and 
the distillate, which contains dilute niothyl 
alcoln )l, IS ilehyilroted by means of lime. Methyl 
alcolml iH al.so lormod in the manufacture of 
wood pulp ami from waste esparto liquors. 

(!oi(imorcial wood spirit contains vciy vari- 
abki ]irop<irti(>iis ol the piiri^ ukoliol, from as 
low as 3o p.e (o as high a.s 95 ]).c. It contains 
acetone, metliy 1 acetate, an(l formate, alJyl 
alcnliol. aldelivde, nmthvlaminc, and often 
various eiiipyieiJinatic bodjes ; these have con- 
.suierablo iiiliiience, imt 'ally upon ds density, 
bid. al.M' upon its solvent [»ow<ts for siudJue and 
olliei lesin.s. 'I'li'- ‘tailings’ co'itain fuilin’al, 
inclhyl-elliyl kctmie, ami aJIvl acetalc witli 
snudl qii.intdic.s of |>ar.i\antlnm'. The <iii(lo 
alcohol lias a .sp.gr ot Ow'Kt-d 87.7 a|. I.'i'o’. 
T)m“ piire.sl spMit Ls .liM'ays jueferred lor use in 
l.inijis as a luel, bid for the irse of the varnish- 
imikeis and polishers some ol the impurer varic- 
lies, eoni.iining e.sseiitial ods, Ac., arc sometime.s 
( liosrn. 

The lollouing ]»ro('cfc,s tor the ju'oduetion 
ol melhvi aleohol ti'om wood is })alenled l>y 
U. .1. Ib’.oi (I’s. P.d. 7i:?rM2, P.)U2). Ill the 
destiuclne di'-t)!la1ion, a pr<;ssure is mam- 
lainul in l.'m ;ip)i.ir.ilus slighlly lower than 
that of till' a(ttios])lu le. Tim re.ulily con- 
deiisalih' gasc,-. ate comleiisi'd in [irimary con¬ 
densers, whilst the gases wliicli .ue not readily 
condensable are nuM'd witli a dclinito })roportion 
ot .steam and tlie aeids I hm- M'I free are recovered 
in a stcimdaiy < <m<[eiisei. 'I'lie degree of 
vaeiiuiii and the Mij»[)ly of steam required for 
mixing W'dh the h“ss eoiidimsalile gases aio 
obtained by means of a sti am cxhaiistei situated 
beyond the ])runary condensers. I'bis ex- 
liaiister a regulated aiitoinatieally by the volume 
and tension i»f tlio gasc.s generated so that both 
functions are kcjit uonstant. 'J’ho introduction 
of superhealevl air, containing only a little 
oxygen and a good deal of steam, which increases 
the yield of volatile ju'oducls m the ordinary 
destructive distillation, is patented by Zwnllinger 
(Kng Pat. 18823, 1883). 

A variant of tlic ‘ordinary method of de.struc- 
ti\e distillation ot wooil consists m first adding 
strong sulphuric acid. 100 kilos, of wood, coii- 
I'lunmg 35 p.e. of moistun-, with 20 kilos, of 
strong suljihuric aeid on di.stillation uj) to 100’’ 
and rectifying the distillate, yield wood alcohol 
:i kilos., acetic acid 7 kilns., oil of turpentine 
2 kilos , and 40 kilos, of wood charcoal of good 
quality (Orljavacer, Cliem. I'^abrik, Fr. Pat. 
357432, 1005). 

Hofor and 4doest find that a good yield of 
methyl alculiol is obtained by the electrolysis 
of sodium acetate solution containing sodium 
chlorate (Annalen, 323, 284 ; D. R. P. 138442, 
1001 ). 

The conversion of methane, which often 
occurs in largo quantities near oilfields, into 
methyl aleohol or other commeredally useful 
articles, is a problem which iij still undergoing 
investigation. Lance and Elworthy (Eng. Pat 
7237, 1905) claim the use of hydrogen peroxide 
(with or without ferrous sulphate or mono- 
jiersulphuric acid) and monopersulphuric acid 
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aloito. Von Unnih has utUiaed atmospheric air | 
as an oxidising agent with bark as a catalyst, 
blit In this case methyl alcohol is the subsidiary j 
product, the oxidation procet'ding further and 
producing formaldehyde cliicfly, 24 litres of 
methane by this ]>rocoss, when mixed with 
180 litres of air at 4;')'’, yield in the apparatus 
described 1505 grains oi formaldehyde in 12 
hours (U.S. J»at. 891753, 1907: .vrr „i^o Jlaus- 
inann & (Jo., D. U. P. 2M155. 

Attempts have lioen made to ehloriiiato 
natural meiliano under tiie a(;ti«in oi light and to 
hydiolyse the methyl eliloridt' produced to methyl 
aloolio). hut without (s onomie siieceNS (r/. Walter, 
I). K. I*. 222919; liiMltorO, .1. I mi. Kng. (Jhom. 
J91(>, Kt, lOitO). MctiiyJ ehlorido can he com- 
pJeU'ly eouverteil to iiK-iliyl acetate hy passing 
it over ])orouH soiliinn acetate at about 295'' 
and into methyl alcohol hy [)a,ssing it over 
siaKc'd lime at 300' . 

Vm ifiCiiliov .— Aceonlmg In a nietiiod |i.i- 
teiiti’d hv I’i])er and Jlolteii ol Beilin (l>. 11. J’. 
3t)K27, IScSIi). (he wood spirit is lirstdi'^tillerl with 
him' and then Ity fraetmital distillal k'II , the 
acetone i' 1 hns ie(luc<'<l tn 1 "i j).c. ’}’(> remove 

tlip retiiamiiie. .n etmie (lie I'lni it is lieafed to boil¬ 
ing (witli lelliix eomlejiscj), anil ili v i blonnc is 
passed into it: portions aie ti slcd lioin liine to 
time by distilling, and test me tbe distillate lur 
ai etone by t-la* iodotoi tn ic.ict ion {w < n/'-o jtot.ten, 

J Soc. (.'belli. Ind 1901,001) 'I'uatincnl vvilli 
lilcai lung pouilei is also soim timey ailopled 
Wlieti tills le.iclioii IS no longer given tiie |ias- 
-.ige of tlie chlorine is sto]ij)c<i. and the iiietliyl 
all olio] scjiarated by luieiional distillation jiom 
the IngJi iHHiitig chlorinated aretoiie, and puii- 
licd hy dislillatioii over lime front traee.s ol 
■ '•Idoriiie. 'i’lie methyl alcoliol l-hiis obtained is 
|)eilectly flee fro n acetone; (lie cliloiacetoiio 
ran be reconverted into areloiie by reilucmg 
agents. Methyl alcoliol juirilied in tins wav in¬ 
variably rontniiis some clilormatei! impiinfiry, 
winch may he reniov ed hy Ju'alnig under a reflux 
eoiideiiser with inne. 

Ill oidei to obtain |iure mi'tliyl alcoliol, tlie ! 
i>xalje or formic ester is jirepared, ami then de- j 
composed by heating with water (Wtililcr, , 
Annulcii, 8!,* 37(1), or ammonia ((liod/.ki and ' 
Kramer, Her. 7, 1-194). Methyl bcuzouti' when . 
lioated with a solution ol I part sodium hydroxide i 
m 5 parts of water yields iiictliyl alcohol ((.'anus, | 
Aimalen, 110, 210). Pure metliyl alcohol may ! 
be prepared by treating 10 parts of commercial 
wood spirit with 1 part of iodine, and thou | 
adding caustic soda until the colour of tlio ' 
iodine disappears, and distilling (Regnault and | 
\ illejean, Bull. Soc. chini. [ii.l 42, 255). 100 e.e. 

of the crude spirit are digested with 150 grams 
of solid caustic soda, and aftdVvwrda distilled, 
500 grama of oxalic acid are mixed with 200 c.c. 
of .sulphuric acid, and then 400 c.c. of the ]niri- 
lied alcohol are added, and the mixture, is healed 
on the water-bath; the crystals of methyl 
oxalate are dried by pressure and saimmtied by 
heating with water at 70“. The distillate is 
then dehydrated by means of baryta, lime, and 
anh ydrous copper sulphate (Dittmar and 
Faxv'sitt, Trans. Hoy. Soe. Edin. 33, 509). 
Apparatus for the purification of wood spirit is 
best constructed of aluminium or an aluminium 
alloy free from copper. Copper heavily coated 
with tin, or iron or copper lined with earthenware 


may also be used with cunnooting pi]jes of 
earthenware. Air should be excluded as com¬ 
pletely as possible, as this oxidises the methyl 
alcohol to formaldehyde, acetaldehyde, and 
mothylal, the reaction being I'eadily* oat^ysed 
by copper vessels. Aldehyde resin is likely to 
form in the still if the alkaline reagent has been 
added to tlu' crude wood spirit (P. I?ikos, J. Soo. 
(fliera. Ind. 1909, 1118). 

The following is a continuous method of pre¬ 
paring ])ure nouccntrated wood spirit. Tho 
crude spirit is disUlleil and the vapours passed 
fir.st through iituc waU'r. then warm concen¬ 
trated alkali solution (15' 20'' Beaumc), after- 
ward.s washed willi sti'.ii'u or otlier fatty acid, 
and finally with alkali again. Tins treatment 
remnves all aldidiydic rcsuis, liigher alcohols, 
ketoms, c'v.c. (J. I'a'rkaa, D. It. I*. lf)6360, 1904). 

'I'Ik' puiT.sl. ..nliyilroiis mctliyl alcohol is pro- 
paicd from tlm host acotoiu'-troo commercial 
arlick' hy }il•^t heating for some time with freshly 
hiiMit linic, then leaving in eontact with ignited 
potassium carhoiiate for sonio weeks, and tinally. 
distilling several tunes fioin mctralhe. ('atciiim. 
The most au-ui-ato criterion of dryness is tho 
esleiilication eonstant wliieli, for tlio anhydrous 
aleoliol and phenyl aeetic acnl, is 3'5.5f). Onc- 
tweiilielh of a ]ie. of water by volume lowers 
; (Ins (,(I about 0-532 and onlnmry pure dry methyl 
j aleoliol liom methyl o-xalalo is often as low as 
0 K»r) (,l. (lyi, Ber. ItMlS, 4322). 

' Other ])r(H-esses aie paU'iiied by Jloseiierans 
:(0.S. J»at. 793512, l(M)5) : Oliule (U.S. Tat 
; S24900, 1900) , Si'limidt (U.S. l*at. H85183, 

' 1908); and ('hristiaiiHen (U.S. I’at. 1302011, 
1919). 

h/k! (slinittlKni ~-\'\io recogmtion 
of meUiyl alcoliol itsell is a somewhat difiicull 
mailer but it.s oxulation profliiets, formaldehyde 
and forinu: aeid, .»i(‘ more readily ch.iiacterised. 
Of its com])onnds, the most cliaraeleristio is tho 
oc'itdfr, wlucli IS a erystalline solid melting at 
5T. Mullikca and Sendder (Aiiter. Chein. J. 
iS99, 21, 200; 1900, 24, 444 ; J. Amer. Chem. 
Soc 1905, 892), Barbet and Jandrier (Ulicm. 
So(. Absd. 1S9.S, 11 . 205), Jandrier (Uliem. 
Zi-nlr. 1899, i. 1290), Lcacli and liytbgoo (J. 
Amer. ('hem Soc. 1905, 904), Scudder and 
Higgs {ihvl. 1900, 1202), Franz Utz ((4iem. 
Zentr. 1905, ii. 1407), Hmkel (Analyst, 1908, 
417), Yoiscnct (Bull. Soc. chini. lllbO, Ini.] 35, 
74 h), Tnllat (tkmipt. rend. 1899, 127, 232), 
Voiisek (J. Soo. Uhem. Ind. J909, 823), Pieszczek 
(ITiarm. Zeit. 1913, 58, 850), Denig^ia (Compt. 
rend. 1910, 150, 530, 831), Bono ((Jliem. Zeit. 
1912, 30, 1171), Manmcb and Geilniann (Arch, 
lliarm. 1910, 254, 50), Wolff (Ciiem. Zeit. 1919, 
43, 555), Ehman (Amer. J. Tharm. J919, 01, 
594), Simnionds (Analyst. 1912, liL 10), Jones 
{ihiil. 1915. 40, 221). "(icUlrr (J. Jhol. (Jhom. 
1920, 12. 311). and others have all made con- 
tiihutions to (he question of the most reliable 
te^t for methyl in the presence of ethyl alcohol 
irf. Simmondfi, Alcohol, Macmillan & Co., 1919). 
As an outcome, the following official test of tho 
' U.S. Pharmacopoeia has been adoptedforquanti- 
^ tics nf 2 p.c. and upwards : tho liquid is diluted 
j 80 as to contain about 10 p.c. total alcohols. 

! About 3 c.c. IS oxidised by plunging a red hot 
copper spiral five or six times into it while it is 
kept from lioiling away by being surrounded by 
a beaker of cold water. It is then filtered and 
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boiled till free from tlic smell of accUildehyde. 
After cooling, 1 drop of U'r> p.c. resorcinol is 
added and 8uJ])bunc acid poured into the test 
tube so a.s to form a layer. It is allowed to 
stand fon-H minutes and gently rotated. If no 
roso-red ring appears, methyl alcohol is below 
2 p.c. Quantities from 2 p.c. down to O'l p.c. 
may bo detected by fractionating TiO c.c three 
times through u good fractionating head. The 
first two distillations should proceed till about 
35 and 20 c.c. respoetively in case ol a strong 
spirit, or 20 and H) c c. uith a weak one, 
have passed ()ver. 'J'he lust .‘1 c c. of the lluid 
distillation is fested as above. 

'I'hc detection of methyl aieoliol in the 
jiresence of formaldehyde neee.ssitales first the 
removal of the formaldehyde. This may be 
done ill scvcial ways. CTneliin and Kaulier 
((;hem. Son. Abstr. lOOJ, ii. .520'; ii. 20U) 

recommend cominmng it M’lth sodium suljih* 
aiiilaie. Stntar {ibid. JtKif, ii. 080) uses 
ammonia. Bamberger {ibid. 780) [nelers sodium 
hydrogen sulphite. The best reagent for tins 
jjurijose is probably potassium < yauid(‘, as pio- 
posed by J^elfmann (('hem. Zentr. J00.5, ii. 1407). 
The methyl aieoliol is subsequently distilled ofl 
and estimated by the sp.gr. of the distillate. 
iSVe o/.so J)uyk (C’hem. ISoc. Alisti. l!K>2, n. J10) 
and Blank and KinkenbmmT (l»er. 1000, 11120). 

A review of the vaiious methods of ibdeeting 
methyl alcohol in ]»iesenee ol ethyl aleoho! is 
given by Simmonds, ‘ Aleolml.’ Maeuiillan 
W'hieh also contams a ilesenptioii of tiie process 
of JJenig^M, as inudilied by tSunmonds, and 
adopted in the (loveinment Laboratory, Loiubni. 
'J’he book contains a useful biblutgraphy on tin' 
subject, t'hajiliii has also dcscnhefl a modifica¬ 
tion ol Denige.s’ method, wliuli is elaiiiied to 
increase its seasitivcnebs ami to avoid false 
reactions (Analyst, Jl)21. 1175). Tiie solution 
to bo tested is diluli'd until it contams 5 p.c. 
of total aleohois ; .5 c.c. of this solution arc then 
mixed with 0'2 c.c. of 8.5 |>.e. pliosphonc acid, 
and 2 c.c. of p.c. jMit.issium i>ernmnganato 
solut ion are added. VVlieii the permanganate i.s 
dceomjiosod completely (about lU minute's) 
1 c.c. of 10 p.c. oxalic solution is added, followed, 
after 2 minutes, by 1 c.c. ol concentrated sul- 
jihurie acid anil .5 c.c. of Sehiff’s reagent. If a 
blue or violet coloration does not ajipcar after 
10 minutcft (any coloration due to acetaldehyde 
will have disapj>cared in this time) there is 
present loss than 0*2 p.c. of methyl alcohol in 
the mixed alcohols. 

Table nhowiwj pcrccnfa^r of methyl alcohol in 

aqueous solutions at {Klason and 

Arkiv for Kemi 3Sineralo<ji och Hcoloiiu v«L 2, 

No. 27).. 


8p.gr. 

r.c. 

metliyl 

alcuiiol 

r.c 

iiiothyl ‘ 
alcohol 

8p in. 

1* c 

nict.liyi 

aieoliol 

v.<-. 

luitlivl 

Jllcotiol 

by wt 

bv Mil. 

. 

by wt 

bv vul 

0-71)04 

U)0-00 

100-00 

0-8175 

02.50 

04-02 

U’7075 

00 04 

00-77 

0-8200 

01-00 

04-28 

0-8000 

08-75 

00-18 

1 0-8225 

00-70 

0.4-03 

0-8025 

07-85 

00-50 

i 0*8250 

80-HO 

02-08 

()*8t).50 

00-00 

98-01 

0-8275 

88-88 

02-31 

0-8075 

00-07 

07-41 

0-8300 

87-07 

01-04 

0-8100 

05-18 

00-80 

0-8325 

87-00 

00-07 

0-8125 

04-28 

00-18 

0-8350 

86-10 

00-29 

0-8150 

03-30 

05-55 

i 0-8375 

85-23 

80-00 



P.c 

methyl 

3»c 

methyl 


Pc. 

methyl 

V c. 
methyl 

Sp.gr 

ulcohul 

alcohol 

i 8n gr. 
j 1,5715'' 

sicohol 

alcohol 

15715” 

by wt 

by vol , 

by wt. 

by vol. 

0-8400 

84-20 

88-88 ! 

0-9225 

48-64 

50-20 

0-8425 

83-34 

88-13 

0-9250 

47-20 

54-79 

0-8450 

82-39 

87-40 

0-9275 

45-84 

53-30 

0-8475 

81-44 

80-04 

0-0300 

44-49 

61-92 

0-8500 

80-47 

85-88 

0-0325 

43-15 

50-48 

0-852.5 

79-.50 

85-09 

0-0350 

41-70 

49-01 

0-8550 

78-51 

81-27 ; 

0-0375 

40-40 

47-53 

0-8575 

77-50 

83-44 ‘ 

0-9400 

39-00 

45-04 

0-8()0() 

70-50 

82-01 : 

0-9425 

37-64 

44-29 

0 H(;2.5 

75-.50 

81-70 ! 

0 0450 

30-03 

42-06 

0 80.50 

74-49 

80-89 i 

0 0475 

34-61 

41-03 

0 H);75 

73 40 

80-02 ‘ 

: 0-9.5(M) 

32-95 

39-35 

0-8700 

72-48 

79-13 

1 0-0525 

31-38 

37-01 

0-872.5 

71-44 

78-23 

' 0 0550 

29-79 

35-81 

0-8750 

70-38 

77-31 

! 0 0.575 

28-14 

33-89 

0-877.5 

00 31 

70-39 

, 0 0000 

20 44 

31-82 

0-8800 

08-25 

75-43 

I 0-0025 

24-00 

29-83 

0-8825 

07-18 

74-43 

; 0-00.50 

22-80 

27-83 

0-8850 

00-00 

73-41 

i 0-9075 

21-14 

25-70 

0-8875 

04 08 

72-39 ! 

0-0700 

10-38 

23-07 

0 8000 

03-80 

71-34 

: 0-0725 

17-03 

21-54 

0-8025 

02 70 

70-28 

; 0-9750 

15-85 

19-40 

0-8950 

01 -05 

09-23 

i 0-9775 

14-03 

17-25 

0-8075 

00-.52 

08-17 

' 0-9800 

12-27 

1512 

0-0000 

50-30 

07-09 

i 0-9825 

10-00 

13-04 

0-‘K)25 

58-20 

05-07 

1 0-98.50 

8 04 

11 -03 

0-0050 

57-01 

()4-82 

, 0-9875 

7-32 

9-0(j 

0-0075 

.55-82 

03 •()5 

o-tmoo 

5-72 

7-13 

0-0100 

54-04 

(>2-4(; 

' 0 092.5 

4-18 

5-30 

(1-012.5 

.53-40 

01-27 

: 0-0‘*.'.0 

3-01 

3-84 

0-0150 

52-31 

(iO-04 

1 (‘ 0975 

j -30 

1 -09 

0-0175 

0-0200 

51-10 

40-84 

58-80 
57'54 

' J 000 

0-00 

0-00 


A tabic published l»y Dor.istlicwsky and 
Ro.schdcslvciisky (.1. Bu^s. I’hys. t'liem. Soc. 
l!)00, 41, 077) difleis in no essential partiimlar 
from the above table. 

, Tor the e.slimation ol iiielhvl alcohol, in the 
abseiu * ol other materials than water, a rofer- 
enoe to the table of sjj.gr. is the most rapid 
iiu’Uiod, but Zcisel’s well-known methyl iodide 
method is very rehabie. The latter is only 
interfered w'ltli by acetal or ethyl alcohol. Jn 
the presence of etliyl aieoliol the most accurate 
mcthoil IS that due to Thorpe and Holmes 
(('hem. Soc Trans. 11)04, 1), depending on the 
! fact that wlu'ti oxidised with dichromate and 
ijSuljjhunc acid, ethyl alcohol gives nse to acetic 
j aeid and a minute quantity (about 0 .5 p.c.) of 
1 carbon dioxide, wliilst methyl alcohol is 
j completely oxidised, under the stipulated cou- 
1 ditions, to carbon dioxide and water. The 
1 process is as f«*llow8 : the sample is mixed with 
! water III such projjoition that .50 e.c. of the 
, mixture shaU liontam not more than 1 gram of 
• methyl alcohol, and in the presence of ethyl 
1 alcohol not more than 4 grams of the mi.xcd 
; alcohols. Tifly c.c. of tins mixture are then 
mtrodiiced into the oxidation ttask, 20 grama of 
1 potassium dichromate, and 80 e.c. of dilute 
I suljilmric acid (1:4) added, ^nd tlie mixture 
’ allowi'd to remain for 18 hours. A further 
i quantity of 10 grams of potassium dichromate 
j ami .50 1 '.e. of sulphuric acid mixed with an equal 
I volume of water are now added and the contents 
1 of the fiaak heated to boiling for about 10 
I minutes. The carbon dioxide is swept out by 
I a current of air and collected in weighed soda- 
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lime tubes. When ethyl alcohol is present, a 
subtractive correction of 0*1 gram of carbon 
dioxide for each gram of ethyl alcohol must bo 
made This method is of great convenience in 
determining the adulteration of tinctures and 
other medicinal preparations by methylated 
spirits. 

Other substances yielding carbon dioxide in 
these circumstances are allyl aleoliol, Jiiethyl 
acetate, and acetone. JOtlior and pyridine do 
not affect the estimation. 

Profurlicf !.—A colourless liquid with an 
odour like that of ethyl alcohol; miscdilo with 
water in all jiroportions, and witfi contraction 
and cvoIuIkmi of lieal (v. table). It burns with 
a blue Hame. It [lossesscs, like ethyl alcohol, | 
remarkable solvent jiower.s, dissolving most sub- 
stani'cs wliieb are .soluble in ethyl alcfdml ; con- 1 
sequcntly it may he used in many ca-se.-^ instead j 
of that liquid. | 

Methyl alcohol, like slroiig ethyl alcohol, is i 
a toMc substance, it-s jioisonous nature being j 
atU’ibiited t.o its eunversioii into formaldeliyilo j 
(Bosseken ami Waterman). Eor a bibliograpliy | 
of the literature lelatmg to the to.Knily of 
methyl alcohol, sw Morson (.1. Soe. ('hem. Ind. 
I5UH,'2d, T). Aeconlmg to Lanegaaol ((.'hem. 
Zentr, lhl2, h. I3S2) methyl alcohol is more 
poisonous than titliyl alcohol wlioii taken in 
lepeated small quantities, but ethyl aleohol is 
much more dangerous when taken m a single 
large dose. 

Its vapour pressure at Yaiious temperatures 
is given in the following table (Uitimur ami 
Kawsitt) 


Tumpora- 

Vapour 

j Tiimpen- ; 

Vapour 

turo 

pruiisurti 

tur«‘ 

pressure 


iniii 

; X. 

imii. 


29-7 

1 40“ : 

2594 


40-2 

. 46“ 1 

327*3 


53 S 


4094 

15’ 

71-4 

! 55® ! 

507*7 

20" 

91'0 

; 90® ' 

Ii24*3 

25“ 

122‘7 

: 95® 1 

7()ll 

30“ 

158-9 

: 94*99® i 

790-0 


2(0 ■« 

i 



A .similar tu)»le, ranging from 0*^ to 240“, has i 
bce.n published by Young (Scient. IhdO. Roy. j 
Dublin (Soo. 1910, 440). 

Anhydrous copper sulphate is slightly soluble 
in absolute methyl alcohol, yielding a bluMi- 
green solution, hence it cannot bo U8<‘<i as a 
teat of the freedom of methyl aleohol from water 
(Kelpl, J. pr. (')hem. [a.] 25, 520). This blue 
solution deposits crystals of CuS 04 , 2 (JH 30 H 
(Forcrand, Oompt. rend. 102, 551). Hydrated 
copper sulphate dissolves io the extent of 
li'5 p.c. at and the solution on standing 
deposits green rosettes of crystals having the 
composition 3DuS04’CuO,40H3()H (Auger, ih%d. 
142, 1272). Methyl aleohol combines witli 
many salts in a manner similar to water of crys¬ 
tallisation, e.g. LiCl,30H30H ; MgCljjOlJHaOH ; 
(Ia0l3,4CIl3OH, six-sided tables, decomposed by 
water, may be heated to 100® without decomposi¬ 
tion (Kane, Phil. Mag. [ni.] 10, 45). A compound 
with barium oxide, Ba 0 , 2 CK 30 H, 2 H 30 , is ob¬ 
tained in brilliant prisms, when BaO is dissolved 
in aqueous methyl alcohol, and the liquid eva¬ 


porated at the ordinary temperature (Forcrand, 
Compt. rend. 102, 1657). 

When passed over heated zinc, methyl 
alcohol yields carbon monoxide, hydrogen, and 
a small quantity of methane (Jahn, Ber. 13, 
983). In contact with heated copper it is 
ilccomposed into formaldehyde and ‘hydrogen. 
A large proportion of the formaldehyde is 
polymerised to methyl formate, whilst another 
portion is resolved intt) carbon monoxide 
(Mannich and Geilniann, Ber. 19l(i, 49, 585). 
At higher temperatures (1150“) it is completely 
resolved into carbon monoxide and hydrogen, 
the ilecoinposition taking place in two stages 
which piocoed simullanomisly. In tlie first 
stagc5 formaldehyde and hydro{Jen arc formed, 
and the formaldehyde is then decomposed, 
giving carbon mono.\ide and hydrogen (Peytral, 
Coinpt. rend. J9I7, 195, 703). By the action of 
zinc eliloriihv liydroearboiis C^Hj.n-t-2 
chief products, iiiso some hexainethyl benzene 
(L(* lh‘l and (Irei'iie, J. 1878, 388). By electro¬ 
lysis in presence of Hul}ihuric acifl, yndhplal 
(’11,(01111,),. iH produced (Kenard, Ann. (’him. 
Phys [v.l 17. 290). 

Methyl aloi>hol is not decomposed by hac- 
fifium ncfti. I'olassium or sodium liberates 
hydrogen and foriuH a uieUioxule; sodium 
rnethoxitlc Nar’]i.,0 eoinbines at KIO® with 
carbon monoxide to foiin sodium aeetat'. 

Magnesium dissolves m methyl alcohol on 
g('ntly heating, forming niagneainm methoxide, 
wlueli separates in pointed pnsms from solutions 
; containing about 9 grains in 40 of a)<!obol, or as 
i an araorjihous powder from more concentrated 
: solutions, Th<' crystals contain 3 molecules of 
I methyl alcohol and effloresce rapidly. Bromine 
converts it into bromofonn and magnesium 
bromide. Magnesium nitride reacts energetically 
with methyl alcohol forming trimethylamine, 
according to the equation : 

Mg,N.. + 9ClT,OH 

■=3Mg(0a)0(JH3+NH3+N(CH3)3 


iSzarvasy, Ber. 1897, 305, 809). 

(‘hlorimi acts on methyl alcohol readily if 
noist. In diffused dayliglit at 99'5'^ the chief 
jroduet is formaldehyde, which probably 
■esults through the intermediate formation of 
ihloromothyl alcohol ('HaClOH, and dichloro- 
nethyl ether (Cir.Cl)/). The latter may 
ictually be iaolate'd. i'arbon •difixidc and 
mrbon' monoxide and also methyl cliloride are 
jontinuou-sly evolved during the reaction. If 
die alcohol* is diluted with water the reaction 
lirocecds with explosive violence. Bromine has 
but little action, but in sunlight at I .’10®-! 50“ 
methyl bromide is formed, mixed with carbon 
monoxide and dioxide and formic acid if the 
bromine is not in excess. « 

Iodine is even more inert, but at 180 -200 
hydrogen iodide, carbon dioxide, and methyl 
iodide are formed. The chief bulk of the 
alcohol is converted into methyl ether, which 
is also readily produced by heating the alcohol 
• . _i„,i ...nn r. n inflinA /AndM 


RrDuhi't, (^orapt. rend. 121, IM). 

, Geld methyl alcohol absorbs ono molecular 
proportion of boron trifluoride forming boron 
tnelhori^ dijlmride Brj'OCH,, crystallising in 
prisms melting at 41*5“ and boilmg at 87“, 
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Sodiummethoxide (1 mol.) readily converts this 
compound into horon dmethoxij jUtorulc 

15K(0(:il3), 

which is a colourless mobiic li(jui<l funiint'm ait', 
imrning with a green flame, and boiling n1 
It hasasji'gr. of I'On.l at fb’. Sodium methoxule 
changes this into m'llii/l Imralc R(0(TI,).,. 
Metliyl boraf-e boils at and has sjigi. 

O’blb at 0". Jt l>inns witi' n green IIjuih' and j.s 
readily deeoin|»osefl )iy moist atr or wuler. 

There is also formi'd by tlie aetioti of boron 
trifliioi'ido on methyl aUsdiol -i. niolecular eoni- 
pound with inelhyl elhor, lJr-,,0(t'ir,)j. Jt 
bolls at 12(i‘^ 127" ami dissociates at. a sligldly 
higher t.em|»(‘ra1-in(“. 'In addition an acid ]iro- 
duot of still iiigher boding jiomt is jmidiiced 
to a small extiait (V. (iauselin, Ann. (diim. |vii.I 

■'): . 1 

'I'Ik* eatalylic oxidation of niet.'iyl alcohol to ' 
fitrmal lclivd*' is tlit^ Hiib|eet ot .several |>.ijirrs ' 
by I*: Oiiod (.1. .So<-. Cheiii Ind llltl, 4)!». 

I I7t)). Ozone oxidise.s iiiethvl alcohol to form- ; 
.i-Midiyde very readily in .hO p e a(|tieoiis solution ' 
(Harries. Her. llKi:b l'.t:i;i). ! 

WJnte phosjdioiiis, when heated witli methyl ! 
alcohol (1 niol.) ior hoiih' liouis at at least 2M)'’, ; 
|»t’oduees tetramethyl pliosphoniniu hydroxide 
.-uni, in adilitioii, |)li(»sphin<‘s and plio.sphoiie * 
acid (.1 Herthaml, ( ^iinpt lend. J4:{, I Ibt)). ' 

Methyl alcohol decomposes diazoiumn salts. ; 
forming, with livnznic diazonmtn nitiate, am- ] 
soil', o-uitioiihenol. and 2 : 4-<bmtroplu'iiol If 
water is [in'scnl, p-nilrojihenol is also formed 
Th(‘ alkoxy deiivative only is piodiieed Iroin , 
(Jia7,oh(!ny.enesulpljai(\ »Sodium methoxidi' in 
solution in inethxl aleolml prodma-s beir/i'iie and 
diphonyi (Heeson. Ainer. Ciu'in. .1. ih, 2;r>). 

Jmpiiriliif --.—Tfie imjmrities of eommeuial 
wood sjurit are small quantities ot aldehyde. ; 
dinietliylaectal, ,d!vl alcohol, aeetoney inelliyl- 
ethyl kel<me, liiLdier Jvrtones, and eliloioform. 

Acotime is the most ohjcetionabli-, (“speeiiilly ■ 
when tho alcohol is to lie use<l ni the ]ire- j 
paraf ion of aniline enhuirs. in ordca to estimate I 
idu' amount of a<‘etone 1 c.c. of tlu' wood sjuut i 
is mixed witii lb e.e. of a. double noi'inal solu- ! 
tion of soda, and lb e.e. of a double uoiniaf ^ 
solution oJ iodine are addial witli constant I 
Rhakiiig, and then lb e.e. of absolute ether. 1’be ' 
ethereal layer is then measured, an nliqmA 
portion takeq and eva])oraicd on a wai.idi-gbiHS! 
and the residual lodoferm wciglied. The weight ■ 
of the iodoform (ealeiilated to Hie total volume ' 
of ethereal solution) multiplied h}' b’2S gives the 
amount of acetoiu* in I e.e of wood .sjunt' 
(Kramer, Her. IH80, lbb2). 

According to Messenger (Ber. 21, o.dbO), this i 
method give.s too high resiilts if the qnanlily of 
acetone be small. The folboving method and 
details are due to Milan and Siridlar (Zcitsch. 
anal. Chem. IIMU. 387). Crude irood 
5 c.c. are diluted to .ofH) c.c and 5 c.c. of this 
mixture are submitted to Zeisel’s process. 'J'he 
weight of silver iodide multijihcd by 272'b gives 
grams of methyl alcohol per lUO c.c. Aqvcouff 
■wood 5pjn/ containing under 10 p.c. methyl 
alcohol; 10 c.c. are diluted to 50 c.c. and 
shaken for i hour with OT) gram of charcof.l, 
filtered, waMied, and ililuted to 100 c.o. and 
estimated as above. Crvd<’ pyroligneous acid : 
50 o.c. are neutralised with sodium carbonate 


made up to 250 c.c. and filtered. 100 c.c. are 
then made strongly alkaline and distilled till 
50 e.e. liave collected. Tho distillate is treaU'd 
I with charcoal, fiC., as above. The shaking 
i with charcoal lemovo.s guaiaeol and other 
' phenol ethers, but the CHtlinatioii is invalidated 
^ l>y the presence of acetal, methyl acetate, and 
j ailyl alcohol. A correction for tliese may be 
! m.i.(I(’ by determining the iodine number and 
; os(<‘iijieation number of the saTn]il«\ 

I Methyl benzoate C^flll^'C’CK) CH 3 . rre])ared 
} by iiealmg a imxfure ot benzoic acid, methyl 
' aleoliol, and biilpluirie acid. A colouiless* 
liquid, of aiomatic smell; l>.p. ; sp.gr. 

l'tKi-12 at l5'^/j.'>'^. Known as ‘K'lobc oil,’ and 
used in pcifumery. 

Methyl boride B(CTl.,);i, hormcUiyl, inweihyl- 
horun, V.D. I-OIOS (eale. = 1*0314), a gas ob¬ 
tained troin melljyl l)orat.e by the action oi zmo 
iiK'tliyl (Fraiikland ami Diippa, Annnlen, 124, 
12!>); has an mlctiscly di.sagn-eable sinell. ignites 
sjjontaiuHuisly in the air; can be liqiiciicd by a 
]n-essnre of (lirvc atmosjdicres at JO'', ('auhlu' 
|)o 1 <ih 1 i absoj'bs tlio gas and vH'lds, on evaiioia- 
tion, .1 visdd rcstdui' ol H(('ll^i-pKOll. Am¬ 
monia forms a comp<Hmd H(('ll.,)pNll,,, wlneli 
can be crystallised from ether m Jaige crystals ; 
m )). ;■)(» ': b.p. 110 ®. 

Methyl bromide f’li ,j>r, hxurwwilhanf ; b.p. 
I'o'' (con ) (I’crkin, (liem. ,Soc. Tiuns 1884, 
45 1); sp.gr I 733bb at b 8 ;b-8'^. 

rx'IK/ralioH - Hy be.iting the ea<'<nl\! eoin- 
pound Ab(ril,) ,(()H ) ,Hr (liiinseii Anmden, 4 h, 
41 ); fidiii irmthyl aleoliol, hinmiiK', ami j»!ios- 
plic-tiis (J’lmic, Ann ( him. liii-l 15 , 373 ). 133 

glams ird jihosjdmius, 8 bb grams methyl 
alvoliol, ;tr«‘ mixed in a ndort'. the inixtiiie 
lie.ited to the bmliiig-jxnnt, and 8 bb grams of 
bromine are griidiiallx added , .'dler some houis 
tin* mixture is distilled (Mernll, . 1 . jir. < 'Iieiii. [11 1 
18 , 2 b 3 ; Sleinkopl and iSchwen, I. jnakt. C'bent. 
Ib 21 , 102 , 3 «t 3 ). By drojiping nietliyl suljdmle 
into hydrobiomic acid at 45 ''- 50 ®, or bidder 
into a cmieeiitrateil solution of an alkali bromide 
sligbliy aeidilieil with sulpJiuric aeid, at 3 b''- 35 '' 

(Hoiihu and Simon, < Vunpt. rend. Jb2b, J 7b, 505). 
By the action of liydrogen bronmU*, or jiolas- 
eium bromide and snlj)hune aeul, on methyl 
alcohol (Taboury, Bull. Son. clnm. 1911, [iv.J 
0, 124; Hvgden, .T. pr. Cltein. 1911, fii.] 83, 
121 ). ' • 

Methyl bromide is a colourless mobile liijuid 
AVitii a smell resembling that of chlorof^m, 
unites with water to loini u crystuihne hydiate 
tdfjHr ,2011 0 (?) w^hieh js decomposed at 4® 
(Mernll) 

For broniinatcd compounds of methyl brom¬ 
ide, v. Mdliykni Imn/nde, art. Bromofobm ; 
and C<()hov hirnhronndc, nii. (’abbon. 

Methyl chloride (JfljCl, chlorornelhanc ; b.p. 
—23*73® (Jiegnaull); —21® (Berthelot); —23® 
(Vineiuit and I)clachanal); sp.gr. 0*99145 at 
—23”; 0*95231 at 0® (Vincent and Delachanal, 
Bull. 80 c. chim. [ii.] 31, JI). Vap. press, at 0°= 
2*48 atmospheres, at 15°=4*11, at 30®=fi*50 
(Vincent and Delachanal). For compressibility, 
see Bodareu, Atti It. Accad. Linoei, 1914, [v.] 
1, 491. 

Preparation .—From methyl alcohol, common 
salt and sulphuric acid (Dumas and Peligot, 
Annalen, 15, 17); from methane and chlorine 
(Bertbelof, Ann. Chim. [ih-l 52, 97); by heating 
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the cacodyl corapnundB As(CH.,)2(OH)/U or 
AslGHjlsCl (Bunsen, Aiinalen, 40, 44). 

On the large scale by tho dry distillation of 
‘ viiiasses ’ from beetroot. Tho methylamine is 
saturated with hydrochloric acid and concen¬ 
trated. then heated t.o 2C0'^-S(M)°, ■w’hon methyl 
chloride together with mono- ami trimethylaimne 
is evolved; tho bases arc removed by means of 
hydrochloric acid and the methyl chlondi' dried 
over calcium ohlonde and condensed by pressure 
in wrought-iron cylinders (Vincent uml ])ela- 
ehanal. Bull. Soc. eliim. In.] 31, 11 ; J. 1878, 
1135). One part of melted zinc, chloride ia dis- 
flolvod in two jmrts methyl alcohol and hydro¬ 
gen chloride led intf) tJie mixture (droves, ('hem. 
Soc. Trans. 1874, (541). 

Methyl chloride is olituined from methane 
by the action ol (-arbonyl clilonde at high 
icinperatiiros: 

Cll^^hGOC],-('11,01 ICU fllt't 
The mixed gases whu;h sliould contain a slight 
exi'esH ot inetham' an- led over a luitalyst oaj)abie , 
of acting as a chlorine earner oi ol acceleiMting 
tlu; reaction by snrfaci; condensation (Hoch- 
stetter, J>. It. ih 21)20S!> ; .1. fSoc. (licm. Jml. 
3.7, 81)7). 

It may also bo obt-iimsl by heating mclliyl 
sulphate with stannic chloride. At low tem- 
])eiatuics the snbslanccs react with the inier- 
modiaUi formalioii of the mcthosiilpliati' oi 
staimyl chloride: 

Sn0l4d-2Me,SO4 -2!VJe(.;[+)SnCl,.(yOjMc), 
a white amorphous solid, decomposed at higln-r 
(.oinpcratures, giving stannic sulphate and 
iiietlivl chloride (Bonlin and 8imon, ('omj;)t. 
rend.' Ihl'.t, J(l<l, (»18). 

It may also ho ]>re]taied by dnqiping methyl 
sulphato into hydroclilonc acid (I). 1-JI2) 
at about .50" : j 

JVlc,SO,d-H(Jl-McIhSO, I-Medl 'j 

(Houlin and tSiiimn, iIi'hL l!)20, 170, 505). : 

For ohsorvations on tiio ohloiiiiation of: 
methane, /•. I’fcifcr, Maiitiuicr, and Kcitlinger, ! 
,1. })r Chem. 1010, lii.) 00, 230. 

Properhfs .—Methyl clilonde jm a colourless , 
gas with ethereal odour, and burns, wlien ignited , 
m air, with a greoiiisli llamc. One jiart of. 
water dissolves 4 volumes (Pf methyl chloiido ; 1 
of absolute alcohol, 35 volumes ; and 1 of acetio 
aeid, 40 voluinoa (Bcrthclot). Tho neutral solu¬ 
tion is not jii'ccipitaied by silver nitrate. WHh 
water at tmiipcratures below 7’3'^ at 7(50 mm. 
it forms a solid hydrate 014,(3,(5H2() (do For-. 
crand and Villard, (Jompt. rend. 10(5, 1402; I 
Villard, Ann. Ohim. [vu.J 11, 377). With' 
chlorine in sunlight it yields methylene chloride ' 
(OHjtJla), chloroform (CdKJl,). and finally car¬ 
bon tetrachloride OCL art; Carbon) ; the 
chlorination can also lie effected by leading a 
mixture of ohlorim* and methyl chloride over 
aniiaal charcoal at 2.50"-3.50°. 

Methyl chloride forms wnth broraiao methyl¬ 
ene bromide, bromoform and carbon tetra- 
bromido (Damoiaeau. J. 1881, 376). 

Methyl chloride is extensively u.sod in tho 
preparation of various coal-tar colours and also 
as a means of producing cold. By its evapora¬ 
tion a temjieraturo of —23® is produced, or if 
the evaporation bo accelerated by blowing in air 
--66“ is easily reached, and since its vapour is 


1 non-poisonoua, its superiority to liquid sulphur 
j dioxide for this purpose is evident. 

Methyl woeyanate CHg-N: meihyl carl- 

\imidei b.p. 43"-45° (CJanUer, Amialen, 1497, 

1 313). Formed by tho distillation of a luixtui-e 
j ot 1 part of potassium eyanate witl» 2 parts of 
[ potassium methyl sulphate (Wnrtz, Ann. Chim, 
I [in. I 42, 43); also by the action of diazo- 
j methane on nitro-uroa (Dcgner and von Bech- 
j maun, Bor. 1S!>7, 649). A liquid with intensely 
I sulTocatiiig siiu‘11, converted by dry ammonia 
into inetliyl-uioa NH((dl3)C0’^^ll.> which fornm 
prism.s soluble in water. Watei conviTts it into 
dimethyi-urca Nll((.'il.,)(.'U‘Nli(.'Il3 with evolu¬ 
tion of carbon dioxide. • 

i Methyl cyanurates. Monomethyl, dimethyl, 
and trimethyl denvativc.s of both normal (I.) 
.ind isocyaiiunc (11.) acids are known. 

N Nil 

/ X / 

HO'C coll ():C C:0 

II II 

N N JIN Nil 

\» 

coil C:0 

1. II. 

Normnl Irirntthyl ciju'iniralc (Nt'tX'II^)., is 
prepared from sodium methoxidc and cyanogen 
chloride (Hofmann and Olsliauaen, Bcr. 1870, 
271). From dry sodiiiiii mctlioxide and cyano¬ 
gen hroiiiido (I’oiioinaiew, tOid. 1885, 3204; 
Klason, J. jir. Chcni. (ii ] 33, 131). yolublc in 
ether and water mid crystallises in trnnetric 
prisms melting at Klh" ami boiling at 205". On 
long boiling it. obaugi's into the isomerido, 
melting at 175“ (triimsthyl /’.weyanurato). 

Normal dxmdhijl njunuiale C jNs(OH )(Ot';,il)^ 
results by he.ating 2 grams sodium in 15 grams 
ab.solnte nicthy! alcohol and 15 grams normal 
triinotliyl eyanuiato to KM)" for J| hours and 
decoinj)08ing the sodium salt w'llh acetic acid 
(Hofmann, Bcr 188(5, 2007). It forms small 
six-Hidcd leaves .soluble in alcohol and water but 
not ether. It softens at 10.5"-170‘^ and decom- 
I»<)ses on iiirthcr lioatiiig into dimethyl iso- 
eyanurat(“, m j). 222", and also trimethyl mo- 
5yamirate, m.p. 175". 

Trimvlltyl iHocyaimralt GaO^NafCH), ia pro¬ 
duced together with the normal trimethyl ester 
from silver cyanurate and methyl iodide (Bono- 
marow, Bcr. 1885, 3271); also faun tho silver 
salt of tho dimethyl derivative and methyl iodide 
(Hofmann, ibnL 1880, 2090); also by the inter¬ 
action of cyanuric aiud and diazomelhane 
(J’alazzo and 8celsi, (fazz. chiin. ital. 1908, 38, 
i. t559). Moiioclinic prisms melting at 175"-J7()" 
and boding at 274". Soluble in alcohol but 
not in water. 

iJlrndhyl isovymnrale (CHalal^CNO)^ is ob¬ 
tained by the dry distillation of%nethyl acetyl 
: urea (Hofmann, Ber. 1881, 2009); also from the 
; normal (hinethyi derivative (v. mpra). Mono- 
j eliinc, thin leaves from water melting at 222", 

Monomdhyl iHoryanurale 

(CH3)H,N3Ca0a,H,0 

is pr epared by heating nitn.»wocarbonyldimethyl* 
ui^a with water (Fischer and Frank, Ber. 1897» 
2fH5). It forms thin leaves, readily dehydrated 
at 100", melting at 296°--2l)7°, and has an un¬ 
pleasant odour. On methylation the trimethyl 
derivative ia produced. 
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Mixed derivatives have been prepared by 
Ifantzacb and Bauer (Ber. lOOf., 38, lOOo). I'he 
di-o-inono-N- derivative, m.p. lOf)'", is prepared 
by the interaction of silver cyanatc and methyl 
iodide below 0®. The mono-o-di-N- derivative, 
m.p. 118V is prepared from silver cyanurate 
and methyl iodide at low temperatures. 

Methyl cyanide CH;,'C'N, aci tovitnlc; b.)». 
81 ; sp.fTr. 0-8052 at 0-780] at 15^ (Vinctmt 

and Oelochanal, Bull. iSoc. ohim 33, 405). 
IJ.C. at 18‘’-3I2-I4 (Thomsen, Th. 4, 12H) 
—291'() (Bcrthidot and J*etit. (Vmijit.. rend. lOS, 
J2I7). 

From aniinotiinm aectale and |>IioH]»hoius 
pentoxiihVfhnnas, <'omjil tend. 25, 3S3), fioni 
aeol<imi(le ami )ilios|)hnru.s jie.nto.\ide; by dis¬ 
tillation of |iota.s 3 ium methyl sulphale villi 
])otasHium eyanide (l)mnas. Malamiti, and 
Beblane, Annalen, (>4. 333); in e;,!!!* 

acetic aeid at 105® (Van’t HofT, Bit. 1871, i3K2); 
al.so by heating dimethyl siiljihate witli ]io(as- 
sium eyanide (Walden. Ber. 40, 3214); liy 
lussing vapour of nnhydioiis acetic acid mixed 
with ammtmia through a lube lilied with jmmiee 
lamtainmg a dejvosit of alinnma anil heated to j 
500®. It is also formed by the action of prussic 
acid on diazometliane (von Pechmann, ihtil. 
1805, 857): and by pouring acetiit aenl over 
luagnesiura nitride (Kiiimeiling, ihe/. ISOC), n;35), j 

Vrcpmation .—A mixture of 5 moleenles of ' 
acetamide and 1 moleeuh' of I'hosphorus [lenta- ! 
sulphide is distilled, the product aasheii witli 
caustic soda and digesti-d with lead oxide 
(Ifenry, Annalen, 152, 140). By long heatmu ol 
u mixture of aeciamide and glaei.d acetu^ ai iil 
under a ndlux condenser (!)eniuic;i\. Bull Si>e 
ebiin. Id.) 33, 451)). 

Acetonitrile is a colourless li'juid with a 
pleasant ethereal .smell. niHcililc with water, 
from which it sejiarates oii the addition ol com¬ 
mon salt. It burns m air uitli a peaeh-blossom 
flame; with acetii- aeid at 200 ® it produces di- 
aoetiiinide. It is miscible wdth motliyl alcohol 
or with ethyl alcohol, and its b.p. ia lowered by 
such admixture—a liquid containing 80 ]>.e. 
wood spirit and 20 p.ix acetonitrile has the 
lowest b.p. (63’7®), whilst, in the case of ethyl 
alcohol, a mixture of 5(1 p c. spirits of wine and ' 
44 p.o. acetonitrile liotls at 72‘()® (Vincent and 
Deiachanal, Bull. J 8 oe. chilli |n.J33,405). It com¬ 
bines easily with drv hydrobioiuic or liydriodic 
acids, more \lirticultlv with liyilrochloric aeid 
(Gautier, Amiulen, 142. 201 ); by iiaHsinu hydro¬ 
gen elilonde into a cooled mixture of aceto¬ 
nitrile and aiadic acid, acetyl chloride anil 
acetamide result (Poison, Bull. Sue. cliiin. fin.] 17, 
57). ()H,,CN-21IBr toims viyslals nuUiug at 
47®-50° {kngler, Annalen, 140. 300). Ibomiiie 
combines with aeidonitnlc at 1 (I 0 ® to form a com¬ 
pound—(BIjI^r’PN’HBr—crystallising in prisms 
which molt at 05®, and arc decomposed by moist, 
air, forming ammonium bromide, acetic acid, 
and dibromodiaeetamido (Kngler, Aimalen, 133, 
137; 142, 60). Suljihur trioxide produces the 
compound (CH 3 CN) 32803 , which crystallises and 
.lissolves in W’^ater, hut not in organic solvents. 
By precipitating its aqueous solution with 
alcohol and ether crystals of the oompositpm 
(UH 5 (’N)i(yO.,)>.H .,0 are obtained (Eitner, 
Ber. 1803, 28^’). 

By the action of sodium upon methyl 
cyanide, methane and un oily substance 04 lTgN 2 


isolnble in ether (lloltzw'art, J. pr. Chem. fii.] 
i 38, 343), Boiliiim cyanide, and cijanmelhive 
OjIfjNj are obtained (Baoyer, Ber. 1869, 319). 
Tins is best obtained by heating 6 parts methyl 
eyanide with I part of sodium under a pressure 
of 160 mm., distilling off the excess of methyl 
, cyanide and crystallising the residue from 
alcohol (Meyer, ,1. ])r. Ohern. [ij.] 27, 153). It 
forms uumoelinic erystals (m.p. 180°-181®), 

> which dissolve in 6‘64 part of water or 5‘25 
jiarta of aleoliol at IS'. Cyanineihine unites 
. with many aeids, P^HgN ,.11(3, needles 
soluble in water; I).p.2d0‘’ 250® (< 'eHflNjlAll ^ 804 , 

, ery.stalliscs with diiticully. Jt also forms chlonnc 
'.ami bioinine derivatives (Baeyi-r, Ber. 4, 176). 
Trc-ated witli aluminium and cold sodium 
hydroxide solution (15 ]>e.) acetonitrile gives a 
75 |).c. 3 ’iel(] ot ethylaniiiio (Ferrer, Anal. Fis. 
<.> 111111 . 1914, J2, 239). 

tS II hsti { ail o >i pi od It I ts of acc(o- 
tl tirilr. 

('Iihniicitoiilliilr PJf.Cl’CN, troin elilor- 
aect,amide and phosphorus pentoxide (Ibsseliop- 
nick, ih'i. 6 , 732): the reaction is better carried 
out 111 a vacuum (SehoM, ihid. iSOd, 2417). A 
liquiil ; b |i. I2.‘> -124 ’. sp.gr. 1-204 at 1I‘2®, 
1-193 at 20® (Knglei, il»<l 1873, 1003). 

IhcJihiriK tloiiilnlr <‘II('I^-CN; b.p. 112 ”- 
113®;spgi J371al I!-4'(Bisselio|nnck, Ber. 6 , 
732). 

Txildwwhiulnl. '’(.3,MW; b.j). 83®-84®, 
s[).gr. 1 139 at 12-2 '. l-'rom tnehloiaceUmidc 
and [)hos|iiionis ])enl(>\*dc ( Bi«schopiiick, Ber. 6, 
732). F>y action of ililoiine Ujion acetonitrile in 
prt'sence ol iodine (Beekiiils, ihid. J876, 1594). 

liroiiKit ‘ limitnlf (di.Bi i'N, mid dibroniarefo- 
inhili PIlBr, ('N, m ]). 142”, arc also known (e. 
Fngler, Aiinali-n, 142. 69. and V<in’t lloft, Ber. 
1S74, 1571 ; also lleaiy, (kiinpt icrul. 103,413). 

lodaviluiiiln/i <'ll ,1 (k\ ; b ]). 18<)®-JS7”; 
sp.gr. 2’3()65 at 12® ; from eliioracotonilnle and 
sodium iodide m alcoholic .solution (Henry, 
(dmpt. rend. 103, 413). 

Nitroaccloiitlrilc OHjiNOjCN r. Fulminio 
AO in. 

J>nuli(>af<iovil.’ tie (-'II(N 03 ) 4 ('N, a syrupy 
liquiil obtained by the action of sulphuric acid 
upon the amniomacomjioiiiKK'lBNO^l^PN-NHj; 

, This eomiiound is obtained by the reduction of 
an ethereal solution of trmitroacetonitrile by 
means of dry snlphureUed hydrogen: 

I ’ (Tl(N(),)XN-NH,d-2H20-t-4S 

! fSchischkolf, Annalen, 101, 215; U9, 249; 

I 104, 250). 

1 Trini(io(H'.loni()ih‘ (’(NO^laC'N, a solid, 

: m.p. 41-5''; explodi-s w’hen heated to 220®. 

I J‘’ormo<l by the action of a mixture of fuming 
mtne <ind suliihuric acids upon sodium fuhnin- 
' ate (ScliischkolT, Ann. C3um. [iii.] 49, 310). 
Soluble m ether, but decomposed by alcohol, 
water, or alkalis. 

Methyl ^cyanide CH^'NC, ino-dcelonitrik, 
mcOnjl carhylannur ; b.p. 50'6®; sp.gr. 0*7657 
i at 14® (Gautier, Aiinaieii, 162, 222). From 
methyl iodide and 2 molecules of silver cyanide at 
130® (Gautier, Compt. rend. 05, 468); also from 
chloroform, mothylamine, and alcoholic potash 
‘ (Hofmann). It is also formed in small quantity 
when potassium methyl sulphate is distilled with 
' potassium cyanide. 
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Methyl iwoyanide is a liquid with a very 
unpleasaDt smell; soluble in 10 parte of water 
at 15®; forme crystalline salts with acids. 

Methyl fluoride CHgF. A gas, sp.gr. (H —1) 
17‘38, oalc. = 17*05 (Collie, Chem. Soc. Trans. 
1889, 110). Obtained from potassium methyl 
sulphate and potassium fluoride (Dumas and 
P^ligot, Annalen, 15, 59); by the action of heat 
upon tetramethyl ammonium fluoride (Collie); 
from a mixture of methyl iodide and silver 
fluoride (Moissan and Meslaiis, Compt. rend. 
J07, J153; Chem. Soc. Trans. 1889, 354). 
Liquefled by a pressure of 30 atmospliercs at 
ordinary iempeiatures; Hlmlitly soluble in 
water, more so in methyl a[t;ohol H is very 
stable; eritieal temj). 44iC; prossuic! 47123 
mm. (Collie). F(U’ tlie jihysic.al constants of 
methyl fluoride, see Medes and Jlatueeas, J. 
('him. Phys. 1019, 17, .537. (Jhionne in sunlight 
displaces hydrogen and forms ('ll..(‘IF, a gas ! 
solubleinwaterandofsp.gr. 34-IH ((‘ale.---34-25). 

Methyl formamlde 1l-C(j-Nfi(C}[,); b.p. 
180”- 185® ((iautier, ,1. J8()9, (>IH); 190' (Linne- 
mami, .1. 18(i9. fM>l); sji.gr. 1011 ;tl 19®. A 
thick oily liquid soluble in water and alcohol, 
insoluble 111 ether, formed by the disliUalion 
of mothylamine formate. 

Methyl formate H-co (K'll.,; b p. 32”-32 5 " 
(oo.T.) (Perkin, Chem. Sue. 'I’nius. 1884, 491): 
Volhard, Annahm. 17(i, J33). Sp.er. 0 i»K239 at 
I5®/15®. 

Prfp/irddon —130 parts of methyl alcohol 
saturatod with hydrogen.cliloiide an^ gradually 
jiourcd upon 100 parts ot calcium formalc ; the 
mixture is then digested for S(une time, and 
finally distilled (Volhard, Annalen, 17(), 133). A 
mixture of equivaiont proportions of sodium 
formate, hydrochloric acid, and wood siurit may 
be used (Bardy and Bordet, Ann. Chim. [v.J 
M), 5(il). Wood 8 j)int is digested with formic 
acid, sp.gr. 1 - 22 , and distilled, the distillate 
i.s then dehydrated liy means of i>hosphonis 
pentoxide. 

Methyl formate is a coloiulcss liepud with 
a characteristic smell; its vajiour is decomposed 
at a red heat, forming carbon monoxide and 
methyl alcohol. (.Hilonne in presence of j 
sunlight yields trichloro-melhi/l c/ilorofflrmaie > 
Ol-(JO*OC0li, b.p. l27-5®-128^ sp gr. l'-0525 
at 14®, which, when heated at 34()®-350®, 
yields carbonyl chloride C()(3;, (Hcntsehel, 
J. pr. (Jheni. [u.] 3<), 99). if the action he 
stopped at an eailicr .stage, a eompouml 
D^HaCljO^, b.p. 1()8°-199®, sp.gr. 1’4741 at 
27®/27®, is formed. In th<‘ absence of sunlight, 
chloroformic eater ClCOUCHj is jirodueed 
immediately (Hentschei, J. pr. (,'liem. iii.) 3(5, 
213; c/. Grignard, Rivat, and Ed. Urbaiii, 
Compt. rend. 1919, 1(59, 1074, and 1143). 
Methyl-ci/cfo-hexanone v. 

M6thyl hydrate v. Methyl alcohol. 

Methyl hydride. Methane, mnruh qaa, CH 4 ; 
8 p.gr. 0*559 (air=l); b.p.-= -l()4*0® at 73(5*(5 
mm. (Olszewski, Ann. Chim. lil] 3), 58); 
sp.gr. of liquid=0*415 (().); critical temp. 
82*^ ; critical pressure, 45*6 atm.; critical 
density, 0*1023 (Cardoso). H.F.}). —21,750cal8.; 
H.F.v.=21,l70 cals.; H.C.p. 2 ^.. 11,930 cals. 
(Thomsen, Th, 4, 60): H.C.p.~2l3,500 culs. 
(Bertheiot, Ann. Chim, [v.] 23, 179). 1 vol. of 
water at f absorbs 0*05449 —0*001807< 
+0*00001028/* vols. of mareh gas; 1 vol. of 


alcohol at /®, 0*522580- 0*00280551+0000142/* 
vols. (Bunsen). 

Mai-sli gas is emitted from the siirfaco of the 
ground in many parts of tlie world, notably m 
Italy, North America, and in the vicinity of the 
Caspian fioa. It is formed by the putrefaction 
of vegetable matter under water, and hence 
occurs in marshy places. It is evolved in large 
quantities from the mud volcanoc.s of Sicily, 
Italy, and the Crimen. Jt also occurs in the coal 
uioasiires. and, in small quantities, in llie gases 
of the human jut(‘.stines (Huge, J. 1H(»2, 528), 
and in th(‘ breath of calves and sh(K‘p (Reiset, 
J. 1803, r.3S). 

It IS foniK'd by tlu* putiefactum of cellulose. 
According to iloppi* Seyler, this is due lo the 
action ot a fungus {Amylob (Cte\ivm, Van 
Tiogliem, Coiiijit. rend. Ss, 205), and cellulose 
(stcinlised filter-paper was used) is converted 
into a non-redueiiig sugai ('eHia^^e- which splits 
up mto 3('()o and 3 (;ll 4 ; this actimi is stopped 
by a tempeiaiuie .ihove (50®. 

Marsh gas js also produced by the destructive 
distillation of carbonaceous matter— c.q. wood 
or coal—and hence occurs, to the extent of 
about 40 p.e. by voluini', in coiil gas. 

It can lie obtained from clilorotorm or carbon 
tetrachloi nhi by jiassiiig the vajiour, mixed with 
iiydrogcn, tfinmgb a hot tube, 01 by heating 
with copper, potassium iodide, and water 
(Bert,helot, J. 1857, 2(57). Also by passing a 
inixtuie ot the vapom of carbon disulphide and 
I sul]»hurcLled liydi-ogcn over heated copper or 
iron (Bertliclot. Ann. Cliim. |iii.] 53, (59). Also 
by the action ol the silent ckadrical discharge 
upon a rnivture of Itydrogeii and carbon mon* 
oxide (Biodic, ]*ioe Roy. Soc. 21, 245), and 
by the direct combination ot carbon and hydro- 
i gen at 1200® (Bone and .lerdan, Chem. Soc. 

; Trans. 1897, 42 ; Bone and ('oward, ibid. 1908, 

! 1975), and also l>y the action of water on 
alnmijiiiim curbid«* (Moissan, Bull. Soo. chim. 
;tiii.] 11. 1012; 15,1*285). 

; Carbon dioxulc mixed with Iiydrogcn is 
converted into methniu' when heated in presence 
of uiirkel as a eatnlyst: 

00,-1 HI,-(■114+211,0 
The reaidion begins at 230®, and is rapid and 
nearly complete between 30<4® and 40(J®. By 
passing the product of tin* reaction tbrough 
caustic, soda, to tree it from unchanged carbon 
dioxide, and condensing it by liquid air to free 
it from hydrogen, pure methane may be obtained. 

It is also formed by the direct reduction of 
carbon monoxide by hydrogen in presence of 
nickel: CO+ 3 H.-CH 4 +IIA). The reaction 
begins at 180® and proceeds rayu'dly at 230®-2r>0®. 
If the gases are mixed in theoretical proportions 
the methane is obtained almost yuire. At teiu- 
poratures above 250“ part of the carl*on monoxide 
IS converted into carbon dioxide and carbon: 
2CO'^C-)-(X)... owing to tlu^ specific action of 
the nickel at the.se tcmyieratures. 

This last is a simple method of obtaining 
methane free from admixed gases. For details, 

Harger, (Ailhery (fuardian, March, 1913; 
(!amj)bell and Jkirker, Chem. Soc. Trans. 1913, 
lO.T. 1292. 

'fhese methods of yireparing an industrial 
gas rich in methane, of high calorific power, 
and suitable for incandescent lighting, have 
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been covered by patents. See. Henderson’s 
Catalysis in fnduHtnal Clieniistry, Longmans. 

Prepumfidv .—JJy heating jtotfissiuni acfiate 
with caustic potash 

KC^HaO.+KOH-K.CO.i-CJJ, 

Sodium acetate and a mixture of equal voIumeM 
of calcined scala and pi»\vdered linu; are li('at('d 
in an iron or co]>|»er vessel (iSeliorleinmer, 
Choin. N(nvs, 2h, 7), liydiogen and elhvlene 
arc also produced in tins’reaction (Knihe) • llic 
latter may ho removed by means ol siilphiiiic 
acid. 

it can also he obtained by the action ol the 
cop|«T-zinc (•( iifdc iijutn a inixt iiie of eipial 
volumes of aJcuhol ami methyl iodide (Clad- 
stone and Tnlie, Cliom. Soe. 'I'rans. JH84, lo4). 
Methane ja also (d)lained hy tin* decomposition 
of zinc methyl with aleojio) or w^li'r. 

/Vo7aT//f.v —Melhane is eolonileys and 
odourless, and forms an explosive niixtun' willi 
air (‘ hrc'damp’). In mixtures oi metliain' and 
air containing fiom 5 to *)-2 p e. of methane tlie 
decomposition is ('(),+2ILO, hut 

with larger qiianlities. in adilition to'eailx.n 
dioxide and watei, hydrogen and eailioii 
monoxide are foinied. ft is very slahle, and is 
not afToeted hy jdiospiionis ]H'utt>xide or anti¬ 
mony pentacJilorule. nr even hy stumg nitric 
acid. Dry chlorine has no adion m the daih, 
hut in suuliglit the mixtine explodes; in 
diffused tlayliglit idiloro substitution den\ati\es 
are formed, viz. methyl chloride, methylene 
diohloride, chloroform, and carhon teliaehlonde. 
For observat ions on the clilonnation of nui hane, 
V. 1‘feifer. Mnutliner. and Ueitlinger, .1. ]>r. 
(Ihem. ll»l‘l. |n.| int. ; Wliiston, (’hern ,Soe 
Trans. l»2(t, 183. When jmssed throngli a liot 
tulie, a small ]ini(,i()u is conviuted into n.iphllia- i 
lone. At higlier tenijicrutures it is more oi jess I 
diaaoeiated ni amount dependent on ilie tern- ! 
perature. and the amount and naturt' of the j 
heated siiriaeo (Bone and (bward; C.imphell 
and Slater). It i.s very gradually ahsorhed f>y 
cold fuming sulphunc acid (Worstall, J. Amei. 
('hem. Soc. |S*1U, 240). It inav f>o oxiilised to 
methyl alcohol and fonnaldcli’vde (mc Milhi/I \ 
afen/tof). ' ' I 

It forma a hydrate with uatei at - 2" oi T \ 
under a prossure (.f 30 utmos])]ictes. T< n«ion ! 
of dissociation at ()''-27-a almospheies; ent. 
tem]).--2l-c;’ (Villard, (.'omjit. umd. 107. 2tF»). 

Methyl Iodide (’11^1; l).p. 42 :r (corr.) (IVr- 
klii, ('hem. Soe. Trans. 1.SS.J, -150); 42-0'' (corr ) 
(Thorpe and Lodger, TMiil. 'I'laiis. 1S04, A. It, 
464); ap.gr. 2-28517 at 1.5'7J5° (1\); 2-2677 
at 15° (Lardy und Bordet. Ami. ('him. [v j 10, 
569). Formed by the action ol phosjifmnis 
and iodine upon methyl alcohol (Dumas ami 
Peligot, Ann^ion, 15, 30). 

Preparahon .—In a siniilur manner to that 
of ethyl iodide (q.v.), 35 parts methyl aicoluti, 
100 parts iodine, and 10 parts of phoa])horuR are 
the proportions usually employed. These snh- 
stances are allowed to remain in contact loi 
some hours ; the methyl iodide is then distilled 
off, washed with dilute caustic soda solution, 
and dried by means of calcium cliloride. The 
preparation from an iodide of an alkali or alKa- 
line earth by the action of methyl sulphate is 
patented hy Weinlm^d and Sohmidt (]). II. P. 
175209, 1905). A yield of 04 p.c. is obtained 


by di.ssoIving yellow phosphorus in methyl 
iodide, and adding iodine to the liquid, and 
slowly driqiping im-tliyl alcohol into the cooled 
mixture (Walker and Johnson, ('hem. ISoc. 
Trans. 1905, 1595). 

It fonns a cijourlcss liquid which turns 
liioAvn on cxjiosure to liglit owing to the libera- 
tiuii of iodme. It is extensively used in tlio 
))repaiati<)n of various aniline colours owing to 
the case with which it undergoes decomposition ; 
it. thus affords a ready means of intiuduoing 
the methyl grou]) into other conijuninds. 

Methyl nitrate ('ll,NO.,; h p. i»5‘'; sp.gr. 
^•2|(^7 at (i‘(“ikin, (’Item. iSoc. Trans. 

1881. iis2). 

Pi( purdlioii— '!{){) c c. }»urc wimd spirit are 
(lislillcd with ‘10 grams urea nitrate and 150 c.c. 
puic nitin- and (s]».<;>r. 1 31) imlil Iwo-lliirds 
liav*' rhstiKcii oil ; to the jcsiduc 170 < c. of 
methyl ulcoliol and J3(t c c. mine acid arc 
added, again distilled, and then 150 c c. methyl 
alcohol, 110 c.<. nitiic acid, and 10 gianis nica 
nitrfil<' aic added t(» the rcsidni', and di.'^tilluliou 
! again euntiMiied ((' Lea. .1. 1802,387). 
j ('an also Ik' }>iejiaied hy mixing methyl 
I ahHihol and suljihuiK' hckI. ami adding 2 jiailsol 
this liquid to a nuxtmc ol I part nitiic acid and 
2 pints siilpluiiic iicid 'J'hc di.stillatc is washed 
with potassium liiiliomije solution. Dclepiiu* 
rci-omnu-ndK the follow mg A nuxUiri' of 50 ( .c. 
strong sulphunc .‘ic,;! and 150 i .c. nicth;sl 
j alcohol cooled to 12‘' are caretully Jiddcil to ji 
mixture of 100 c.(‘ sl.rong siilj»lniii<' acid and 
I 150 (M'. mine acid (30"), cooled to 12", so that 
I tli<“ temjicialiiie docs not n««‘above 15^" Altci- 
i u!ir<ls the whole is .sliukcn with I0(t c c. strong 
siilphni'ic acid. After a few nniiiilcs’ standing 
the ester is sepaiafcd off (Bull Soe. chiin. jiii.J 
13, 1044) 

Mi'lliyl nitr.ali' is a coloniless Injuid with a 
pleasant smell; exjiloilrs when licatcd to 150^, 
or hy peicu.ssion. 

Methyl nitrile (JII.: h p. -12°; ppgr. 
of IkjukI 0-991 at 15"/. A gas, prepared hy 
treating 1 molecule midhyl alcohol with 1 molc- 
enh' ».seani\l nitrite (Berloni, (hizz. chim. ital. 
12, 438). Also hy the ju-tmu of nitric acid upon 
c()])]>(7 (or arsenioiis acid) and methyl alcohol, 
or [>v tlio action of nitric acid upon liriicine 
(Stjecker, Annalen,\U, 76). 

Methyl oxalate (('JI3),,0.3)4; m.p. 54°; b.p, 

163-3° (corr.) (Wogcr, Annalen, 221, 86). Oxalic 
ahid (dried at 100°) is mixerl w-ith boiling methyl 
alcohol, ami on cooling the ciyfttals ecparnti* out 
(Erlcnmcyoi, d. 1874, 572). 

Forms monoclinic plates, w-hich. by airtion of 
chlorine yield, lii-st, an oily li<iuiil oi' the com* 
position (Malaguti, Annalen, 32, 

49), and hy prolonged action in sunlight, a 
bi'dy (J2(.)4((’C'la)2, which cryHtalliBC.s in leaflets 
((-'ahoiirs, ibid. 64, 313). 

Mifhy} hydrogen oxalate H(OHg)C3D4. When 
oxalic ctliyl eater Ls treated in methyl alcoholic 
solution w'llh jiotasaium mothoxide, potassium 
metliy] oxalate is thrown out in the form of fine 
leaves (Salomon, Bcr. 8, 1509). Methyl hydrogen 
oxalate is a solid of low niclting-i^oiut which 
boils at 108°-1097 12 mm. (Anschiitz and 
ychonfeld, Ber. 19, 1442). 

Methyl oxide. Dimethyl ether ((JHaljO; b.p 
- 23 (>5‘^ (RegnauH, J. 1863, 70); -21° (Ber- 
thelot); Bp.gT. (air=l) 1*617. 
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Kornipd by heating molhyl alcnhol with eul- 
phiirio acid {Dumas and l’61igot, Ann. Chim. 
|ii.] 58, 13), ur with boron trioxido (Kbelmen, 
ihid. |iii ] D), 138 ; Annalen, 57, 328). 

1*3 parts of wood alcohol arc mixed wit h 2 
parts of sulphuric acid, and heated to 140'’. The 
gas evolved is passed into strong sulpliuric acid, 
which absorbs 600 times its volume; the gas is 
then set free by diluting tin' acid with an equal 
volume of water (Erlenmeycr and Kriechbaiimcr. 
Her. 1874, 609). 

Methyl ctlicr is a colourless gas with a 
pleasant odour; 1 vol. of water at^ IS'" absorbs ! 
37 volumes of the gas (Dntnas and Vehgot). It 
unites with hydrochloric, acid to form a com- ' 
pound ((.'11 3 ).^ 6 dl{'l, winch boiis at 2''’ (I’ikhIcI, 
Dull. Soc. ohim. [ji.] 24, 160, 211). 

(‘hJortJK SiiL'ilUnlioii Prodncis. 

('hUmmulhijl (ther (iHat'l OtTly; b.p. no-5'' 
at 7.59 mm. ; formed by hiinging togi'ther, in 
ddlused daylight, chlorine and excess of methyl 
oxide (Pnedol, Dull. Soe. chmi. jii.] 28. 171) U 
IS decomjioscd by wnlci’ into hydroehloiic ncid, 
tiiovyinelhyli'iic (<' 11 . 3 )), and methyl alcohol. I 

l')irldoni7)i<flii/l ilhn ((‘ID'(‘1)^0 ; 105'’; | 

sji.gr. i‘315 at 20''; innned by the ae.tion <if ■ 
eidorino u})on methyl oxide (Itc'giiault, Annalen, ' 
34, 31). 

TrimchloroimiliiiltUn! ((!H('l._;)^(); b.j». 130" ; 
s|» gr J '606 at 20" (Kegnault). 

Ihyl lihcr (('(.3j,);.t); b.]). 100 ' 
(witli deeuinposiiion); s]) gr.--l'i)97 ; by the 
action ot elilorine upon melliyl oxide m sun¬ 
light (Regnaiilt). Decojnposed by jie.at. yielding 
carbon tetrachloride and carbonyl <4iloiide. 
{See oho dc Soiuiy, Dcr. 1891, Itcf. 337.) 

Methyl phosphates. 

1. Normal ■imihi/l ’jdios-phuh' {< ‘II >4 ; b.]). 
197*2" (con*.); s)).gr. 1*2378 at 0” (Weger, Anna- 
Icn, 221, 89). From methyl iodide and .silver 
]thosphato (Hall, Cheni. Soc, Trans. .51, 751). 

2. IHnulhyl iiho'fphone. acid . 1 . 

syrupy liquid, produced when phosphoryi 
chloride POf’l^ is dro)iped into methyl alcoliol 
(Schiil, Annalen, 102, 234). 'J’he sails ai(‘ very 
soluble m water. 

3. MoiiomdhiiJ 'jdiosjdtoiir acid (Tl;,ll.^l ^)4 is 
produced when methyl alcohol is diopiied into 
})hoBpboryl chloride (Sehiff, i^inaleu, 102, 337). 

Methyl phosphites. 

Mwiomeihyl jihoKsphtie (.TlgiljTOg, a syrupy 
liipiid forme(i by the action of ])ho 8 }ihorus tru 
chloride upon methyl alcohol (SchilT, Annalen, 
103, 164). It is ini.seihle with ether, and forms 
salts which are amorphous, and are decomposed 
by water into methyl alcohol and phos]ihite 8 . 

Trtmdhyl pho.^philn ]’(0(dlg)s is a liquid 
boiling with partial decomposition at lh.5 . It 
is prepared by the action of ^Ijosphorus tri¬ 
chloride on sodium mcthoxide. Sp.gr. 1*1785 
at 15® (Jaehne, Annalen, 256, 2H1), 

Methyl salicylate Is 

the chief constituent of od of winter-green. 
Obtained by distilling a mixture of salicylic 
acid, methyl alcohol, and sulphuric acid. B.p. 
222*2®; sp.gr. 1*189 at 15715®. Used in per¬ 
fumery and pharmacy. 

Methyl sulphates. 

1. Hydrogen methyl sulphate, methyl nul- 
huric oftrf CH 9 HSO 4 . The free acid is an oily 
ody, whioh remains liquid at — 30®. Obtained 


from methyl alcohol and sulphuric acid (Dumas 
and Pciigot, Annalen, 15, 40), or from metliyl 
aicoliol ami chlorosuliihonu! acid in the cold 
(('laesson, .1. i>r. (3iein. |n.l 19, 240). 

Pirj>arolio)i .—One part of methyl alcohol 
i.s mixed with two parts of conccntfidcd sub 
phunc acid, allowed to stand m a warm place 
for some hours, diluted with wat(*r and ncutra- 
lis(*d with barium earboiiale, liltored and the 
barium precijiitatcd by the proper quantity of 
sulphuiic acid. Methyl sulphuric acid foriu.s 
salts with the metals, winch are soluble and 
readily cry.stalhse. On distillation it decomposes 
into dimethyl siilpiiate and sulphuric acid 
(('lae.sHon). . 

('hlondc Iff methyl s/i/p/oovc uCid (JlfaSOgOl. 
Methyl cMoiomdphonoh is obtaincil by dropping 
methyl alcohol into sulpliurvl cliloridc in mole¬ 
cular jiroportioos (Hclirciid, .J. pr. Chem. |n.] 15, 
32), or by parsing sul|tliur dioxide into methyl 
hypochlorite; (Sandiui'ycr, Her. 1886, 861), or by 
the actii'u of dilorosulphomc acid on methyl 
hydrogen sul]»haic 01 on methyl sulphate 
(Lcvaillant and Sinnm, (5impt. icnd. 1919, 169, 
140-234). It IS an oily liquid with pungent 
siiu’ll; (Icconiposod by w'atcr into methyl sul- 
pluiric and Itydrnclilciie n'«-i»ls. 

The same jiroibielH may he obtained by treat¬ 
ing nu'thyl ahohol witli sulphur dioxide and 
cliha me m the ion tif I molce,ul(“ of each of 

1 !)<• g.iHi s to 2 iin>l('cul(‘s of liio alcohol (Ifoako and 
Duiians, J*lng J’nt. 1192.50). Methyl idikirosul- 
])honaie boils at 42 '/16 mm.. 134 ’ 135"/7(>i) mm ; 
Ij'-" l'4i)2; ?ij; i-lM. 

2 . Htnuliujl .iHifihaie ((!H 1 ) 2 ^^, ; b.p. 1 H 8 ®; 

sp.gr. 1*33344 at 15" (P«*rkin, Chnm. kSoc Trans. 
ISS 6 , 78.5} By flistdlmg wood spirit with K or 
10 parts of sul)>hurie acid (Dumas ami Pdigot, 
Ann. (3uni. |iii.| .58, .54) or by di-stilling 
anhyilrous uH'lhyl Niil])hurie acid, best in ramd 
((‘laessoo, .1. pr. C3iem. (11 | 19, 244). Methyl 
sulphate is i)vepare<l by bringing together 
methyl alcohol (27 grams) and eblorosulphonie 
acid (100 grams) at - 10 " and then distilling the 
iiiixtuie under 20 nun. pressure at 140°. 'I'ho 
yicl<l IS 80 H3 p e. th(;oreti(!al. Fuming snl- 
plniijc aeid gives a yield oi only 42 J).e. (1). B I’. 
113239). By adding 4 ])artK oi 60 jm-. oleum t«) 
1 })ait of methyl alcohol cooled to - 18" and 
subsequently distilling the mixture under re¬ 
duced pressure, a yiehl of 90 }i.e. (<f th%theoretical 
amount is obtained. The Soci^ite Anonymo dcs 
Produits Clnmiqnes dc Fontaines in Lyon- 
Monplai.sir n.sos jiraetiealiy the same ])rocosR 
with carbon tetrachloride a.s a diluent (D. R. )*. 
193830). Ify treating cooled imithyl alcohol 
witli elilorinc and sulphur dioxide (Durrans, 
LT.S. Pat. 1317648). Haworth and Irvine 
(Eng. Pat. 122498) combine ilry dimethyl ether 
i and sulphur trioxide m presence iff a solvent 
which may conveniently con.sist of methyl 
sulphate itself. 'I'ho yield of dimethyl sulphate 
by the action of suJ]iliunc acid on methyl 
alcohol increases within limits with increase in 
the molecular j)ro]iorti()n of sulphuric acid. The 
complete rcat;tion appears to 1 )© a balance of 
thi’ce reactions : 

*H,8U.4 <;n,-()H:$(:H,-iisu, + H,o 
(:iI,'HS0,+CH,-0H=S,S0,+(CH,),0 
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Tn (*r(1er to obtain the l)eat yield of dimethyl 
Riilphate it is necessary to avoid tlie presence of 
water or of excess of methyl alcohol (Giiyot and 
Simon, Compt. rend. 19Hh lf>9, 05G). It is 
extensively used as a methylating agent for 
aromatic ^mines, the reaction being : 
Me2SO,+2U NH 2 -RNH,*MoIIS 04 HU-NHMe 
(Ullmann, Annalen, ,‘127, 103), cf. howe\'er, 
CJaesson and Lundvall (Her. 13, Qujiio- 

line and quinaldine arc botJi (ju.antjtatively con- ; 
verted into their ammonium bases by trentment ! 
with mothy] sulpliaU* m lionzoiii? soliilioii i 
(Ullmaim, f.c.). \t is u!s<» a veiy «.(»nv(“nn‘iit i 
reagent lor esUTifyiui^ aijds (Cdil (liaelM', ifnd. j 
344, 24‘!). On (lisUlliition umUa nsluccsl pres- . 
sure of the products obtained by the action of - 
methyl sulphalc on alcoh<ihc solutions of sodnirn I 
penta , letra-, or tn sulphide nul/n/l Insuljdiidc, j 
Me^S ,, has liecn oblmncd by Streeker (Her. liM)8, i 
1105. Cp. also Klason, ('horn. Soi;. Abatr. ISKH, : 
3,5()). A colourless liijuid with an odour lil.o that , 
of peppermint. J 

Methyl sulphides. i 

J. Hydroqvn /nrlhj/l Kidpludi’, vuihid a/'/- i 
n/pfa?i, rnd/nfl ^iilpiii/dr'i((, (’HgSIl ((ir<’gory, 1 
Annalen, J 5, 2.39); h.p. 5-K " at 752 min. (Klasou, ! 
Ber. 20, 3407); a"—0\S9-1. by lieatiny pot.as- j 
slum hydrogen milplndc willi ]iotassium mctliyl | 
Hulphalo (iHimas and IVligot), or by acting 
upon s-niethyl-is'o Un<n arbamide .sulphate (pro* 
pareil by warming an .u|ueous solution of tliio- 
carbanude witli inetlivl sulpliale) wit.li dilute j 
sodium hydroxide solution, when it is converted ; 
into oyananiidi*- and iiudliyl mercaptan (Arndt, ^ 
Her. 1921, 54, H, 2230) 11 is a I'olourlesN h((uid [ 

with a disagreeable odour and forms a crystalline, j 
hydrate with water by the ardion ol chlorine I 
u])ori (airbon ili.sul})lii<le miitaimng a little iodine, ! 
Perc}d(mm.(ihyl mouapUtn ('('l.^(38, a liquid i 
(b.p. 140“-148“ corr. ; sp.gr. O' 1 ‘712 at 12*8') is 
obtained (Ralhke, Annahm, HIT, 195). 'Plus 
sub-stanco is decompiwed by lieatmg to 200'" 
into carbon totracldmide and sulphur chlondc, 

2. Dimethyl sulphide ; bp. 37'1'^- 

37'3“at 754*7 mm. (Heckmaiiti,pr. ('hem. jii.] ; 
17, 453); bp. ,37'2° at 7,58 mm. (Klason, Hei. > 
20, 3407); 37*52“ (con.); sii.gr. 0*8702 at 074“ i 
('J'hor|K) and Rodger). Sp.gr. 0*845 at 21“ I 
(Kegnault, Annalen, 31, 2(i). Fiom potashium | 
sulphide and methyl chloride (Regiiault, Ann. I 
(/him. [ii.] Jl, 39)).' 

rrt’para/mw.—500 c e. methyl alcohol aie 
treated ■with 750 e.e. Bulphiiric acid, and a solu¬ 
tion of 2*75 kilos, sodium carboiiati^ (cryslals) is 
addod, and the solution concentrated until tlie 
sodium sulpliate crystallises out. I’o tlie solu¬ 
tion of sodium methyl suljihate .500 grains of 
potash dissolved in v.ater and half saturated 
with sulphuretted hydrogen arc added. The 
3 nield is aU'mt 150 grams (Klason, Her. 1887, 
3407 ; Chem. Soc. Trans. 1888, 3,50). Methyl 
sulphide is a colourless liquid with an unpleasant 
smell. It combines directly vith ehlonnc to 
form oily substitution jiroduets (OH^ClIalS, 
(CHClg),S, and (CClaIjS (Riche, Ann. (Jduin. 
fiii.] 43, 283). Bromine unites witli it to 
form a ciystalUne bromide ((^;H 3 )aSBr 2 (C’ahours, 
Annalen, 135, 355). It also forms many crystal¬ 
line eomponnds with various salts, e.g- 
{('H,),S*HgCU 

2(OH,)j8*?U‘l4), (Loir, Ann. Chim. [iii.] 


39, 448; 54, 42). U combines at ordinary 
temjier.aturcs with methyl iodide to form 
Irimethyl svlphine iodide ( 063 ) 381 , which crystal¬ 
lises in prisms. 

I By the action of moist silver oxide upon this 
I compound there is formed trhnethyl sidphine 
\ hydroxide ((•H,) 3 S* 0 H, an oily liquid which 
I possesses strongly basic profierties and forms 
: characteristic .salts with the acids. Sulphuretted 
hydrogen reacts with the base, yielding the 
hydrosulphide [(CHjaSjiSH, which on treating 
with one molecular jiroportion of the hydroxide 
yields the noiimd sulphide [(OH 3 ) 38 ] 2 y, whieli 
I'cscmiiles in its leactions the eulplndcs of tin* 
alkalis (Brown and blackie, (3iem. News, 37, 
13(1; 39,51). 

Methyl trisulphide (OH 1 ) 28 ., h.is been pre¬ 
pared by Strecker {si r abio'c Oimi thyl sulphate). 

Methyl sulphite ((■T10>80, or 
I) ]>. 121*.5‘7- sp.gr. 1*()4.5() at l(j*2“/4’'. ObUined 
fiom metliyl alcohol and sulphur chloiide ‘SjOl.,. 
(('anus, Annalen, 110, 209; 111, 90). Is iso¬ 
meric with ethyl 8 ul})hurouH acid UH*SO*OCJl 5 , 
and ethyl sulpiionic acid (-MIj 8 (J>*()H. 

Methyl chlorosulphinate Ol-SG.l-df, is 

formed when well cooU-d methyl alcohol is 
mixed Witli iluonyl chloride. Jt boils at 19'’713 
mm. or l02‘^/755 mm. with decompositum into 
sulphur dioxide and metliyl chloride. Ik reiidily 
deci>mposed l>y ivaler into sulphur dioxide, 
j liydrogen ehlondo, and methyl alcohol (Stabler 
and Sehii'in, bei. 1911, 44, 319). 

Methyl sulphonic acid (dl^SO,/(Hl, a syrupy 
IhiiikI decomposed at ab<m( I3(t’. By the 
actmn of lutne acid upon methyl thiocyanate or 
disulphide (Muspiatl, Annalen, ()5, 2(>l). Also 
by lieating iiiet-livl i*)didc with .soilium sulphite 
.Solution to 120“ (Gollmann, ibid. 148, I(t5), and 
by the reduction ot tncldoromethane sulphonic 
acid (Kolbe, ibtd 54, 174), and also by the action 
of clilonde of lime on methyl thiocyanate 
(de (/oninck, Compt. rend J2(), 828). It forms 
stable crystalline salts which are very soluble in 
cold w'atcr but almost iMS»4iible in aieohok The 
potassium compound decom¬ 

posed by heating with caustic iiotawli— 

(!H3*S0j0K-f3K0H==3H2-l-KX!O3-l-K..S03 

(berthelot, J. 1809, 330). 

For tlie reactions of methyl disulphonic ndd 
(ineHiionic acifl), ,xnd its apjilications in syn¬ 
theses, see Schroetei* and eoUaborators (Annalen, 
j 1919, 418, 101 ; Chem. Soc. Abstr. 1919, i. 510)* 

■ Methyl lulphimic ehlondt ClH3*80a(Jl; b.p. 
150°-153“ {(’anus); 100“ (Nithack); ap.gr. 

1*51 (Gowan, J. pr. Ghem. [ii.] 30, 281). By 
the action of phosphorus pentaohloride upon 
methyl sulphonic acid (Carius, Annalen, J14, 
142). It IS not acted upon by sulphuretted 
hydrogen or potassium cyanid'e in alcoholic 
solution. An iiioma forms an amid© 
CHj*S02’NH3 

which crystallises in long prisms (Gowan, be., 
also Chem. Soc. Trans. 48, 307). 

' Chloroincthyl sulphonic acid CH^Ol'SOj'OH, 

, an acid syrup obtained by the action of nascent 
hydrogen upon trichlororaethyl sulphonic acid 
(Kolbe, Annalen, 54, 168). 

Dichloromethyl sulphonic acid CHCij’SOa'OH, 
an unstable body formed by the action of zinc 
] upon triohloromethyl sulphonic acid (Kolbe, 
Annalen, 54, KU); also by heating chloroforrq 
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with a solntrnn of potassiuDi eulphiio to 180” 
(Strecker, ibid. HB, 92). The chloride 
CHCla'SOaCl 

(b.p. 170°-180'', 8 p.gr. 1'71) ia formed by the 
action of phosphorus pentachlorido upon the 
acid (Gowan, J. pr. Chem. [ii.] 30, 399), or by 
reducing, by means of sulphur dioxide oi 
stannous chloride, trichloromothyl sulphonic 
chloride (Kolbe). 

Trichloromcthyl snlphonic arid 
CGla-SOa-OH^HaO 

m.p. MO”. The free acid k obtained from the 
chloride by treatment with baryta, and precipi¬ 
tation of the dissolved barium by means of sul- 
phutic acid, the excess of sulphuric acid is then 
removed by meaue of lead carbonate and excess 
of lead by means of sidjihiireited liydrogen 
{Gowan, d. pr. Ghoni. fib] 30, 2H4). 

It forms small prisms which arc very stable 
and insoluble m water, but soluble in alcoliol or 
ether. It has strong and jiropeitics and is not 
alfected by nitric acid, aijua regia, or elirojmc 
tnoxide. j 

Trichlorotncthi/l aiilphomr thlondr ('('IjVSO^f'l 
(m.p. 13.')”, b.p. 170”) iorms camphorhke ei'ystal.s, 
and IS obtained by the action of moist thlorme 
upon carbon disulphide (Biazelius and Marcet, 
Gilbeit's Aiinaten, 4S, [(il). Bassett (('heni. 
News. 54, 79) reco«nieiids the following pioecss : 
100 grams of powdered ])otassiiiiti (ihloratc. 
200 C.I.. hyiiroidiloi'K" find. 400 e. water, and 
.')<f c.c. eaiboii disulphnie are mixed together and 
allowed to stand for some days until th(; carbon 
disulphide bccoincK solid ; the white solid is 
then removed by Jiltration and washod ; the 
yield is till grams. It is very stable and rejuds 
with diinndty or not at ail with aromatic amines. 
With secondary and tertiary organic bases il 
yield.s coloniing mutters. It also oxidises leuco j 
bases and tlinr flulpbonie acids to coloiiniig 
matters (Espenschied, G. It. V. 14021). 

Methyl thiocyanate GH ,%S CN ; b.p. J32-9 
at 757*2 mm.; s]).gr. 1‘OBB ato” (iherre, J. 1851, 
51). H.C. =398-95 cals. (Thomsen, Th. 4, 190). 
Gy heating methyl sulphide with cyanogen! 
bromide to lOt)” (Gabours, J. 1875, 257). By i 
distilling a concentrated solution of equal parts ' 
of potassium thiocyanate and calcium methyl 
.suljihate (Oahours, Anuahjn, 01, 95). Calcium 
methyl sulphate may bo replaced with ad¬ 
vantage by methyl sulplialc in theoretical 
proportions. • 

If heated to 180”-185” it is partially con¬ 
verted into the ijothiocyanatc. By the action 
of chlorine in daylight eyanuric chloride 
OlsfCN)^, thiocarbonyl cTdondc GSGlg, and tliio- 
carbonyl tetrachloride G 1 SGI 4 an? obtained 
(James. Ghcm. Soc. Trans. 5^, 272). By heating 
with methyl iodide to 100 ” t.umethyl sulphmo 
iodide (OHjlaSl is produced {(’ahours, J. 1875, 
257). 

Methyl wthiocyanate GHa-NGS, methyl 
7niUitard oil; m.p. 34”; b.p. 110” (Hofmann, BeV. 
1, 172). By heating the silver salt of methyl 
thiocarbamic acid (JS(NH'GHa)SH with wat(T. 
This acid is formed by the action of carbon di¬ 
sulphide upon mcthylamine. Methyl mustard 
oil forms white crystals whicli have a smell 
resembling that oi horse-radish. 

Methyl selenide (CHaljSe; l)^). 58-2”. Ob¬ 
tained by-distilling a solution of sodium selcmde 


(prepared from phosphorus peataseleiiide and 
caustic soda) with potassium methyl sulphate 
(JaeUsoii, Aimalen, 179, 1). A msagreeably 
amoUing Uciuid; with platinum tetrachloride 
forms a yellow compound 2 (CH 3 ).^Se*PtGl 4 , 
soluble in alcohol. It also uiutes with chlorine 
and bromine (GHjl^jHeGK, m.p. 59’5”; 
{Gl^)„SeBr„, ui.p. 82”. 

Methyl diselenide (GHjlgSoa, a heavy, red¬ 
dish yellow liquid with very unpleasant odour, 
j formed wlien potaflsium diselenide is heated with 
potassium methyl sulphate (Wdhler and Dean, 
Annaleii, 97, 5; Uathko, ibid. 152, 211). 

Mktuylamdiks.' 

Thtw arc cumpound.s with strongly marked 
ba.sic piojiertics, denved from ammonia by the 
rejilacenicnt of one, two, or three atoms of 
hydiogen by an equal number oi methyl groups. 

Methylamine (GHjj)NH.^, monomethylaminc ; 
h.}>. —9” to -5-5” at 798‘35 mm.; crit. temp. 
15(»'9”; crit. press. 73 (> atm. (Borthoud); sp.gr. 
U-099 at —19-8” (Hofraanu, Ber. 22, 099). 

Orcurrenrr .—In the oil yielded by the dry 
ihstillatioii oi bone (Anderson, Annalen, 88, 44). 
In tlic plants Mcirvrmli'i ajinwi (Jjiiin.) and 
M. (tcrniMi, (Linn ) (Bcichardt, J. 1805, 457). 
in liernng bnm? (Tollcns, Zcitsch. Gliem. 1800, 
510) and m the products of the putrefaction of 
(i.sli. In ( Hide wood spmt (t'oinmadle, J. 1873, 
080; Vincent, Ami. Glum. [v.J I, 444). 
in tlio jiroducts of the dry distillation of the 
residues from beet-sugar ‘ viimsscs ’ (Duvdlier 
and Buisinc, Ann. Glum, [v.l 23, 317). 

Ill the. pioducls of distillation of bran with 
lye (Laycoek, Ghem. News, 1898, 78, 210, 233). 
In tlic products yielded by the dccompo.sition of 
I lihrm by Unplocorct (Kmmeihng, Ber. 1897, 

I 30, 1803). 

I Fonnalion. —By tlie action of caustic potash 

upon methyl lio-cyanate or iso-cyauurato (Wurtss, 
Ann. (711111. [iii.J 30, 443). From ammonia 
and methyl iodide (llofmaiui, Blul. Trans. 1851, 
381) or methyl nitrate (G. Lea, Ghem. Nows, (i, 
j 40; .luncadella, Gompt. rend. 48, 342). By 
j heating wood sjiiiit with sal ammoniac to 300” 

I (Ihifthelot, Ami. (7um. lui.) 38, 09). 
i If a solution of formaldehyde and ammonium 
chloride i.H heated, tin* former, whether present 
in excess or not, acts on the tnmcthylciic 
tnamme first foimed and yields methylarnmo in 
theoretical quantity. If the ammonium chloride 
IS m large excess, the amine is very pure; if the 
aldehyde is in largo excess, trimethylaminc is 
the final product (Pidchl, Ber. 21,2117 ; Brocket 
and Gambler, (.’onipt. rend. 1895, 120, 567; 
j Kschwoilcr, Boi. 1905, 38, 880 ; Koeppon, Ber. 

I 1905, 38, 882; Knudse.u, Bor. 1914, 47, 2694; 

I Werner, (.'hem. Soc. Trans. 1917, 111, 844; 
j Jones and Wheatley, J. Amcr. G>»em. Soc. 1918, 

1 40, 1411). 

) Gliloropiciiii treated with iron filings and 
I acetn? iicMi (Geisse, Ann. 1859, 109, 282) or tin 
! ainl bydrocbloiie acid (Wallach, ibid. 1877, 184, 

I 51) yields nioiioiuethylamme: 
i GGIj-NU,+12H---Gll3-NJl2i-3llClT2HaO 
! (t/. Frankland, Ghallenger and Nicholls, Chem. 

' Soc. Trans. 1919, 159). 

i Mcthylamines are produced by heating 
: ammonium methyl sulphates at about 260”, 
! when the yield of methylamine is about 27 p.c. 
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ot the thoorelicft! yield; wfaeu a mixture of j 
ammoiuuiu iiiuthyl sulphate with two eqiiiva* j 
louts of ainiiioiitiini benzene su][>honato is j 
hc.ited tiu' yield <>f nictliylamiDO is about 50 p.c. ; 
of tile thcofetiu.il amount {cf. Werner, (liem. 
Sou. Tjuj*h. I0J4, i()r>, 27(>2; Denham and 
Knapp, ibid. 1020, 23b). Tlu'v ari^ also buinod 
by healing methyl ali-ohol under jm'.ssnre with 
a mixture of ammonium uhloiide and ziiiu 
chloride. The yields are 55-0, 7 .5, an<l 1 Hb 
respectively of mono-, di-, and tri-methylanmie. 
calculated on the weight of Hk* .immoimirn 
chloride {Turner and llow’ard, J. Aiiier. Cliein. 
Soc. I!)2(), 42, 2bb3). 

By heating caustic polasli with certaiu alka¬ 
loids—e.{/. morjihme, codeiiu", i-n“atine, \<‘ 
(Werthoini, Annaleii, 73, 2J0; Dessaigm.^ d 
1855, 331). I*y the actum '>f eldoiine upon 
catfeine or tlieobromine (Bochh^li-i, J. JM.50, 
435). lly the aetioii of miscent Jjydiogen. 1ji»iii 
zinc and sniphune m id, iijarn hydroeyamr avid 
(Mendius, Aiiii.deii, 121, lihl). Jiy jmshiiig a 
str(*am ot hydrogiui and liydroeyaiiii' aeid g.ia 
over plaljiiiint biaek, heato<l 1" (DcIjiis, 

(3ieni. Sou. 'I'l-ans. lb. 2411). 

By tlie reduction of liexaim lliylenelelMrninc 
with zinc dust and liydroclilone acid (D. K-. i’. 
73812); of formaimde with Hoduini in amyl 
alcofiol solution ((vumhet, Ibill. Soe. chim. |ui j 
21, 780), or ol mkomethaiic electrolylically 
in sulphuiic aeid solution at 70"-75'’' {l‘iei ioii, 
thid. oS3) 

Frrpnrdifoii. —Mqual molecules of mctli}! 
nitrate nml anjinonia dissolved iii methyl ah oliol 
are heated to 1’he product is decomposi il 

by caustic .soda, and the base uoinluiicd willi j 
hydrochloric aiad, tlio dued uhh*ride js t.licu ] 
hoate(i with caustic soda, aiul tliu libei.iled ; 
nieth>lamine passed into snlplimic .uid, the ^ 
sulphate ia diied at llO"" and treated with! 
abaoluto alcohol in winch tlie di- and tn-nictliyl- 
amine salts are soluble; (lie insoluble mono- 
methylamine siil]jiiate is tJien decotnpo.sed by 
pota.sh, and the free methyl.imiiK' passed into a 
eonled solution nt etli^l oxalat-e. 'Die nisultiug 
di-methyl ox.uiiide is dissolved in hot water, 
filtered and rccrystaliised, then decomposed by 
caustic pota-sli, and the gas passed into absolute 
alcohol (Duvdlier and Buisme, Ann. Chim. 
[v.] 23, 324 ; r. also Muller, Bull. Soc. chim. [li.] | 
42, 202 ; (3icm. Soc. Trans. 48, .5tU). j 

Jt can alsi^ be )>re}iared by the interaction of 
acetaiuido and bromine in caustic potash solu- j 
tion (ilufmaun, Bcr. 1882, 1.7, 705: 188.5, 18, 
2741; Francois, ('ompt. rend. 1908, 117, 080): 
or by heating fonn.ddehydc with ammonium 
chloride at 40®-95^ 

Methylamine can be prepared clectioly lieally, 
cheaply and conveniently, according to the 
following jiroc^^ss : An oloctrolytie cell, provided 
with a diaphragm si-jiaialnig the cathode and 
anode, istilledw'ith aBolutum of sodium sulphate, 
and 140 grams hexamethyloiietctiunune is 
added. The electrolysis is carried out by moans 
of load elecirode.s and a current of 3 anj]>eres 
per square decimeiro. 'i’he alkali formed at the 
cathode is neutralised by the careful .addition, 
drop by drop, of dilute sulphuric aeid. The 
t-emperatuic must be kept at about 20'’. Methyl- 
amine and triniethylairiiiie are thus formed, and 
can be separated in the ordinary way. Ammo¬ 
nium sulphate can replace the sodium sulphate 


(J). Jl. 15 1480.54 ; Frdl. 1902-04, 2«; m’C u/'-'o 
D. LI r. 143197 ; Frdl. 1902-4)4, 25). 

Comniercijil methyl sulphate is added in 
small portions .it a time to excess of a 10 p.e. 
a<|iicoiis .soltiti(»n of ammonia at -5'’. The 
[iroduct is then ailded to an excess of a 30 p.o. 

I aquemiK solution of sodium hydroxide, and the 
mixture IS distilled, the issuing gas being col¬ 
lected in 20 p.e. hydrochloiie acid. The methyl- 
ammo li\dioc)ilondc is separated from the 
ammonium eiiloiide by ti'actional crystallisation, 
and i.s linaliy jmrilied by reerystailisation from 
j :dcoh<t] (Biirmann, Bull. ISoe. ehim. 190b, fiii.] 

! 3.5, KOI) 

According to Berlhcaume {itnd. 1908, 14b, 

I 1215} this iiK'tliod of .M<‘pai<ation is of very little 
use (Fleck, d. Amei (^hem. S( ■. 189t>, 18, b7tt). 

A liettcr mctJiod of srpar.iluig the three 
amiues iluui Die one given nbovi‘, i.s t't treat th(! 
eomciitr.itcd solution of their Jiydiochloiidcs 
with caustic soda and collect, the gas (“volved 
111 forimddiJiydc Tlie liijiitd is now treated 
j with an equal weight ot caustic potash, whereby 
the greater pull ol Dh' tnmethykumiie is evolved, 
wiiiist the methyleni' derivatives ol mono- iuid 
di-meDiylamiite lemaiii in solution, and can 
lie fiaelionated by distillation. Tlie amines me 
n'geneiateil by boiling the condensation pioduets 
I with .ileoholie liydioehlonc acid (Jtclepine, 
it'ompt.Kiid. I8'i(;, I2J. KM>1 , Ann Chini. 1K9(>, 

' [vii.l S, 13!>). 

MetliyJamiiie may lie separated from am 
nionia by shaking tfie aquc(-us mixture of the 
two sidtstame.s with yellow mercuric fixide 
dui mg .in lioiM. 'I'hc liqi.oi is then decanted and 
distilled, when juin- melh)l;unim is obtained, 
providing m* otliei- nitrogenous bases are 
juescut in the impure liquor (Fr.iiifojs, d. 
I'harin. ('him. J9(>7. 2.5. .517, 523 , Coiniit remf. 
J907, J44. 5t.7; thid. 1908, i47, 428). 

35* ilisluigujsh Die three amines fiom am¬ 
monia the .solution is iieiitialised with hydro- 
chhiric acid and I'vajioiatcd to dryness. The 
residue is dissolved m 9.5 p.e. alcohol, and .5 c.c. 
ol tlie aolutiun I.s he.ilcd at 70'^' 75" with a few 
grammes of tctrachlorobenzoqiiinone. If any 
of the amines are present a violet coloration 
IS prodaced, whereas ammonia gives no colora¬ 
tion (Tsalapatini, Clicm. Zentr. 1908, i. 299). 
For the iletcction and estimation ot ammonia in 
the mothylamines, sec Francois (Compt. rend. 
1907, 144, 857). Methylamine can be dis¬ 
tinguished fiom Die di- .and tri-amines by treat¬ 
ment with Is'essler’s leagent, with W’hich it gives 
; a yellow precipitate insoluble m excess of water 
' and reagent. The other two amines foim a 
I white precipitate, which disappears on addition 
j of water (Delepiue, Compt. rend. 189ti, 122, 

^ 1272). 

j Methylamine is a colourless gnw 

j witli a strong .'inimoniaeal smell. It is very 
I intlamiiiable aiul burns with a yellow flame ; it 
. is dceom])08ed at a red heat into ammomn. 

; hydrocyanic acid, hydrogen, and marsh gas. it 
j IS very soluble in water. 1 volume of water at 
I 12‘5‘^ ilissolvmg 11.50 volumes and 959 volumes 
I at 25°. The solution behaves like liquor am- 
i motua; and yiehis erystallisable salts on neutrali¬ 
sation with acids. 

Heat of neutralisation with hydrochloric acid 
=26’9 cals. (Muller, Ann. Chrm. 1888, (vi.J 
15, 517). For salts of methylamine, which, as 
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a rule, reaamWe those of amuioma, r. WuiU, 
ibid, [iii-l 30,443; Topsoe, J. 1883, <H8 ; Bailey, 
Ohem, Soc. Trails. 45, 002; I'etit aud Bolo- 
nowaky, Bull, Soo. (shim. [iii.J 0, 1013 ; Uroclict 
aud Oainbicr, tbtd. 13, 530 ; Jarry, Coinpt. rend. 
1807, 124, 004 ; Amcr. <.:heni. J. 1800, 22, 

437 ; Itagland, ibtd. 417; Lciihcr, J. Amer. 
(4ieHi. Soc. 1808, 20, 572 ; Dunstan and (ioul(l> 
lug, Ohem. Soc. 'I’rana. 1807, 570; Ladeiiburg, 
Bor, 1800,20,2711; Wendo, t/nti. 2710 ; KiMtojj- 
j>.irt, (bid. 2530 ; Bartlieil .ind Broich, ibuf. 1807, 
30,018; Keimer and Tatel, i/nd. 32, 3228 ; llclc* 
pine, Ami. Chiin. [vn.J S, 401; (Joinpt. 
rend. 1800, 122, 1272; Hofmann and Marburg, 
Annalen, 1800, 305, 101 ; Lang, (dictn. Soc. 
'Prans. 1003, 724 ; Keiigadc, Loinpt. rend. 1005, j 
140, 240; Francois, ibid. 1000, 142, 1100 ;■ 
Littciychdd, Arch. IMiarin. 100*1, 212, 37 . 1 
Uuarcschi, (4icin. Zeiil-r. l8!H, n. 020 ; (Jliiihlcn- ^ 
Ncn, .1. pr. Llioni. jii.l 45. 350, COdbnT and i 
Wocsrnle, Bcr. 100(), 30, 4134. j 

Mcibyiaininc, like aiuinojii.i, in .npieuuH [ 
Holutiua precipit.ilc.'^ iin-l.illtc ii_>dii)xi(b-s from 1 
Bolulinjia (d many sallM; Iml. iinlilu' aininonia, , 
dlHSi‘l\eti. sslini in c.vccsh, the liyilio.\idc oil 
aluiniuium, win icaa it lails lo diK,s<)lv<^ llie i 
hydn>.\nU'.s dI ciidauuin, meke), and isMball.. I 

When nieUiylanime is oxidised ^\llh mono- j 
jiei'iulphuiie acid (taro’s acid), iiei;nrdiiig to i 
Bamberger and Seliginati, it imdeigiaH ibe ' 
lollowing changes : 

CHjNH ->ai, Ml Oll^A^'ll. i\Oll-.^eitlier 
Uli-Cil.NUll <u 

liydrogeii cyaiudt' also being loiini'd (Bcr. I0ti2, 
3 . 5 , 4200). Unblie the di- and 1 1 i-aiiiines, it. is 
leadily deeoiujKssed by ciiiomiu acid with 
ovuluiiou ol mtiugcii ((xiiunck and (’oiiibe, 
Compt. rend. 1.808, 127, 1221 ; 128, (i82j. 

Mcthylaniiiie interaets with cyanogen 
chloride in cold ethereal solution lonning 
principally •'■-ilinietbylguanidinc liydrochloride 
and also m<'thylcyanamide (Kaessi and (.Jtruszkie- 
wicz, Bcr. 1002, 35, 3508). 

U also reacts slowly with sodium phosphate 
aud inagiiCoium sulphate in dilute aquious 
solution, lonnmg methylaniinc magnesium j»hos 
phato (fc'rangois, 4. J’harm. (.'him. lOOs, 2S, tit>) 
Neither di- nor tn-mcthylamiues react thus. 

Jjiquid methylainine is a very good solvent, 
for organic compounds, anfl combines leadily 
with both orgamc and morgamc cumpoimds, 
forming addition products (Hibbs, J. Ame^;. 
Chom. 80 c. 1000, 28, 1305 ; IlochstcUer and 
Kohii, Monatsh. 1003, 24, 773). JAir a munber 
of addition products with inorganic substances, 
.“ICC Boimefoi, C'»mpt. rend. 1807, 124, 773 ; 127, 
510; Jarry, l.c. ; and Ann. Chun, [vii.j 27, 
370; Matthews, J. Amer. Chem. ^oc. 1808, 20, 
820 ; Lenher, ibid. 1000, 23,• -^80 ; Moissan, 
Cumpt. rend. 128, 20 ; Lang and Jollitfe, Chem. 
Soc. Proc. 1003, 147 ; lilphraim ami Weinberg, 
Ber. 1900, 42, 4447 ; Ekeley, J. Amer. Chem. 
Soc. 1909, 31, 004. 

In the presence of sod, calcium carbonate and 
oxygen, methylamine is converted into ammonia, 
and finally into nitrites and mtrates (Demoussy, 
Oompt. rend. 1898, 120, 253). 

Under the influence of the silent electric 
discharge methylamine evolves mtrogen (Berthe- 
lot, ibid. 775; see also Mixter, Amor. J. Sci. 
1898, [iv.] 0, 217). 


Methyl chloramine MoNltd is obtained 
by distilling methylamine liydrochiuiide with 
s^um hypochlorite (Bei^. Uompt. rend. 1893, 
110, 887). It is a colourU'Ss volatile oil with a 
jnquant irritating odour. 

Methyl dichloramine MeNCl^ is obtained by 
loading ehlorino into aqueous mofliylaiuiuo 
(Kohler, Bcr. 1878, 12, 771) or by th<'- distillation 
of methylainine hydrochloride with bleaching 
powder (Bamberger and ItenauUl, Ber. 1895, 28, 
I()y3). It i.s a goiden-yi'llow liquid, b.p. 5'.C-00‘’. 
iSimdar bromo and lodo coiupouiid.s aio also 
known (Uebii, J. Amer. (4ieni. »Soc. 1909, 31, 
123). 

Methyl nitramine MeNdiJl is obtained by 
ti’oatimr S-dimethyl diiijtro-o.xatmde with barium 
bydroxido (I'lancbiiuonf, Koc (rav. chiin. 189J, 
13. 313; 321, .331; also v. Bcehmunn, Bcr. 
1897, 30, 017). It forms long noodles, in.p. 38A 
ic.idily s'>lubl(# m water and in aloobol. On 
)i'iliirii<iii with aliuQimuni amalgam aud aqueous 
aleolcil it \ u1(!h tliazoiiielhaue, whilst with zinc 
and liydroeldoi'ic <iud it is reduced to imdhyl- 
aiiuii'', liydr.v/.iin' and im-tiiyiiiydiuzine ('J'hielo 
aud Mryct, IVt 1890. 29, 902). When heated 
with /i n.iplithol, /:l-iiaphthol methyl otlier is 
I'll iiKit witli evolution ot nitrogen (rranuhmiont 
aud Uiubgiove, lire Ivav. (dniu. 1897. 15, 216). 

111 on us a nil tuber ol iiieLallie salts (Franchiinont, 
h ; J.ey and Kissel, Ber. 1899, 32, 1304). 3’he 
salt KMeOjNa, ui.p. 220'3 explodes 
on JieaUiig or on being struck. 

Thionylmethylamine MeN : ISO is an oil 
which fumes in air, b.p. 58''-59' (Mieliaelis and 
ytoiliecK, Amudeii, 1893, 274, 187). Metliyi- 
j ainiue deiivatives ol vari'jus idiphatic acids are 
j desuibed by Ludeii, Bock and Iteid (Bcr. 1905, 
! 38, 2030). F')sse (Cuiupt lend. 1900, 143, 914); 
' Tatel ami WuHsuiiilh (Ber. 1907, 40, 2831); 

I Benaiy(Ber. 1909,42,3912); Cansser (ZeilseJi. 

! jdiysioJ. (dicin I'.MK), Ol, 10); Fmirneaii (Bull. 
.Soe chim. Jt)09, [iv. I .5, 229); also H. It. Bl*. 
l!ts30t., |!>08 ; 2O2I07, J909. 

Methylaminoanthraqulnones are ]n (spared by 
diHsolvmg a mixture ol the desired ammo- 
deiivative of autiuaquiuuue aud formaldehyde 
111 cuncenlrated Huli>huric acid and warming to 
55"-00'‘ (i). K. r. J50050, 1905). 

a-MetbylaminoanthraquiDone, m.p. is 
(ibtamed by treating a-monoiutroanthraquinone 
with metbyUmiue solution (I). K. V. J44034; 
Frill. 1902-04, 201). , 

j 1 - Metliylaminoanthraquinono ■ 5 • suipbonic 

j acid SOjH'CaU3<^yx( 

! tile (Uanuiio compound 

; NHMe-CaH3(CO),CaajNllMo 

■ are formed by treating potassium I : 5-aatlira- 
i qiunouodisulphonatc. w'lth aqueous methylamine 
: at 1.50\ The polas.nuni salt of, the former 
I erystaliises Ironi water in viohq-brown needles. 

I Other metliylaimno authraquinoiie sulphonio 
i acids are oblauied sinuiarly (I). R. B. 180722, 

1 1907). 

1 For other derivatives ot mcthyianiine 
i antliraqum'inii whicli are used as dyes, see 
\ D B I'B. 150759, 10479J ; :hdl 1905-07, 293, 
I 28(L, D. R. Vi\ 212470, 1909 ; 220314 ; Chem. 
iZenlr. 1901, 1 . 1300). 

I Methylamlnoaeetoeatechol 

' • C,Ua(OH)aCO-CH,-NHMe 
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is formed by warming geiitly chloroacetooatechol 
with an exotjss of methylamine. Jt is a w'hite 
crystalline powdei' lUnkcniug at 200® and decom¬ 
posing at about 230®. Ecrric chloride gives an 
emerald-grccn colour (1). It. V. 162814 ; Dakin, 
Cheni. Soc. Proc. DK}5,164). When reduced and 
then treated with ainmoma, it yields methyl- 
ammo-o-diliydroxyphenylothiinnl, m.p. 208®, 
which is an astringent, and has iitcmostotic 
projiertics (J. Soc. (Jhein. Incl. 1000, 1006). 'J’he j 
ethanol yields a hydrochloride, m.p. 167® 1 
(D. H. l\ 202100). ; 

Mcthylamiiioquinoncs are de.senbcd by Pieh- i 
ter (Annalcn, J008, ,301, :10;{). j 

2-MethyIamino 8 methoxyquinoline crystal- i 

lines in sdver prisms, m.p. 161and forin.s a j 
crystiiilino nitroaamine, m.p. 180'' (Inscher, Jler. 
11)02, 36, 3074). | 

Methylaminocamphene has b.j). 202®-2037 j 

760 jiim. [a], ,+28-7® (Forst<T and Micklethwait, i 
(diem. yoc. Trans 1004, 334). ' 

Methylaminocoumarins are de.scrihed by i 
V. Pcchmaan and ydiaal (Her. 1890, 32, 3000, 
3000) ; and by Morgan and Micklcthwait ((Jliom. 
8oc. Trans. 1004, 1238). 

Methylaminothlazoles an^ do.sciibed by I 

Voung and (k'ookos (Ciiem. SdC. Trans. 1000, (>8). | 
Uracils by Wheeler and •lanurson (Amei. ciiem. i 
3.1004,32.342). 

Dimothylamine ((Tl 3 )_;Nll ; b.p. 7-2®-7’3® at j 
704'J mm.; cut. t<‘mj>. 104-0', cnt. jimss. ! 
62-4 atm. {Ikirtlnnid); sp.gr. 0-0806 at - 6-8'"' 
(llofinaim, Her. 1880, 22, 000). Prom methyl | 
iodide and ammonia (Hofmann, .1. 1802, 320). I 
In small quantity by distilling the compound ol : 
aldehyilo aimnonia and Hulpluirous acid with 
caustic lime (I'etersen, Annalcn, 1867, 102, 317). ' 
In the juilrefac-tion ol lisjies ; occiir.s in lierting ■ 
brmo (Hockhsch, Her. 18, 87, 1024). Is obfaim-d ' 
together with methylainme by the fiction of : 
methyl alcoliol on iiliospham (sr/' Md/ii/hiirunr; i 
also Vidal, t.diciu. Zentr. lN07, n. 617). I 

]>iodiict ot tin; action ol | 
amriiouia upon imAbyl iodide (consisting of the i 
hydriodidos of mono-, di- and tri-methylammc f 
and tetraiucthyJammonium iodide) is treated ! 
witli alcohol m order to remove (he last-iucn- , 
tii»ncd compound. 'I'ho residue on treatment , 
with caustic iiotash yields the free bases which [ 
can be jiartially sejiarated by coiiflensalioii, tlie ' 
more volatile monoim^thylamine o.seuping cor*- j 
deiisation laay be received iii hydrochloric acid. . 

The mixture of the free bases is then treated 1 
with ethyl oxalate, tlie trimcthylanime jcmains | 
unacted upon, the dimethylanniio is coiivt-rlcd ' 
into the ethyl ester of dinieth} ! oKamic acid, j 
whilst the mono- base is converted into dimclln 1 ' 
oxamide. The latter is diHieultly soluble in cold ! 
water, and is thus separated fiom the dimetliyl- ■ 
amine ccunpound, which is then di,'tilled with’ 
potash '' 

(Cli:,)..N'('2O2((>0.Jl5)42KOH 

= (K0)2(J20,d-C2H6Uil |-(t'H,)-NlI: 
The alcoholic solution is iieutialiHed with ' 
liydruchloric acid, evaporated to dryness, and 
decomposed by caustic potash. I’ho liydro- 
chloride of dimothylamine can be freed from ■ 
admixed animomum chloride by treatment ivith ' 
chloroform, in which the latter is insoluble i 
(Behrcnd, Annalcn. 1883, 222, 119). I 

By the reduction of a mixture of fortnaidc-1 


hyde and methylamme with zinc-duet and 
hydrochloric acid (D. R. P. 73812). 

Diracthylamine can be obtained by heating 
thiodimethylamine (186 grammes) with sulphuric 
acid chloihydi m (liW grammes), the temperature 
being raised gradually and the mass finally 
licaUfd for 2-3 hours at 130®'160®. On cooling 
the product is shaken with ether to remove 
benzoncthiochltiridc, and the residue is treated 
with wiiter, made alkaline, and the dimethyl* 
amine is separated by distillation in steam 
(I). U. P. 106870 ; Prdl. 1807 -1900, 34). 

An almost theoretical yield of dimethylamine 
liydrochloride obtained by adding powdered 
tiitro.sodimethylaiuliiK' hydrochloride and a few 
zinc shavings to a nearly boiling, dilute aqueous 
solution of sodium hydroxide, the amine being 
ab.sorbcil jn eoiicentrated hydrochloric a<-id 
contained in a j^cligot’s U-tulc (.Menscbulkiii, 
J. Russ. JOiys. Cliciii. Soc, 1808, 30, 243 ; Norris 
and Laws, Amer. t'heni. J. 1808, 20. 54). 

The fh-o base cun be liberated by tieatment 
with caustic soda. 

Dimcthvlamine is a colourless, 
inlluiiimable liquid witli a .strong ammoniacal 
sm(“II. Bromine acks upon an aqueous solution 
forming chmethylamiiK' liypobiomite and bro¬ 
mide N((MlB,li-HBrO and NJllClfD^lIBi ; 
or, d tin- biomini‘ be in excess, the unstable tn- 
bromide N((.'H a ytll(»w tlocculcnt precipi 

tate, IS obtained (Raschig, Jici. 188.6, IH, 2260). 

At (k It coiulmies directly with two atoms ol 
bidiuiuc (Hemseu and Norris, Amer. Chem. J, 
JS, 04). 

When <>xidise«l with hydrogen jMU-oxidc it 
yields nitioiis acid, toimaldi-liyde and formic 
acid (Diiiistaii and (Jouldmg, Lhetn. Koc. Trans. 
LS'.iO. 100!>). Wifli Nc.s.slcr's loagcnt, dimethyl 
.umtu; gne.s ;i white pivcipitule. 

Wlien lieated witli liydiogeii at 820®-! 120“, 
liydrocyjiiiK' acid, nicthuiic and umniouia aie 
foimcd, the Ji'lativc quantities of the products 
ilepcnding on tin; quantity of hydrogen present 
(Vocrkchus, ('hem. Zeit. lOOO, 33. 1026, 1078, 
1000 ). 

Dimethylamine foims s.dts resembling those 
of ammonia (Topsoe, J. 1883, 018; Delepine, 
Ann. (JIum. jvii | 8, 460; Norns and Laws, 
l.r. ; ' and 400 ; Ragland, l.c.; Cook, l.r. ; 
doigensen, Zeitscli. amug. Chem. IIHM), 48, 374). 

Ihiiiiihijlaintne dikydnxhlondf is a white 
erystallme sub.staiK^c formed by passing di-y 
hydrogen chloride into the base or into tho 
normal hydrochlondc (Kaullcr and Kunz, Ber, 
1000, 42, 386). 

Dimethylchloramine Mc.NCl, b.p. 40®/705 
mm.. IS obtaiiu'd m the same w'ay as tho mono* 
methyl deiivative, and has similar properties 
(Berg. /.( ). The aure.spoiiding bromo deriva¬ 
tive li!iK b.}). (8ehwanoft, Ber. 1893, 20, 

423 ; Willslutti'i and JloUcnrutli, Ber. 1904, 37, 
1776). 

Other halogen derivatives are described by 
Cohn (3. pr. Chem. 1897, [ii.] 06, 346) and Knorr 
(Ber. 1<K)4. 37, 3,604). 

Dithiodimethylamine S 2 (NMej ,)8 is a reddish- 
yellow liquid, b.p. 82®-83®/22 mm., 170®- 
180''7760 mm. (dccomp.). It is decomposed by 
acids into tho amine, sulphur, and sulpliur 
dioxide (Michaelis and Luxembourg, Ber. 1896, 
28, 166). 

Dimetbylnitramine Me^O^Ng forms bright 
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colourless needles, whilst the isonitramine is a 
liquid, b.p. 112° (BVanohimont and Umbgrove, 
l.c .; LaoWan, Amor. Chem. J. 1899, 21, 483; 
Bamberger, Ber. 1895,28,402; Kirpal, ibid. 537). 

Dimethylamine acetone NMo./CHj*C()Me is 
prepared by adding chloracetone to an aqueous 
30 p.c. solution of dimethylamine. It is a ! 
colourless oil, b.p. 123°, raisoiblo with water, ■ 
yielding a platinochloride, which forms beautiful 
crystals, m.p. 170° (docomp.). It also yields a 
hydrochloride; anaurichloj'ido(m.p. 14.5°-14()°); 
a methiodide (m.p. 108°); and an oxime, m.p. 99° ' 
(Stoermer and Lzimski, Her. 1895, 28, 2220; 
1896, 29, 866). 

Methyl dlmethylamlnoacetate is a volal tie oil, 
boiling at 135°. 'Ihe cr)rre8ponding ethyl coni- 
pouna boils at 149°-150°. 

Methyl ^-dimethylaminopropionate 

NM2-0Tr,-CIl2’au..Mo 

b.p. 154‘5°, yields a methiodide. m.p. 19l°--192° 
(docomp.), which, when warmed «ith alkalis, 
gives acrylic acid and tiimethylamiiK', whilst 
with silvicr oxide it gives )3-trimothyliu<)piO' 
betaine {Willstattcr, Ber. 1902, 35, 584). 

Methyl-ydimethylaminobutyrate has b.p. 
171 b"-!73 ', an<l yields a crystalline aunchlondc 
and picrate. 

Dimethylamlnodimethylacetal is a coiouilcss. 
mobile liquid, b.p. 137’5°, which has no reducing 
properties. Other (iirncthylaiiMno derivatives 
of aliphatic acids have also been prepared 
(Willstattcr, Ber. 1902, 35, 1378). 

Diiiicthylaniino derivatives t)i‘ idiphatic 
hydrocarbons arc described by Willstattcr (lier. 
1901, 34, 129; Aimalen, 1903, 326, 1); T)uden 
and Lemme (Ber. 1902, 35. 133.5); llochstetter 
and Kohu (Monatsh. 1903, 24, 773); Bouveault 
(Bull. Soc. chini. 1904, [m.] 31, 1300, 1322). 

A number of methyl and tliiiiethyl aminu- 
carbinol derivativc.s of the type 

RiR,C(OII)CII..N31,U4 


can bo separated from the urine and has also 
a strong diuretic action (Forschbach and Weber, 
Arch. exp. Path. Pharm. 1907, 56, 186). 

Limethylaraine reacts in equimolecular pro¬ 
portion with polyhydroxyaromatic compounds 
forming addition products with aij alkaline 
reaction which can bo used for developing in 
photography without further addition of alkali 
(1). R. P. 141101 ; Frdl. 1900-02, 1217). 

Diraethylammc is used in tlio production of a 
large number of valuable dyestuOs ; thus violet 
to blue dyestuffs are obtained by heating 
, gallocyanine with mono- di- or tvi-methylamino 
(D. Jt Pl\ 57459, 65000 : Frdl. 1890-94, 367). 

Blue dyes are also obtained by the action of 
dimetliylanmn^ on llic dves of tlic oxazinc scries. 
The substances .so obtaniod differ from the 
[ parent dye in giving purer eolouis and in being 
j stable towaids alkalis (1). K. P. 54658 ; Frdl. 

I 1890-94, 373). 

See ubo Freund and W'lrsing, Ber. 1907, 40, 
i204; D. J«. JT. 172<)7». the article 

on Amines and the various ])arent dyes. 

When dinH'thvlamiuii is heated with p- 
aiiiiuophenol-azo /J-naplithol and iormaldehyde, 
a dark-brown powder is olttnined, which is a 
good dy<“ for laniuncd cotton (1). R. P. 95546 ; 
Frdl. J897-I900, 555). 

3-Dimethylaminoauthraquinone is obtained 
when dimethylaminobenzoylbenzoic acid (1 part) 
is heated with concentrated sulphuric acid 
(10 p.irts) at I75°-J80'^. It forma rod needles, 

. m.p. 181°. When 12 parts of sulphuric acid is 
used, and the temperature is kept at 80°, di- 
niethyl-aminoanthranol is formed, but is readily 
oxidised to the anthraquinol by ferric chloride 
(Haller and (juyot, Compt. rend. 1898,126,1544 ; 
1). R. P. 108837). 

1-Dimethylamino - 5 • phenoxyanthraquinone, 
m.]). 147°-14t)°, and siiuilar eoinpouiids which 
form important niatinials for the manufacture 
of dye-stuffs, have been obtained by treating 


(where Rj, R 3 =:alkyl or aryl groups, Rj— corH'Spondmg anthraquinone derivative 

methyl or other alkyl, and R|~-aii alkyl group with the desirtul mono- or di-alkylaiiiino in 
or hydi’ogen) arc obtained by the action of pyridine sjilutioii at J lO’’-! 15° (I). R. P. 165728 ; 
methyl or fUmothylaimne ou an ethylene oxide 190.5-7, 289). 

(J For other (hinethylaimnoantfiraquiiionc dc- 

H,R,0-(U. R. P. 199148; •Frdl. nvatives, .see Scvciin, (kmipt. rend. 1906, 142, 

1908-10,975 ; also 1). R. P. 173610 ; KnoH and i 1^74 ; J). R. PJ‘. 136777,136778 ; Frdl. 11K)0-02, 
Matthes, Ber. J901, 34, 34^)/ I -174; 1>. R. I’. 146691; Frdl. 1902-04 ; D. R. PP. 

These substances, which have valuable 1^^691, 11M)4; 205096,1909). 
ancasthetic properties, and are less toxic than Dimethylamine, when heated wiUi fluorcHcein 
cocaine or eucaine, can also be obtained Ijy chloride or dichlorolluorescein chloride in 
treating aminoacetories or e.sterfl of amino acids presence of zinc chloride at 160°-170°, gives 
containing a tertiary amino group with magne- i derivatives of chloroaminofluoran, whilst at 
Siam organo compounds of the type R-Mg-X : higher temperatures rhodamines are produced 
(D. R. PP. 1(;9819, 169746; Frdl. 1005 - 07 , (!>• 1^-P-1^^727, 1903). 

1029, 1033). Chloromothyl- and dimcthyl-arninotluoran 

Esters having pronounced soporific properties form pink crystals, melting at 168° and 218° 
and a low toxicity arc produced^by condensing , respectively. , , 

alkyl dimethylaminohydroxywobutyrates with DimetbylaminocaDiphor is a (ftilourless oil, 
anhydrous chloral (l>. R. PP. 203643, 198306, . b.p.24r/768mm. It docs not reduce Barreswils 
202167 ; Frdl. 1908-10, 980, 984, 1000). ; solution, and is only slowly acted on by silver 

For other dimothylamino compounds used : nitrate. It forms a picrate, m.p. 220° (decomp.); 
in medicine, «ce D. R. IT. 121051, 120967; hydnodide, m.]). 251° (decomp.); a platini- 
Frdl. 1900-02, 1219, 1226; J. Soc. Chem. Ind. ; chlondc, m.p. 211° (decomp.); and acetate, m.p. 
1909, 491. i 251°, with evolution of gas (Forster, Chem. Soc. 

Dlmethylaralnoparaxanthine known in com- I Trane. 1905, 240 ; Rabo and Schneider, Ber. 
merce os paraxine, is an energetic diuretic ! 19^8,41, 872). 

(D. R. P. 166901, 1905) and is decomposed into ! S-DImethylaiiilnouracil 

2;6-Dioxy*8-dimethylamino-7 metbylpurine, - ph 

m.p. above 319°, a crystalline substance which ' ^CO‘C(NMe 2 )'^ 
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is formed by treating i)-bromouracil with di* dimethyl oxamate remaioB in solution (Duvillier 
racthylaminc, and forms colourless plates, m.p. and Buisine, Ann. Ohim. [v.] 23, 209). 

297® (deoomp.) (AVhoclcr and Jamieson, Amer. A mixture of herring pickle and lime is 
Chem. J. 1904, 32, 342). subjected to distillHiion, the alkaline distillalc 

Trlmetbylamlne NiOHj)^; b.p. 3'2®-3*8° at is neutralised with hydrochloric acid, evaporated 
764*6 mm., sp.gr. 0'602 at —5*2® (Hofmann, to dryness, and the residue treated with alcohol, 
Ber. 22, to ; sp.gr. 0*073 at 0® (Bleunard). which leaves the ammonium chloride undis- 
Boes not solidify at —76® under a pressure solved. The solution is evaporated, the residue 
<»f JO mm.; forms u crystalline liydraie with 7 dissolved m a little water, and redistilled with 
molecules of water, melting at 4*3®. Occurs lime, the vapours being led through an empty 
in certain plants, n.g. Vhmo-fUHluim Vulvana bottle to separate less volatile constituents, and 
(Linn.), Arvica moiUava (Linn.), lihagodta then conducted into water or condensed with ice. 
hasluta (Auslralion Salt Bush), hawdhorn 60 grainnics of ammonium chloride are boated 
bloHsoin, pear and wild cherry blossom, in ergot with 440 grams ot 40 }).c. formaldehyde solution 
(OessaigncR, J. 1867, 481 ; Walz, J. 1862, 562), in an autoclave at I2t>°-160®. 
in certain lichens such as the SMa f m ITimet hylamitie can more readily he obtained 

hops and in eod-liver oil, in bone oil and guano in a pun* .stale by the distillation of tetramothyl- 
(Zopf, Annaleu. 1897, 297, 272). It also oceuis ammonium hydroxidt! (Schmidt, Annalen, 1892, 
in various animal fluids, e.g. in calves’ blood 207. 254). 

(Oessaignos), and in human urine (Filippi, Broprr/KV.s-.—I’nincthylaminc is a volatile 

Zeitsoh. physiol. Chem. 190(t, 49, 433). Also in liquid with a strong, lish-likc sinell. It is veiy 
large quantities in herring brine, which owes soluble in watisr, and j>os8CH.ses strong basic pro¬ 
to it its peculiar huicII (Wertheini, J. 1851, perties, although it can bo displaced from its 
480). compounds by either mono- or di-methylamine. 

it is also a product of the decomposition ol Itis not acted ui)on by formaldehyde, ainl henci* 
fibrin by s/rep/ororct (Kmmerling, Ber. .3(h 1803). it may be determined in jirescmce of ammonia 
It 18 oliUined by, treating methyl iodide (Budui, Zeitsch. jihysiol. Chem. 1913, 8H, 107). 
with ammoma(Hofmiinn); by the distill.dmn of When heated at S00"-i0(K)® it decomposes 
totramethylammnnium hydroxide (Hofmann, almo.st quantilatively into hydrocyanic acid and 
Annalen, 93, 326); by distillation of narcotme motlianc, whilst at 0(K)®, ictnmdhyl hydrazivc is 
(Werthomi, ibid. 73, 208), or codeine (Anderson, formed (Voeikelms, (’hem. Zeit 1909). 
tbtd, 77, 307), with [lotash. When ])aRsed through a hot tube with 

By the action of methyl alcoliol on magnesium hydrogen it decom}*oses, forming dimethyl 
nitride (Szarvasy, Ber. 18!)7, 30, 306). By the dimethylene diamine (CU2)^(Cn.i)^No, ammonia, 
reduction ot trimothyloxaminc with zine-dust j cyanogen, and other products (Bonieny. Ber. 11, 
(Hantzseh and Hilhind. Her. 1898, 31, 2058; ! 836). It forms sails with acids, of which the 
Uunstaii and Coulding./.( ). By the interaction j hydrochlonile isot sonieimpt>rtancc ; it has been 
of liexamethylcnelciramiiic witli lorinaldehyde j suggested to eni2)l<>y it in the manufacture of 
(Kschwcilcr, Ber. 1906, 38, 880). j potassium carbonate from p'dassium chloride by 

By heating a mixture of ammonium chloride i a jiroeess analogous to the tSolvay ammonia soda 
(1 part) and trioxymethylcne (2*06 parts) under I process. Ammonia cannot be employed in this 
reflux at 120''-179® (Sdimilz, 1>. B 2702(>0). j process, sim e ammoimini chloride has only 
By heating a mixture of ainmonium chloride , about the same solubility as jiotassium hydrogen 
and formaldoliydo (c/. iMethylanune). Cf. carbonate, whilst triimdliylamiuc hydrochloride 
Werner, Chem. 80c. Trans. 1917, HI, 844. 1 is very mucii moie soluble. 

By the putrefaction of yeast or of wheat meal ! For a number of salts formed by trimcthyl- 
(Hesse, J. 1857,403). Also by the dry distillation ! amine with inorganic salts, ^pc Guarcschi, l.c.\ 
of ‘ vinassoa ’ from the beetroot sugar manufae- ; Christensen, l.c ,; Kagland, l.v .; Cook, /.f.; 
ture (Vincent, Bull. Sue. chim. [ii.] 27, 150). Hofinum and Marburg, l.c. ; Mylius and 

IWpr/ralicn .—The crude methylamine fiom Foerstor, Ber. 24, 2424; Wiede, ibid. 31, 3140 ; 
the distillation of the ‘ vinasso ’ is treated with Michael and Hibben, Annalen, 1909, 304, 64. 
sulphuric aqjd, the solution evaporated to a TrimethylamlnedibromideNMejBrg is formed 
syrup and treated with absolute alcohol, the by passing dry trimethylamine into ice-cold 
monoracthylamine sulphate is thus precipitated, bromine, or by heating trimethylamine hydro- 
The filtrate is treated with the propei amount— bromide (1 molecule) with a small quantity of 
1 molecule for oveiw 2 molecules <4 primary hydrogen bromide and bromine (1 molecule), 
amino present—of otnyl oxalate, and allowed to Similar iodine, ehioriiie, and mixed halogen de- 
stand for 24 hours. The precipitate, consisting rivativcs have also been obtained (Jlemsen and 
of a mixture of di-wobutyl oxamide and di- Nonis, Amer. Chem. J. 1896, 18, 90; /tee also 
i-fopropyl oxamide, is lilteri^ off and the filtrate ITantzsch and Oraf, Ber. 1905, 38, 2154; Norris, 
distilled; tlJj residue is then decomposed by ibid. 3904). 'They are crystalline unstable 
potash, the free bases received in alcohol, and. substances. 

the alooholic solution mixed at 0® with ethyl ! For other halogen and halogen acid com- 
oxalate (1 molecule to each molecule of free base) I pounds of tnmethylamine, see Gabriel and 
and allowed to stand for a day. 3’he mixture ! Stelzner, Ber. 1895, 28, 2929; Delcpine, Corapt. 
is then distilled, and the triethylamiiie obtained i rend. J896, 122, 272; Ann. Chim. 1896, 
pure. The non-volatile residue is made slightly \ [vii.] 8, 439 ; Norris, Amer. Chom. J. 1898, 20, 
alkaline with milk of lime and evaporated, ; 51; Bictet and Krafft, Bull. Soc. chim. [iii.l 
calcium leopropyl oxamato first crystallises opit, i 7, 72 ; Ilautzsch, Ber. 19<J5, 38, 2161; Kaufler 
and then calcium ethyl oxamate. The mother ! and Kunz, ibid. liK)9, 42, 2482). 
liquor, on addition of alcohol, gives a precipitate Trimethylamine combines with carbon dieul- 
of calcium methyl oxamate, whilst calcium pliidc to form a colourless crystaiUne compound 
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N(CH 3 )j CJSj 5 , in.p. 126^ which is somewhat 
unstable; it is soluble in chloroform, and com¬ 
bines with dilute acids, but is decomposed by 1 
strong acids into its constituents. 

Trlmethyloxamine {Tnmelhylamine oxide) | 
Me 3 N: 0 , 2 Hj 0 forms needle-shaped crystals, | 
m,p. 90®, and is best obtained by the action of ! 
hydrogen peroxide on an aqueous solution of i 
trimethylaniinc (Dunstan and (jouldiiig, Ohcm. 
8oc. Trans. 1899, 794, 1005; Mamloek and 
WollTenstein, Ber. llH)i, 34, 2499). 

Trimothylainine, like dimclhylaminc, enters 
into the constitution of a number of important 
dyes. It also yields derivatives which form 
sub.stances important j>hy8iologKally ; thus it 
reacts w’lth ethylene oxide forming vholinc \ 

Mi>5N+^^"^0 + 11.0=116,! 

CH/ ■ 

With moiiocbloracetio acid producing bclnivc 
lVlc3N+C]CH,-C02H=Mo3N-(dr..-00+H('l 

^ 0 - i 

With ethylene dibromido, to form imirinc 

+2Aj!Br ; 

i ^oCrotyltrlmethylammonium bromide 

t;Me^ : CJI-NMe^Bi 

obtained by the mteiaelion of iwbulylene 
bromide and trimethylaminc, is homologous 
with neurine bromide, and, like valeryltrimetbyl , 
ammonium bromide, closely reKimibies it m its i 
physiological action. Dibromt^'obutyl trimethyl : 
ammonium bromide and dibroini.sobutyltnnie- 
thyl ammonium dibromide and other similar 
‘ compounds have also been prepared (KIcinc, I 
(.diem. Zentr. J894, i. 10). ! 

Ethylene hromide icacts witJi trimethyl- ■ 
amine in inoleculai proportion at 100°, yielding 
tetramethylanimoiiium bionude, tnnuithylvinyr- 
ammonium bromide {neurine bromide), di- ' 
mcthylamine bromide, and other compounds. 

Propylene and amylene biomides also read 
with trimethylamme yielding a number of 
methylammomum compounds (Klciuc, I.cp). 

Trimethylamme reacts with halogen ket-ones, i 
forming ketome bases (Schmidt, Arch. Phann. ' 
1898, 236, 334). * 1 

Trimetbylacetonylammonium chloride {re/p-' 
fine chloride) AcCH^’NMcgfJl i.s a cryetallmo sulj- 1 
stance which gives a jilatinochlondc, yellowish 
red noodles, m.p. 238'^-240^; an aunchlonde, ! 
beautiful yellow needles, m.p. 139‘5®; and an j 
oxime, colourless plaU*s, m.ji. 212® (Eurn^i, ; 
Arch. Pharm. 1898, 23(>, 334). 

Trimethylacctonylaminonium bromide melts ! 
at 190®, and at 195® it gives to a yellow j 
distillate, and tetramethylammoiiium bromide j 
(Brcndler and Tafel, Ber. 1898, 31, 2683). ' 

For the interaction of trimethylamme with ' 
other aliphatic compounds, we Malbot, Bull. ' 
Soc. ohim. fiii.] 6, 845, 709, 711 : ibid. 7, 213 ; 
Buvillier, ibid. [lii.J 23, 507 : Menozzi and 
Pantoli, Gazz. chim. ital. 23, ii. 209 ; Hartmann, 
Chem. Zentr. 1896,^. 999 ; Andr6, Conipt. rend, i 
1998, 126, 1107 ; Benary, Ber. 1908, 41, 2399 ; i 
D. K. P. 195813; Frdl. 1908-10, 990. 

In Franco and in Uussia trimetbylamine lias 
been employed successfully in medicine, but 


English and American doctors have not obtained 
such good results. For the physiological effects 
of trimethylamme, see Combemalc and Brunelle, 
Compt. rend. Soo. Biol. 1891,175. 
Methylammonfum cobaltinitrlte 
(MoNH3)3CO(N02), 

is prepared by adding to a nearly saturated 
solution of methylamine hydrochloride, a nearly 
saturated solution of pure sodium cobaltinitiite. 
It is a yellow pow’der, stable when dry, but 
slowly decomposing in the presence of moisture 
or on heating. When treated with strong 
mineral acids it decomposes violently (Cumiing- 
ham and Perkin, Chem. Soc. Trans. 1909, 1664). 

Monomethylammonlum hexabromoplstlnate 
(NH 3 Mc) 2 PtBrg and the corresponding di- and 
tri-methyl compounds are all ciystaliine sub¬ 
stances (Gutbier and Bauriedol, Ber. 1909, 42, 
4243). 

Magnesium methylammonium arsenate 

NagMe-MgAsOj,8H20 
and the trimothylammonium compound 
NHMog-]VIgA804,6H20 

arc white ciystallmc pow'dors (Brisao, Bull. ISoo. 
cliim. 1903, [iii.] 29, 591). Similar mothylam- 
momum phosphates have also been prepared 
(Poiclier and Brisac, ibid. 587). For other 
methyl ammonium compounds, acc Reynolds, 
(Jhem. ISoc. Trans. J89J, 394 ; Francois, Compt. 
rend. 1905,140,1097; Gutbier, Zcitsch. physikal. 
Chem. 1909, 69, 304. 

Tetramethylammonium N(CHg)*, idramc- 
thyliumt according to I’almacr (Zoitsch. Klek- ' 
troclieni. 1902, 8, 729) is produced when a solu¬ 
tion of Ictramcthylammoiiium chlonde or 
hydroxide iii hquid ammonia is electrolysed 
between platinum electrodes, but it could only be 
observed as giving a transient blue coloration 
and could not be isolated. 

The bi^o, Tetramethylammonium hydroxide 
NMe^OH is formed as the pentahydratc 
NMe^OH.OHgO 

ni.p. (»2"-63®, by the action of a methyl alcohol 
solution of iiotaasiuni hydroxide on a similar 
solution of t(4ramolliyl ammonium chloride. 
When this hydrate is desiccated it forms a 
trihydratc, in.p. 59®-60°, and a monohydrate 
which decomposes at I30®-135® without melting 
(Walker and Johnson, Chom. Soc. Trans. 1905, 
955). The hydroxides aro hyposcopic, strongly 
alkaline, and readily absorb carbon dioxide 
when exposed to the air. When heated they 
decompose forming methyl alcohol and tri- 
methyiamine. The iodide ^(CHa)^! is the mam 
product of the action of ammonia upon methyl 
iodide (Hofmann, Proc. Roy. Soc. 1861, 381), 
or by heating trimethylazonium iodide with 
methyl iodide at 125°-i30® (Harries and Haga, 
Ber. 31, 59). Jt forms quadratic pfisms soluble 
in hot water, but only shghtly in cold water; 
sp.gr. 1’84 (Schroder, Ber. 12, 662). Similar 
chlorine and bromine compounds aro also known. 

Tetrametbylammonium pentaiodide NMeJg, 
m.p. 120®'-127®, is obtained by the action of 
methyl iodide on nitrogen iodide (Silberrad and 
Smart, Chem. Soc. Trans. 1906, 173). 

Cetramotbylammonium forms many salts 
which have the power of producing crystalline 
double compounds with many metallic salts (u. 
Topsoc, J. 1883, 019; Risse, Annalen, 107, 223 ; 
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LoBsen, ibid. 181, 374; Ragland, l.c.; Prescott, I m-Dimethyl hydraziiie (CHjhN-NH,; b.p. 
J. Amer. Chem. Soc. 1898, 20, 90; Wiede, U.; ! 62-5'’at717mm.; i 

Auld and Hantzach, Bor. 1905, 38, 2686 ; ^ at 762-6 mm.; sp.gr. 0-7914 at 22-3 /O (BrubI, 
Milbaner, Zcitach. anorg. Chem. 1907, 53, 135 ; Ber. 1897, 30, 100); from mtroso-dimethylamme 
Sohmldt, Chem. Zcntr. 1!K)7, li. 1593; Braun, ■ and nascent hydrogen (zmc-duet and acetic acid) 
Ber. 1908„41, 2128 ; Kaufler and Kunz, l.c.). in alcoholic aolution (Renouf, Ber. 18TO, 13, 
Tetramethylammonium formate (Forgenine) 2171), or by the dry distillation of tnmothylazo- 
H-CO.-NICH,), is obtained by the action of nium hydroxide (Harnca and Haga, l.c. 68). It 
tetramethylammonium iodide on silver formate, has a strong ammomacal smell, and is very 
It is a white oryataihne, odourless, hygroscopic soluble in -water, alcohol, or ether. It la decom- 
substance, stable in dry air and in solution, po.sed by nitrous acid into nitrous oxide and 
(lecompoaing above 200", and giving the re- dimethyiaminc. , ,oo i .loo u-i 

aotions of formates (Vanzetii, (’hem. Zcntr. | The orahiU' has ra.x>. 

1906 ii 1347). cyanide crystalliwea in beautiful ncccues anti 

Forgenine is employed in medicine, but in ' decomposes at 0^-10® (Peters, Bor. 1906, 39, 

large doses it ia toxic, and may even prove fatal 2784). • i 

(Piccinini, ('hem. Zcntr. 1907, i. 651). -Dimethyl hydrazine MeNH-NHMe is ub- 

a-Methyl hydroxylamlne MeO-NH* is formed taiiicd by the acl-ion of methyl iodide on )tolas- 
bv treating methyl ethyl bonzhydroxamate with sium or lead diformyl hy»lrazinc (Harries and 
hydrochloric acid (Lossen and Zifnni, Annalen, Klaml, Her. J805, 28, ; Harries and Haga, 

1876, 182, 225). The hydrochloride forms Lc. (»3). or by bulling the methyl iodide salt ot 
prisms, m.p. 149”, and gives an (»rnngc-rcd methyl i>yra/.ole with strong pota.ssium hydro- 
irvsiallmo platinochloride (Lossen, Ber. 1883 , xide (Knorr and Kohler, Bor. 1906, 39, 3257; 
16 827; Potraezek, 827). i Knorr, ibid. 3265). It is a mobile, eolourh'ss, 

’ fl-Methyl hydroxylamlne MeNH-OH is formed ; fuming liquid, b.p. 81‘'/747 mm., with the. 
bv neating bcnz.s?/ 7 jaldoxime methyl ether or its characteristic odour of aliphatic hydrazines, it 
ii'iti-o ilcrivativc wi1.li hydroc-hloric acid (Bittricb, dissolves in water with evulution ol lie.il, attacks 
Iter, 1890, 23. 3598 ; Kjclliii, ibid. 1893, 20, , cork, rulilicr, and the eiiidermia, and its vapour, 
238-2), but is best prepared by the electrolytic i when mixed with air, burns with a faintly 
reduction of nitroinethaiic in alcoholic Huljihuiie ! Intninniis ilaii 


acid solution at 15"-29" (Piorron, Bull. Soc. 
ohim. riii.l 21, 783 ; fee also Itambcrgcr, Ber. 
1894, 27, 1350 ; Kirpal, ibid. 1882, 2.5. 1715). 
It forms long prisms, ni.]i. 42", b.p. 02-5‘'/lf> niiti., 
sp.gr. 1-0003 at 20"/4". It is readily soluble in 
water and alcohol, dcconijioscs on standing, and 
is reduced to metliylaniinc by liydriodie acid. 

The hydrochloric lias m.p. 88" 90"; the 
pkrate m.p. 128"-130". 

a-Methyl /?-ethyl hydroxylamlne NlIEtOMe 
is a colourless alkaline liquid, b.p. G0"-0l", 
readily soluble in water and docs not reduce 
silver nitrate. It forms a hydrochloride and a 
platiiiichloride. fj-Mcih/l a-elhtjl hydroxylcmnnc 
has b.p. 05"-06-5" and similar properties to the 
a-methyl )3-ethyl compound (.loncs, Amer. Chem. 
J. 1007, 38, 253). 

o)3-Dlmethylhydroxylamine hydrochloride 
JlHMc-OMe,ll('l 

forms long prismatic needles ni.ii. IJ5°-110". 
Itisvolatilirat 100", does not reduce Barrcswil’s 
solution or silver nitrate. The platinochloride 
forms red prismatic crystals whicii melt at 
180° (deoomp.). The free base is a colourless 
volatile liquid, b.p. 42-2"-42-(i“ (.Tones, Amer. 
Chem. J. 1898, 20, 1). 

Methyl hydrazine Oil,HN-NH. is prepart-d 
by the reduction of diazomethane with sodium 
amalgam and alcohol, or by agitating methyl 
iodide with dJeeess of motliylhydrazine in aqueous 
solution (Beohmann, Ber, 1895, 28, 8,59 ; Harries 
and Haga, ibid. 1898, 31, 50). A colourless 
liquid with aniinoniaoal smell. 3’hc sulpliatc 
NHCHj-NHj.HjSOj, a crystaUirie compound, 
is obtained from methyl hydrazine carbamide 
which results from the action of nascent 
hydrogen upon nitroso-inethyl carbamide 
NH./(’0‘N(CH5)N0 (Bruning, Ber. 21. 1809). 
The'f.xalate has m.p. 166”. Methyl hydrazine 
gives benzoyl and other derivatives (MichacliB 
and Hadanok. Ber. 1908, 41, 3286). 


lummouH tlanie, dejiosititig soot, and is liable t*) 
(‘X()losion It IS a fairly strong irdueing agent, 
and forms salts with riineial ami ftrgaiiic acids. 
Jt also foiins a flemicaibazide and a phciiyltlno- 
scnnearbazide. m.p. JJ5‘'; a dibenzoyl deriva¬ 
tive, m.p. 85” : a dimethyl piorazide, in.]). 141”, 
ami other ilorivativeH (Knorr and Kohler, l.c.). 

Trimethylazonium iodide KHuvNMogl is ob¬ 
tained by agitating an aqueous solution of 
hydrazine hydrate >yitb methyl iodide and • 
caustic potash, it re'^cmbles ammonium chloride 
in crystalline structure, and has m.p. 235” 
(deeomj).). It is converted into hydrochloride 
when acted on b}' silver chloride, and into the 
hydroxide by its interaction, w'ith silver oxide 
(Harries and Haga, l.c.). 

Tetramethyltetrazone (CH 3 ) 2 K*N:N-N((JH 3 ) 2 , 
b.p. 130” ; a yellow explosive oil, slightly soluble 
in water. It is a strong base, and its salts arc 
very Soluble in vatcr; it reduces silver solution 
with formation of a piirror (Renouf). 

Mll'niYLENE (jOMPOUNDS. 

Methylene CH,, a dibasic radicle not known 
in the free state. 

Methylene dlacetate tTl 2 ( 02 H 302 ) 2 . B.p, 
170” ; from methylene iodide and silver acetate 
(Butlcrow, Annalen, 1(»7, 111); from chlor- 
methyl aeotatc C.^HjOj'CHjCl and potassium 
acetate (Hcnrj[,''Ber. 1873, 739). A liquid de¬ 
composed by water at KM)® into acetic acid and 
trioxy methylene. 

Methylene bromide CHaBr^, Dibromometkane. 
B.p. 96-5”-97-5” corr.; sp.gr. 2*4986 at 15”/15”, 
2*47745 at 25”/25” (Perkin, Chem. Soc. Trans. 
1884, 520). Obtained by the action of bromine 
upon methylene iodide under water (Butlcrow, 
Annalen, 111, 251); from rilsthyl bromide and 
bromine at 250® (Steiner), or by the action 
aluminium bromide heated to 100” on trioxy- 
methyleue (Gustavson). 

A liquid which, by the action of water and 
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excess of lead oxide at 150* gives ethylene glycol 
(EltekofF, Ber. (i, 558). 

Methylene chloride OH,CIj, DicMornwtJiane. 
B.p. 41 -6° corr.; sp.gr. 1 -37777 at 0*/4“ (Th«)rpo, 
(-hem. Soc. Trans. 1880, 195); b.p. 40*; sp.gr. 
1-33771 at 15715*, 1-32197 at 25725* (Perkin, 
ibid, 1884,627); b.p. 40-41® (corr.) (Thorpe and 
Ro^er). From methane and chlorine after pre¬ 
liminary formation of methyl chloride (Kegnault, 
Atmalen, 33, 328); from methylene iodide and 
chlorine (Butlerow. Annak-n, 111, 251). 

Preparation. —A mixture of chloroform (1 
vol.), zinc, and alcohol (.3 voU.) ia gradually 
1 rented with hydrochloric acid and distilled; 
the distillate, consisting of chloroform and 
methylene chloride, Ls rectified, and the residue 
boiling above 53* is again treated witli zinc 
(Greene, Chem. News, .50, 75). It may also be 
prepared by treating methylene iodide under : 
water with chlorine. ] 

Properlien .—A coJouilcss liquid with a ^ 
pleasant smell, rescmhhiig that of chloroform. ' 
When heated with water to 200°, hydrochloric j 
and formic acids and methyl chloride are jiro- i 
<luced'; the latter, on further heating, forming ' 
mi'thyl alcohol and hydrochloric acid. With , 
aqueous ammonia at 140* it forms aiiiinoiuum I 
chloride, methylamiiic liydroclilorido, and formic j 
acid (Andre, (Jompt. rend. 102, 1474). When ' 
treated with ammonia, di>:'jnlvcd m methyl | 
alcohol, hoxainethyloiiclctramiiie is obtained. [ 

Methylene chlorobromide (dfX'llk-, (Udoro I 
broimmlhanr. B.p. ()S*-G9*at 705 mm. ; sp.gr. i 
1*9907 at 19®/19°; V.L>.—4*43 (Henry, (‘ompt. i 
rend. 101. .599). Obtained by the action of 
bromine upon ehloriodimictlmne. A mobile 
colourless liquid, with agreeable smell. It gives 
rise when treatrMl with 2 inols. of ammonia in 
saturated methyl alcohol solution for 2 hours at 
()0°-70° to hexamciliylonotetramino hydro- 
bromide, ahmionium chloride, and ammonium 
bromide. 

Methylene chlorofluoride (JHaOlF, C'hlor- 
fliwrmctha/ie. A gas, V.D. 34-18 (calc. 34 25). 
From methyl lliioudc and chlorine in sunlight, 
is colourless, and slightly soluble in, and slowly 
decomposed by, water ; burns with difficulty m 
oxygen (Collie, Chem. Soc. Trans. 1889, 412). 

Methylene chloroiodide CH.Cll, (ddoriodo- 
mdhnm. B.p. 1()9°-109^® at 7()0-4 mm.; 
sp.gr. 2-444 at 14-5®/l4-5*; V.l). 88-14. An 
oily liquid obtained by the action of iodine 
monochlorido upon methylene iodide (Sakutgi, 
Chem. Sue. Trans. 1885, 198); also by action of 
iodine in potassium iodide solution upon mono- 
mercuric methylene chloriodide {ibid. 1882, 362). 

Methylene iodide CTIJ^., Diiodomethane. 
M.p 4° ; b.p. 180®, with partial decomposition ; 
sp.gr. 3 3326 at J5°/15° (Perkin, Chem. Soc. 
Trans. 1896, 1173); M.M.* <it 15°^18-827 
(Perkin, t6w/. 45, 464). From iodoform and 
sodium ethoxide (Butlerow, Ann. Chim. [lii.] 
63, 313); by heating iodoform either alone 
or with iodine (Hofmann, Annalen, 115, 267; 
Dunn, Chem. Soc. Proc. 1910,116); from chloro¬ 
form or iodoform and hydriodic acid (Lebon, 
Zeitech.-Chera. 1868, 712). By the action of 
iodine on diazomethano dissolved in ether (t?. j 
Pechmann, Ber. 1894, 1889). A yellow liquid' 
which, when heated with water and copper to * 
100°, yields ethylene (Butlerow, Annalen, 120,1 
366). With zinc ethyl it forms butane. With i 


silver acetate yields methylene acetate; com¬ 
bines with mercury to form mercuric methylene 
iodide CHjjT,HgI. It dissolves phosphorus very 
readily at ordinary temperatures (more than 
1:1). An attempt to prepare the radicle 
methylene (CHjj), by heating with silver powder 
; produces carbon, methane and ethane and otlici- 
* products (Sudborough, (.hem. Zentr. 1897, ii. 

180). Methylene iodide, on account of its higli 
; density, is employed in the mixed solutions used 
j for determining the sp.gr. of rocks and minerals 
I by flotation, the usual diluents being benzene or 
; ether. 

i Methylene oxide ('H„0 y. Formalukhviie. 

I Methylene sulphides. 

j Trivu’thykne. svlphide (CH 2 S) 3 , Paralhio- 

\jorin(Mc,hyde. B.p. 216®,- sublimes without 
deconqiosition. Formed by the action of sul- 
jihuretted hydrogen upon a solution of formalde¬ 
hyde. Also ly reducing, by means of zinc and 
hydrochloric acid, carbon disulphide (Girard, 
Annalen, 106, 306), potassium thiocyanate, or 
allyl mustaid oil (Ifofmann, Ber. 1, 176). It 
also rc.snlts from 1 he action of potassium sulphide 
on methylene iodide (Husemann, Annalen, 126, 
294; Mftiisfcld, Bor. J88(), 698). It crystallises 
from benzene, carbon d-sulphidc, or cldorofonn 
in quadratic prisms which arc insoluble in water 
and jiosscss a penetrating odour. It forms 
crystalline compounds with many salts, e.g. 

(needles, insoluble in water; 
2<' golilen-ycilow needles. 

M(lathiufwniald(hi/di' (('HgB)^; is formed by 
leading KuljihiuoUcd hydrogen for 10 hours into 
I a Ixuling solution of hexamethylenetetramine 
1 satuialed with amyioiiia (Wohl, Ber, 1886, 

[ 2345). The prccijiitate is purified hy washing 
with water and hydrochloric acid, and by 
boiling with alcohol and glacial acetic acid. It 
has a characteristic odour, melts at 176®-i7C®, 
is not volatile without decomposition, and does 
not form salts with morcunc or platmic chlorides. 

Methylene, hydrogen sulphide CH 2 (HS) 2 , 
Ihiomethyknc glycol^ is not known in the free 
state. The (iicthyl ether, CH 2 (SC 2 H’j)u, b.p. 
184®, a]).gr. 0-987 at 20®, is obtained by the 
troatment of sodium merca])tide with methylene 
iodide (Claesson, J. ])r. Chem. [li.] 16,176). 

Methylene sulphonic acid CH^l^OsH),, 
Methane dmdphomc ae.id, forms very unstable 
needlc-hke crystals. Broduced in small quantity 

1 by the action of sulphur trioxidij upon other 
(Liebig, Annalen, 13, 35; Strecker, ihid. 100, 
190); by the oxidation of methylene thiocar- 
bonate (Husemann, ibid. 126,293 ); from chloro¬ 
form and potassium sulphite solution at 180® or 
from iodoform and potassium sulphite at 150° 
(Strecker, ibid. 148, 92). 

Prtparalion —Lactic acid or calcium lactate 
is heated with fuming sulphuric acid until 
sulphur dioxide begins to be wvolved; the 
mixture is then neutralised with barium car¬ 
bonate. It can also be prepared by heating 

2 volumes of acetamide with J volume of fuming 
sulphuric acid (Buckton and Hofmann, Annalen, 
100, 133). For salts v. Hofmann, Strecker, l.c., 
also Monari (Ber. 1885,1343). 

Hexamethylenetetramine, kexameikylene^ 
amine, Jormamine, ammonio-JorTnaldehyde, am- 
monaldehyde, cystamin, cysiogen, formin, metra- 
mine, urisd, urUone, urotropine, vesalvine 
(CH2)3N4, is prepared by the action of ammonia 
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on trioxymethylene (Butlerow, Annalen, 115, 
322) ; from alcoholic ammonia and methylene 
chloride at 125® (Hoiand, ibid. 240, 225) ; or by 
passing formaldehyde vapour into a concen* 
trated solution of ammonia, evaporating to a 
syrupy coneistonoy and pouring into alcohol 
(Wohl, Bor! 18S(), 1842). Commercial ammonium 
carbonate is dissolved in 40 p.c. formaldehyde 
solution, the solution is evaporated to dryness 
under reduced jueasurc and the residue is 
sublimed in vaenC, or rccrystallist'd from absolute 
alcohol. It forms rhombohcdiul crystals from 
alcohol, is insoluble in ether, but readily in water 
and chloroform. Thioformaldehydc is produced 
by heating it with Jiydrogeu sulphiilc. It is pie- 
cipitatod troin its a(juoous solution by bromine 
as an orange-red teirabroinide 

C«Hi,N,Ilr, 

which, when kept over potash, loses two atoms 
of bromine; tho resulting dibromide melts at 
I}JH'=’-200® This dibromide when boiled witli 
water is dcconiposod into formaldehyde, water, 
juumonia, and hexamothylonetetramiue. Hexa- 
methylenetotramino is also precipitated fnnii its 
solutions by mercuric chloride quantitatively. 
In tho presence of amvioumm salts it may be 
estimated by heating it with strong potash, 
by which it is unafTccted, until all ammonia 
IS expelled, tlien making acid and boiling 
to dccom))oso tho hexamcihylene tetramiiic 
and 8ul>8(3([acntly making alkaline and esti¬ 
mating the ammonia in tho usual way {Buckner 
and Hilpert, J. Amei‘ Clicm. JSoc. 1008, 
1471). The purity of a specimen is readdy 
examinod qualitatively by means of Ncssler’s 
solution, wliieh shows the jiresence of ammonia 
and ammonium salts by the usual yellow colour 
or brown procij>itatc, and of loriiialdehydo by a 
precipitate of mercury (VVohIk, iicitsch. anal. 
Cbem. 1005, 705). Many coiniiounds and 
derivatives of hcxaraethylcno totramine have 
been prepari'd and patented. The compouiid.s 
with halogen pyrroles and aromatic sulphuric 
acids by 8tango (Kng. Pat. 4804, 1800); with 
phenol and phenol mono- and jioly- sulphuric 
acids and their halogen derivatives by the 
Chemische Pabriken vorm. Wcilor-ter-Meer 
(1). U. 124231); basic compounds by Karl 
Hock (D. R. i'. 130304); cysiopurm, a com¬ 
pound of I mol. hexamethylenclotramino and 
2 mobs, sodiipn acelato by Bergell and Wiilfing 
tEng. Pat. 20(m3 ,1006 ; U.S. Pat. 852003, i007 ; 
Ohem. Zentr. 1007, i. 487); the chloral, bromal, 
and butyl chhira) derivatives by Lederer {ICng. 
Pat. 17603, 1897); the qumate by 'A’ichmann 
and aabler (U.S. Pat. (>‘H)804, 1002; Zimmcr- 
mann, Eng. Pat. 14834, 1800); the salicylic 
acid compound by 0. Imray (Eng, Pat. 2248J, 
1805); a powerfully astringent compound re- 
suiting from 4.he condensation with tanmn by 
H. E. Newton (Eng. Pat. 10700, 1808); ‘am¬ 
monium compounds ’ by Parbenfabriken vorm. 
Baeyer & Co. (D. It. P. 164510); the borate 
by Aktien Gescllschaft fiir Anihnfabriken (Pr. 
Pat. 303764, 1906; U.S. Pat. 869636; Kng. 
Pat. 5039, 1906). In addition the following 
derivatives have been prepared: salts of in¬ 
organic acids and compounds with metallic saj^ 
by B. Griitzner (Chem. Zentr. 1898, ii. 663); 
halogen derivatives by Horton (Ber. 1888,1999), 
and Hdhnel (Chem. Zentr. 1900, i. 409); bromo- 


iodides and chloroiodides by Mounoyrflit (Compt. 
rend. 136, 1472); the chromate by K. A. Hof¬ 
mann (Ber. 1906, 3181). Quaternary salts have 
been prepared by Hahn and Walter (Ber, 1021, 
54 [B] 1631). The products of decomposition 
have been studied by Ischidzu and Inouye 
(Chem. Zentr. 1906, i. 1087), Grasai-CristaM; 
and J)i Pranco by the catalj^c hydrogenation 
with reduced nickel has obtained trimethylamine, 
ammonia, and methane (i/ud. 1007, i, 237). 

Methylene tetramethyl diamine 

CH,[N(CH3),]j 

IS prepared from formaldehyde and dimethyl- 
amine (Henry). It [mils at 85^", and has sp.gr. 
0-7401 at 18-7“. 

Methylene tetraethyl diamine Cll 2 [N (C2liB}238> 
b.p. ll>6^-l()y° (168“ Homy). Formed by the 
action of trioxymethylene, 6-5 ]>arts, upon 
dietliylamiiio, 20-2 parts (Kolotolf, J. Huas, 
Pliys. Chem. k>oc. 17, 244). It is an unplcasant- 
smoUmg liquid, insoluble in water, but very 
soluble m alcohol; sp.gr. ()-8105 at 18-7“ (Heni-y. 
Her. 1803 (Ref.) 034). 

Methylene tetiapropyl diamine 

boils at 225®- 230“ with decomposition; sp.gr, 
0'8014 at 18“ (Henry). 

Methylene thiocarbonate CH-^CSa. A yellow- 
ish-w’hite. amorphous powder iu8<iluble in water, 
almost insoluble in ah-ohol, ether, or carbon 
disulphide, obtained by tlu; action of methylene 
iodide upon sodium thiocaibonale in alcoholic 
solution (lIuHomaiin, Annakn, I2(), 202). is 
dceomjiosed by ammonia into ammonium 
thiocyanate and methylene sulphide (t'JLSla. 

Methylene thiocyanate (;H 2 (CSN) 2 , m.p. 
H>2®. Prom methylene iodide and potassium 
lliioeyanate in alcoholic solution (Lennontofi', 
Jh-r. *1874, 1282). It forms needles or prisms 
which aie almost insoliihle in <-old, modiTately 
' solubli! in warm water, and easily soluble hi 
I alcohol or etlior. By oxidation, r.ff. by nitric 
’ acul, it yields methylene ibsulphonic acid. 

Dimetbylene dimethyl diamine 

(CH2)2N2(CIT3)2 

A crystalline non-volatile body obtained by 
passing trimethylamine and hydrogen through a 
heated tube iRomcii,'}', Ber. 1878, 835). 

Dlmethylene diethyl diamine 

(CU,),N,(Cj{,k 

b.p. 205°-208“. Obtained by healing in a sealed 
tube a mixture of trioxymethylene with ethyl- 
amine (Kolotoff, J. Russ. Phys. Chem. Soc, 17, 
231). An oily liquid with an unpleasant odour, 
soluble in (‘old water or in alcohol. Is decom¬ 
posed by hydruiploric acid into trioxymethylene 
and ethylaminc. 

fi-METHYLADIPIC ACID v. PmEUC acid. 

' METHYLAL v. Synthetic uruos, 

METHYLALLOXAN Alloxan. 

METHYL ANILINE (1) 

I Made by digesting aniline hydrochloride with 
j methyl alcohol in an autoclave at 180“, adding 
I milk of lime and steam-distilling. (2) Bv heating 
a mixture of aniline with methyl alcohol in 
presence of iodine at 220“ (Knoll and Co. 
1). R. P. 250236). (3) By condensing aniline 
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with formaldehyde and reducing the anbydn>- 
formaldehyde aniline (CHg: N*Ce^B )3 
and sodium hydroxide (Geigy and Co., D. R. P. 
76854). (4) By adding formaldehyde (40 'p.c. 
solution) to a mixture of aniline and caustic 
sods containing zinc dust, heating and steam 
distilling (Morgan, Eng. Pat. 102834 of 1910). 
{Of. Erankland, Challenger and Nicholls, Chem. 
Soc. Trans. 1919, 115, 198). 

Methylaniline boils at 192®. Sp.gr. 0*970 at 
15°. Yields methykthylamlinp (b.j). 201°) on 
ethylation (Claus and ilowitz, Ber. 1884, 17, 
1324. 

METHYL-ANTHRACENE AND OTHER AL¬ 
KYL DERIVATIVES OF ANTHRACENE (wet 

also articles on Aloks, (Jociiineal, CIhkysu- 
fhanicAcip, (UscAiiA Sagrada. Indantiirene, 
Kjbjbmes, Rhubaub, Vat Dyes). In order to 
obtain the higher homologues of antliraoeiKi. it 
has boon found necessary in most cases resort 
to synthetical inctbods, us very few of these 
substances liave been iriei with in coal tar. 

The methods usually employed are the fol¬ 
lowing ;— 

(1) Eiiinmation of hy(lrog<‘n from the hydro- 
caihons of the C„lfa«— 14 . or i6 senes, by 

passing them tlirough reil-hot tubes. 

l5onzyl mcsityleiie is Ihus converted into di- 
methylanthraceno. 


CH, 

/Ox 




m-Dimetliylaiithracyleiie. 

I And similarly in a number of other cases. 

: It should, however, be remarked that the 

results of a number of Elbs’ analyses of these 
anthracyleno derivatives agree only so very a})- 
! jiroxiinately that this explanation can scarcely 
j be looked on as completely satisfactory. 

! (4) Hy the yirolongcd boiling of some ketones, 

j Thu.s ili-p-xylyl ketone, wlien boiled for 0 hours 
j undcrarollux condcnwa yiehls (1.4,7)trimcthyl* 
! anthracene (lilhs and Oiherg, Her. 19, 409). 

/ CO, 

; Me,'' \ ^ Me' 


'Me 


Me 


I 

iMe 


Me 

Me' kc 


Me 


; (5) Tlie lioinolomie.s of anthracene of the 

' frumula(’,H,(Coll<^H.!N+i)CoH 4 aio produced by 
, boiling the alkylhydioanthranoi with alcohol, 
hydroehlojjc ueid, or picric acid. Thus iwbutyl 
hyilrautliranol yields isohiitylanthracene. 

C(('4ll9)(01I) CH''^ X’-H 


C.H. 




e.ii. 


;mc) 


(2) By dwtiUing o-kctouic acids with zinc- 
dust ((Jresly, Annalcu, 234-238); w-xyloyl-o 
benzoic acid yields //< diim tliylauthraccne, 


CO 


Me 


Me 


Me 


Me 


''CUOll 


(3) By the action of siiljihuiic acid on 
o-ketouic acids (at about 125°), and Hubsequent 
leduction with zinc-dust ami aimnonta (l<3hH, 
.1. pr. Ohem. 1890, 41, i, &c ). 


/ -x.- \x 

Oell.C ^ IJ 
\cooii - 

o-Xyloyl-o-benzoic acid 


A’O. /■ ,vi 

/« 11 / |Mb 

4'8‘0 ■, l\i(v 

w-BimetliylanUiraquIuone. 


C.H. 




;Me 


JO-^X/Me ' ,/\/^ 

o-Dlmetbylautliruccne. 


This reaction cannot be successfully employed 
in a number of cases where , of the methyl 
groups is attached to the carboiV atom next to 
the carbonyl group, as under these conditions 
anthraoylene derivatives frequently result {v. 
Elba, l.c. pp. 16-18). 

Thus m-diraethylanthraqumone, on reduction 
with zinc dust and ammonia, yields m-dimethyl- 
anthracylene and not w-dimethylanthraccne. 


((■)) llomologouH arylanthracenes substituted 
; in the y ]>o.sition arise when the carbinols result- 
! ing fi'um the action of magne.siuin aryl halogen 
! compounds on antliraquinone and its derivatives 
, are rcdu(!cd. Thus diphimyl anthracene results 
when the corrosjionding carbiuol is treated with 
: zinc and acetic ucod. 

Ph 

t Ph 

,-C(OH),,/\ /\/\/\ 

I k 

; In their juiqiejt ies and react ions the homologues 
j of anthracene behave very similarly to aiithra- 
! cone itself. On oxidution with cliromio acid 
j they yield corresjionding anthraqninone deriva- 
i tives. but in most cases theoxidation goes further 
' and converts a xiortion of the anthiuquinone into 
! mono-, di-. or tiioarboxylio acid, according to the 
j number of side chains jireseiit, thus 
j (1,3,8) Trimethylanthracene 

! Me 

: / 




Me, 


\ 


JiMe 


oil Dtiilatiiin yielciH first triniethyla«thraqTiinone 
Mo 

/' 


.CO, 


Me 

/'Ovy\ 

C.H/ I 'mo 

m-DUaethylulthianol. 


OH Me 


and ultimately (1,3,ft) anthraquinime tricar- 
boaylio acid COOH 


/\/^*\/\ 


[COOH! 




;OOOH 
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METHYL-ANTHRACENE, 


a-Methyl anthracene 

Me 

/\ 


AocorJing tci Itirulioff (Her. 20, 2000 ), 
a-mothyl anthracono may l>e juqtaivcl by tlie 
(lietillation of methyl erythroxy anUira(|Uiinmf 
with zinc-dust. O. l^’inclKT aiid 8 a])])er (.1. pr. 
Chcm. 1911, [ii.] 8 !l, 20J), obtained only a sninll 
yield of the mibstanee in tliiH manner; the main 
product was antliraetme. 1 dic best method of 
preparation, according; to tlie.«<“ authors, t;unsislfl 
in heating 4-ehloio-l-mothylunthraqumuno with 
zinc-dust at a very low red heat, a-methyl- 
anthracene erystalliaes in long colouileHs needles, 
haa m.p. and is iimtdi more Hohible in 

moatsolvonts than anthracene or H-methylantiira- 
ccnc. Its solution in alcoliol ^exlnbits blue 
lliioroscencc. With ])icne acid, a-tnothyl- 
anthraecno forms a com]iound cryataIJising in 
red needic.s, having m.p. JJIV'-llG'. 

9 : \{)-lhhydro-i'iii<l}iiil(ni(hrai(iii is obtained 
by reduction of a-methylaiitliraeene in boiling 
amyl alcoholic soltilion by means of sodium 
(Fischer and Ziegler, pr. Chem. 1!U2. [ii.] 8 (>, 
289). The substance is volatile in steam and 
crystallises in eolouiless needles, melting at JIO' 

4-Chloro-\-m(’llit/lanffirnccnc is obtained on 
boiling 4-chloro-1 -methylanthraquinone v itli 
zinc-dust and aqueous ammoma. it melts at 
112 " and, unlike the coni-sjiondmg quinone. does 
not part with halogen ou distillation \vilh ziiie- 
dust. 

The 'itlcroli erystallises from benzene in 
dark red needles, m.j>. UK". 


It differs from its 4-hydroxv rlerirative in 
, that it does not lose its methyl group on dis* 
I tiilation with zinc*dust. Since o- and P-mei\\y\’ 
: anthracene are obtained on submitting many 
■ natural products to zinc-dust distillation, it is 
I of imjiortance to be able to distinguish between 
j them. a-Methylanthraquinone differs from the 
; corresjxmding compound in turning red on 
' c.vposuro to light. Moreover it is oxidised by 
dilute nitric acid at 100 " to anthraquinonc-l- 
; carboxylic acid, wliicli ilcvclops a rose^coloration 
when heated with soda lime. Under those con* 

; ditioiis iuithraquiuone- 2 -carboxylic acid gives a 
I blue colour. 

] 1 •ChlorO‘l’nn'th//lanlftraq‘uinove, 

^ ' CO. 

1 /■/^\/\ 


I o-( 7 i-(Jblorotolu()yl) benzoic acid, prepared from 
p-ehlorot-oluene and pbtbalic anhydride, is 
heated at 100 " with oleum (20 p.c. SO 3 ) for one 
to t wo hours. 'J’he reaction mixture is added to 
; water and the precipitate collected, washed with 
: alkali and crystallised from acetic acid. The 
I yield is 4'4 grams from 5 grams of the acid. 
The substance crystallises from alcohol in slender 
i yellow ni'cdles, melting at 104", and is very 
stable to oxidising agmts (Heller and ychiilke, 
; Ker. 1908,4J, i). R. l\ 211907). A bromo- 

I derivative (M.l-.B., I). K. P. 200881) may be 
j jire}i.ued 111 nitiobeiizene solution. It melts 
above OOO' and crystallises in orange needles 
fioin ]iitrob(“nzeno. This substance is stated 
to dye cotion orange fiom a vat. 


9 : iO'Dihylro ■ 4 - chh)ro ■ 1 - vKthyhmihiaaiu. \ 
(Fischer and Ziegler, he. ) is prejiared by reducing ■ 
4-ohloro-]-m(“thylantliiHeene with hydrogen 
iodide in tilaeuil acetic a< id .solution. Jt 
crystallises Irom methyl alcohol in oolonrh'ss 
needles, melting at 47'-4H". 

0 : 10-/>?/<yifr()-9 : \K)-(hhriymo-4-ihloioimthyl- 
anthmeenf. erystullised in greenish jirisnis from 
toluene and is obtained by the addition of 
bromine to a solution of 4-(d)loro-l-metbyl- 
anthracono in carbon disulphide (Fischer and 
Ziegler, l.c.). 

\-ChloroA-mf’ihyl(tnihran()l is obtained by 
reduction of 4-chloro-l -methylunlbraquinonc 
by means hydrogen iodide in boiling acetic j 
acid solution. Bright yellow needles, m.j). | 
146"-146°, readily soluble in benzene and ; 
chloroform, more sparingly so in nlpohol (Fischer | 
and Ziegler, f.c.). 

a-Methyl anthraquinone ' 



is readily prepared by oxidising a-methylanthra- 
cene with chromic acid in acetic acid solution, 
only small quantities of anthraquinone carb¬ 
oxylic acid being produced. 

a-Methylanthraquinone crystallises from di¬ 
lute acetic acid in small white needles, w’hich, 
when exposed to light, become reddish-coloured. 
It melts at ]70"-171", is very readily soluble m 
alcohol or benzene, but diflieultly soluble in 
glacial acetic acid. 


4-A^/ro-l ■ludhyUtnthroq'u 'nume (?) is obtained 
by treating 1 -methylanthrnquinone with con* 
centrated nitric acid (Fischer and Ziegler, l.c..). 
Jl, eryhtalUses from acetic acid in glistening 
yellow needles, melting at 252". 

A-Amli’no-\‘7ndhylanlhiaqvi'no'nt may be pre¬ 
pared by boating 4-chloro-l -methylanthra- 
cjuinone (2 grams) with aniline (12 grams) and 
dry sodium acetate (2 grams) at 185° during 
ten hours. It crystallises from alcohol in red- 
(lisli-klaok needles, melting at 144°, and moder- 
ately‘roadily soluble in chloroform, acetone and 
lienzene. The corresponding jo-toluidino-de- 
rivative occurs in dark red rods, m.p. 169°~160® 
(Crruntiial and Ruthonberg, Ber. 1912, 46, 
71H1). 

2 -Hydroxy -1 -methylanthraquinone 



is obtained ly^Hbe hydrolysis of its methyl 
other with" concentrated sulphuric acid. It 
crystallises from acetic acid in yellow needles 
which melt above 3(X)°. Its red-violet potassium 
salt is sparingly soluble in water.^ 

Methyl ether. This is the product of the 
action of sulphuric acid at 166° on 4'*methoxy* 
5'-raothyl-2-benzoylbenzoic acid. It cirstalliBes 
in canary-yellow needles from methyl alcohol 
and melts at 184°. The substance is soluble in 
acetic acid or ethyl alcohol and may be sub¬ 
limed. It forms a monobromo* derivative, melt* 
ing at 228°, and when dissolved in fuming nitric 
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acid, yields a nitro-meihoxy-methylanthraquin- | yellow compound orystallisea from acetic acid 
one which forma canary-yellow noodles, melting and decomposes at 
at 179°. The latter on reduction with atamioua; 4-Hydroxy-l-inethyIanthraqulnone 
chloride in alkaline solution is converted into | 
the corresponding amino compound. This ' 

amino-methoxy-mothyl antliraquinone separates 1 C II I ] 

from methyl alcohol in bright red needles of! ' 

m.p. 187°. Acetamino-methoxy-methyl anlhra-. 
quinone crystallises from acetic acid in brown | (Methyl erytliroxyanthraquinonc). 

needles, melting at 204°. (In energetic nitra- ! 

tion, 2-methoxy-l-mcthylanthraqiiinone yields | is produced when a mixture of phihalic auliy- 
a trinitro derivative (llontley, Gardner and j dride and p-cresol is heated wi(li coiicentraled 
Weizmann, ('hem. Soc. Trans. 91, 1620). i suljiliurie acid (BiruKnff, l.c.). 


CH, 

Y\ 


5:S-Dichloro-2-h!/drori/-\-n)cthi/l{nitfiia<juinoiif : 
Cl CH, 





' (X) ' 


Me 

/ - 


Mo 


COv 


rjir 


OH 


I Prrjtaraiio —6 jiarts of phthahe anhydride, 
! 2 parts of p-eresol, ami IT) parts of concentrated 
[ sulphuric acid are heatedto ItXC for ton minutes, 

; Hie jirofluct jioured into water, the precipitate 
’ well washed with boding water, and extracted 
; with boiling diliiti' eanstio potash solution. 

I 4->Iydroxy-l-methylanihra(juinone is obtained 
from the alkaline solidyu by the addition of 
Iiydrochlonc acid in yellow flocks, which are 
icadily })unlied by vecryKtallisation from glacial 
acetic aeid The jmre substance is thus obtained 
in lioautiful <lark-brovvn needles, melting at 175°. 

This (jinnone may also bo obtained by the 
livdiolysis of its mi'thyl ether, either by means 
of acetic acid and hydrochloric acid at 100° 
under ])ressure or with c<mccnlratcd sulphuric 
acid. Furllior, the emidensation of phthalic 
anhydridii and p-eresol is well eiTected by fusion 
with boric acul. A benzoyl benzoic acid results. 
This quinone. has been synthesised by the arid thus, bv further treatment with sulphuric 
following series of oi>erationa (BIstrzyeki and ^cid. yields the quinone (Bentley, Gardner and 
Yssel de Schepjier, Bor. 31, 25175). The con-j Wi-i/nuuin, f c.). 

densation of phthalic anhydride and w-cresol I 4-HydiUy-l-methylaiithraquinone is almost 
yiolcb a benzoyl benzoic acid W'hu;h. on reduction, I ijiHoluble in ammonia and sodium carbonate 
furnishes 4-hydroxy-2'-mcthyldjphenylmctliHne j Holution, readily soluble in caustic potash solu- 
carboxylic acid. This compound, on treatment j tion with a red eolcjiatioii; wdth baryta or lime* 


3:6: Dichlorphthalic anhydride condenses 
with o-tolyl methyl other in presence of alu¬ 
minium chloride and the product is jirobably 
3 ; 6-{iich!or-3'-hydi‘oxy-2-o-toliu)yn)cnzou; acid. 
This acid on heating with fuming sulphuric acid 
and' bone acid, is converted to the quinone 
which separates liom acetic acid as a yellow 
flocculent powder, decomposing at 249°. It 
should be ixmiarked that m the above metliyl 
hydroxy compounds, the methyl gioup may have 
the position 3 (Walsh and Wci/.nuuin, (.'hem. 
Soc. Trans. 97, 991). 

3-Hydroxy-1 -methylanthraquinone 

CH 3 

.COy'X 




'CO 


,'ou 


with sulphuric acid, is changed with loss of the 
elements of water into l-mPthyl-3: 10-di- 
hydroxyanthraceno thus :— , 

CH, rA. 

/Xz-CH, - 




COOH 



This anthra-cene derivative crystallises from 
alcohol in needles melting at 224°. Its diacetate 
forms microprisms from benzene and melts at 
171°-173°. On oxidation with chromic acid in 
acetic acid solution, iiiis diacetate yields the 
acetyl derivative of 3-hydroxy-R-methylantbra- 
quinone. The derivative ciystallisea from al- 
oohol in yellow needles, melting at 130°-135°, 
and on hydrolysis with alcoholic potash the 
parent quinone is produced. 

3-Hydroxy-l-methylanthraquinone occurs in 
needles, sublimes at 260° and melts at 2y9°-300°. 
It dissolves in ammonia to an orange solution. 

6 :8- Dichloro - 3 • melhoxy - 1 * melJiylanthra- 
guiiume (Walsh and Weizmann, l.c.) is obtained 
in small yield by treatment of the benzoyl 
benzoic acid from dlohlorphthalic anhydride and 
m-tolyl methyl ether with sulphuric acid. The 


winter insoluble brick-red lakes are produced, 
j It dissolves in sulpliuiic acid with an orange- 
j yellow colour, sublimes very easily, and in all 
I its reactions, and also in its absorption spectrum, 
I shows great similarity with erythroxyanthra- 
i quinone. 

Fusion with potash converts 1 ^ with diffi¬ 
culty into a colouring matter which is probably 
a-methylalizarin. 

The aedak crystallises from at;o(.ie acid in 
yellow needles, which melt at 179°-186°. 

Methyl ether. 0. Fischer and Sapper (J. pr. 
Cheni. 1911, [ 11 . j, 83, 201) obtained this substance 
by the action (tf methyl alcoholic potassium 
hydroxide at 100° under pressure on J-methyl- 
4-cIiloroanthraquinone. They deijcribed it as 
consisting of yellow needles of m.p. 128° and 
reddening under the action of light. Bentley, 
Gardner and Weizmann (f c.) condensed phthalic 
anhydride with p-tolylmothyl ether and so ob¬ 
tained 2 '-methoxy- 5 '-methyl- 2 -benzoylbenzoic 
acid. The action of sulphuric acid at 160° on 
this compound led to the formation of the 
rngtiiy] ether of 4-hydroxy-l-methyl-anthra- 
quinone, described as orange-yellow needles 
from methyl alcohol, melting at 171°. 

3-A't7ro-4 ■ hydroxy • l^rntthylanthraquinmic (t) 
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is the product of the nitration of 4-methoxy-]- 
inethylanthraquinone (Fischer and Ziegler, J, 
pr. (Jhem. 1912, [ii.] 89, 292). It crystallises 
in glistening orange prisms from acetic acid 
and molts at 182®. It may also be obtained 
from 4-chloro-l-mothylanthraquinone by nitra¬ 
tion in prtjsence of bone acid (Fischer and Reb- 
sameri, Ber. 1914, 47, 494). 

5 : ^•Dichl(>roA-}i\idroxy-\-m<ihylan(hr(uiuin- 


Cl (;h, 


Cl OH 

3:0: DichiojjihUiiihe anliydrido was condensed 
by means of ahimiuium diloiide with p-tolyl 
methyl other. Tho resulting 3 : 0 dichloro-,V- 
hydnixy- 2 -toluoyl-bon/.oir acid wjia heal-ed with 
turning sulphuric add {JO p.c. SO 3 } in ])roHence oL 
boric acid for a few minutes at 130®. 3'he 
((uirinne separates from acetic acid in mioro- 
ucodlcs of m.}). 259“. Its brilliant red solution 
in eoucontrated sulphuric aeul exhihit'S jiurple 
tluorescence. Its a(;etyl dcruiitive forms huiion- 
yellow needles, melting' at IS I". 

When heated with sodium jilienoxide and 
cojqior jiuwder, one chloriuo atom is replaced 
by phenoxyl. 

'2,-N%tTO-‘i : 4c-dihydroxy -J ■nuihylanihrftquinove 
is obtained by treating 4-chloro-1 -methylantlira- 
quinonc with nitric aeid first in the cold and then 
lit 00®-70°. It crystallises from acetic acid in 
red needles, nielting al 217®-218®, and yields a 
diaeetyl derivative, yellow needles imdlinc at 
188®. The salts are intensely coloured and the 
potassium salt erystalii.ses in bhiish-violet 
needles. On reduction with stannous chloride 
and potassium hyilroxide the eoriespombng 
amiaohydroxymethylanthraqumone is obtained. 
This separates from benzene m dark red needles, 
melting at 285® (l‘’iaeluT and Ilebsamen, l.c.). 

5: T-JJiliydroxy-l-mdhyUiuthnKiuiitonv may 
be prepared by lieating 3 : 5*ibliydioxybenzoie 
acid (1 part) and //i-toluic acid (4 jiarts) with sul¬ 
phuric acid (25 parts) during ten liouis at llO"^. 
By crystallisation of tho jiroduct from benzene 
the more solubh' 9: S-diiiydroxy- 2 -methyl 
authraquiuone, wlueh is formed to some extent. 
IS removed, in a similar way condensation of 
3: 5-dihydroxybenzoic acid and o-tolmc acid 
results in ftie formation of ii: H-dihydroiy-i- 
methylantkraquinonc wlueh crystallises from 
other in orange prisms, melting at 24ti®, and forms 
a diacetyl derivative, melting at 19o® (Schunek 
and Marchlewski, '1'., 189t). 99. 70). 

4:9-(or 7) Dikydroxyd-imlhylatillunquiiionf' 

^ CH, CHa 

Ve -A) 


is probably, although not necwsarily, the di¬ 
methyl ether of the above quinone, is obtained 
by condensing 4-mcthoxyphthalic anhydride 
with p-tolylmethyl ether by means of aluminium 
chloride and subsequently treating the benzoyl- 
benzoic acid so produced with sulphuric acid 
(containing 90 p.c. SOg) in presence of boric acid 
below 40'. The substance crystallises from 
acetic acid and melts at 141®. One methoxyl 
group 18 hytlrolysed by the action of sulphuric 
acid at 110®. 

4:5:9 (or 4:7:8)- Trihydroxy-l - methyl • 
a7ith)(iquino)ic was obtained by Ijebermann and 
Koatanecki (Annalen, 1897, 240, 304) by hydro¬ 
lysis of its diiiu'lhyl ether, which is prepared by 
conden-sation of hemipinic acid and p-crcsol in 
presence of Hulpluinc acid. The same authors 
jirejiared 5:9:7- Inhydroxy-l - indhylanlhra- 
qinn.one by condensation of irt-toluic acid and 
gallic acid. 'I'lii.s substance melts at 235“-240®, 
and gives a tnacctyl-diTivative, melting at 217®- 
218°. An isomeric mcthylanthragallol, namely, 
9:7: S-lnhydroxy-l-indhylanthmquinone, golden 
yellow needles, melting at 297®-298° (triacetate, 
m.p. 208®-2J0®), is obtained by heating together 
equal jiarts of gallic, and and o-toliiic acids al 
I30'"-135® for 12 hoinu 


)3-Methylanthracene 


,Me 


/ 


This hydrocarbon is found in varying quan¬ 
tities, together nith antJnaCciu' and phciiun- 
threne, in the fiaetion of coal tar winch distils 
I alinvc 340®. 

il may be syiithcticaliy prepared by the fol¬ 
lowing reaetjons. 

1. By passing the vaitours of ditolylnudhane 
(Wnlcr,’ Ber. 7, 1185) (dilulyl- 
ctlianc (Fischer, Uiul. 7, 1M)5}, 

0]Ij.(!H((:.h,oiio2 

or of oil of turpentine (S(4iultz, ibid, 10 , 117) 
t hr< >ugh a red-hot tu be. 

It is best in this reaction to employ ditolyl- 
cthane, since the hydrocarbon from ditolyl- 
niethane is mixed with anthracene. 

2. By boiling p- xylylphenyllietone for several 
days on a leflux apparatus (Elbs, J. pr, Ohem. 
1890,41, 3). 


I 


''Me 


/\/ 


on 


4-Hydroxyphthalio acid or its anhydride, 
when fused with boric acid and p-cresol, yields 
a beiizoyibenzoio acid from which, by the 
further aotion of sulphuric acid, this quinouo is 
obtained. The substance crystallises as ^ a 
yellow powder from alcohol, and melts at 244®- 
246°. 

A methyldimethoxyanthraquinone, which 


* 3. By the distillation of chrysophanic acid 
‘^niodm (Lietwrmann, Aima- 

loii, 183, 193), colopnomura, benzoe resin (Cia- 
niician, Ber. 11, 273), chrysarobin 
^Liebermann and Heidler, Annalen, 212, 34) ana 
methylqumizann© (Nietzki, Ber. 10, 

2013) with zin^dust. 

According to Scholl (Monatah. 1018,39,237), 
^■methylanthracene is best prepared syntheti- 
1 cally by reduction of 2 -methylanthraquinone 
with hydriodic acid and phosphorus. The 
: melting-pomt of the substance so obtained is 
' 206®-207®. 

Prejiaration (Japp and Schultz, Ber. 10,1049), 

. Tho high boiling distillate of coal tar, known 
> as crude phenantbrene, is freed from the 
greater part of the anthracene it contains 
by oxidation with potassium diohromata and 
sulphuric acid. The dark brown mass m 
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extracted with hot alcohol, the well-cooled solu- 
tioa allowed to deposit as much anthracene and 
phenanthrene as possible, the mother-liquors 
which contain the inethylanthracene evaporated 
and the residue repeatedly recrystalhsed fron» 
alcohol. 

j8-Methylanthracene crystallises from alcoliol 
in pale yellow needles and melts at 202'^-2tKl^ 
Jt sublimes readily when heiitc<I continuously at 
100°. It IS difficultly soluble in ether, alcohol, 
glacial acetic acid, acetone, and light petroleum, 
readily soluble in benzene, chloroform, and 
carbon disulphide. 

Oxidation with nitric acid converts it into 
mothylanthraqumoiie 

Chromic acid oxidises it for the most part direct ' 
to anthraquinonc-2-carboxylic acid 

Methylaiithracene coinluncs witli punc acid, 
forming a compound which crysialliscs in large 
rod needles ; alcohol and water decomjjose tins 
compound. 

When suiiUghi acts on a lieu/.eiu' sulutiiui of 
the hydrocarbon.a dnnende, bis-^-niethyiauthra- 
eene, is formed (OrndoilT and Mi'graw, Anu-r. ^ 


j3Methjlanthraqulnonet;,H,/ P** 

\co--\/ 

(0. Fi-scher, Ber. 8, 076) is obtained by boiling 
methylanthracene in alcoholic solution with 
nitric acid, or by carefully oxidising the hydro¬ 
carbon with CrOa, in which latter case, how¬ 
ever, considerable quantities of anthraquinone 
and anthraquinone carboxylic acid are also 
formed. 

It has also been isolated from the by-products 
which accumulate in tfio manulactiire of antlira- 
qinnonc (Wachondorff and 2iuclv0, Ber. 10,1486 ; 
Bornstcui, ibid. ID, 1820). This substanco is 
identical with the methylanthraquinonc which 
is obtained Hyiithctically by licating ji-mcthyl 
bcnzoylbcnzoic acid with concentrated 8ul]»huric 
aciil ((jJrcsly, Annalen, 234, 230). 


*^•‘‘*'<00011 


I 'Mhi 


This hitter )»ivpuration is carricil out in the 
tollowing manner- 

The j»owderc<i acul is slowly added to 7 or 8 
litm*s its weight ot concentrated suliihunc acid, 
ami tlic: mixture gradually heated until at the 
end of Jialf an hour the tomporalure has risen 
to 120 -125". 

'riu! (Hear dark browuish-rcd coloured solu- 


Chem. .1. 22, J62). It crystallises in ihomlnc 
crystals from toluene and inclU at 228'. The 
substance m sparingly soluble and is convert ed 
on melting or solution in xylene into ^-niethyl- 
anthracene. 

0 : \i)-Dibnmo-'l-i(ulh!il(tulhnH'eVi‘ 


is produced by treating methylanthiaceJic m (;S_^ 
with bromine ; it crystallises from glacial acetic 
acid ill yellow needles, m.p. 142"-143". 

The position of the halogen atoms is jiroved 
by the oxidation of the substance to 2-iiu‘thyl- 
anthraqumone. * 


; tioii iH kept at this lemjierature for about an 
iiuur, allowed to ciiol and i>oured into much 
I water. Steam is passed througli the liquid for 
I some time, the })reei]utate rollecled, washed well 
: first witli water, and lastly with dilute ammonia, 
I drie<l, and the greenisli-ycHow mass piirifiod by 
' reerystalliKation from a mixture of xylene and 
, alcohol. Yield 7d--76 p e. of theory. 

)3-Methylanthruqunionc subhines in yellow 
needles, m.p. I7t>'’’-177"; moderately soluble m 
j ether, acetone, chloroform, or hot alcohol; 

! difficultly soluble lu glacial acetic acid and 
; benzene. 

, \-C1doro-2~m(.lhylanlhraquiHO‘tie. 2-Mctliyl- 
! antliraquinone (16 parts) is heated with nitro¬ 
benzene (25 parts), iodine (1 pari), and sulphuryl 
; chloride (16-20 parts) at 100'' (I). R. P. 209240, 

' 293160; Fr. Pat. 400,432). 


Telrabromomelkylanthracene (Jj^tl^Br^ is, 
formed when cUbromomethylauthracene is i 
treated with bromine. It* crystallises from j 
toluene in yellow needles. Oxidation with | 
nitric acid converts this compound into dibromo- 
methylanthroquinone * 

The action of halogens on 2-mcthylanthracene 
has been studied by Fischor and Reinkober 
(J. pr. Chem. 1916, Lb-l 92.49). w'ho find that the 
products vary much according to the conditions 
employed. In benzene chlorination gives a 
mixture of mono- and dichic^-derivatives, 
whilst in chloroform the hexaohlifro-derivative, 
melting at 193°, is obtained. A mixture of i 
mono- and dooaohloro-compouiuls is ultimately ; 
produced in a concentrated solution in carbon i 
disulphide. « 

2-Metkplanthranol (Limpach, Annalen, 1900, ; 
237, 261). This compound, m.p. 100°, is pro- ! 
duced by the action of sulphuric acid on o-(p- 
methylbenzyl) benzoic acid. It may also be 
obtained by reducing 2-methylanthraqiiinone 
with aluminium bronze in sulphuric acifl 
solution (Bayer, 1). R, P. 201542). ' 


‘,\-(!hloro-2-m(tltiflaiUhTa({uinonf:. 'Phis sub- 
Htanco was first obtained by Heller and Schiilke 
(Ber. 1908, 41, 3<i37) who condensed plithalie 
anhydiide witli o-ciilorotolueno in presence of 
aluinimum chloride and heated the resulting 
o-(o-(;hlorutoIuoyl) benzoic acid with 20 p.c. 
oleum. Subsequently IJllmann and Dasgupta 
(Bor. 1914, 47, 657) described the same process 
with slight modifications and obtained a yield 
of 02-93 p.c. of the theory. This derivative 
crystaiiises from alcohol in colourless needles 
(11.8.) or plates (U.I).), melting at 2J2'-'-213° 
(compare also D. R. P. 206218, 21J9«7). 

‘,)-liromo-2-methylmithra(jimione has been pre¬ 
pared from o-bromotolueno in an anala^us 
manner by Griinthal and Rulhouburg (Ber. 
1912, 46, 796). Tiie yield was 86 p.c. of that 
theoretically jiossible. The compound occurs 
in long pale yellow needles and melts at 219°- 
220°. D. R. P. 210715 describes the preparation 
of an isomeride by direct bromiaation of 2-methyl- 
anthraquinono at 170°. This melts at 200°-202'', 
and in all probability hydrogen in the methyl 
group is displaced. 
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\-lodo-2’methyla'nthra(iuinone. This deriva* 
live was obtained by Scholl (Ber. 1907. 40, 
1091) in tlie course of his work on the synthesis ' 
of flavanthrene 7t crystallises ju brmvn ' 

leaflets, melting at and results from thei 
action of potassium iodide on a solution of! 
diazotiseU l-amino-2-methylaiithraquinone. ! 

JHbromo-2-mcihylanlhraquinone. m.p. 140'\ 
may bo obtained by broniinating o-(p-toluoyl) 
benzoic acid and subsequently closing the ring 
ill the usual manner. 

Dihromomclhyl-avdiraqtiino7(c is obtained by 
the action of bromine at on ^-niethyl- 

antbraquinone. It is colourless and melts »it 
210''-220‘' ((). FiscIht, J. pr. ('hem. 1909, [ii.] 
79, r.55). 

oj-Dichloro-^-incthylanlhraqui nortr is obtained 
by chlorination of mcthylanthraqumonc. Tin; 
substance melts at 200" and is converted by the 
action of sulphuric acid (0()'^ BaujmS) at 130" into 
^-antliraquinono aldeliyde (BadiHcJie Aniliri 
und Soda Fabrdv, ]>. 11. 174984). 

•i-Chloro-2-diltrmio)fuihyla7i(hr<iqiHiio7u is ob- ■ 
tained in 91 ]).e, yield by the broinination of 
3-chloro-2'mcthylanthra(iuinone in closed ves¬ 
sels at lOO^-no" dining five houis. The 
substance crystallises irom tolueni' in hexagonal 
leaflets, melting at 210 ''’ 211 ' (lUlnmnn ’nnd 
Dasgupta. I.r,.). 

Mclfif/laufhr<i<imn(»i( disiiljdtonic acid {(). ^ 
Fischer, l.c.) f'ullR(lh^O,j)-^^- ' 

Prcpaxiiuiv. —- IVletliyianlhuiquinom^ is , 
heated with 5-0 parts ol luiuing sulphiiue acid 
for several liours at 250"-270". The alkali salts 
and the barium and calcium salts of this acid 
arc soluble in water. Fusion with potu'^h eon- ; 
verts the acid into mothylahzariii. i 

Ndromdhjlaidhraqurnouc \ 

or t'irj-(\JI,(N(>,)(), 

VTf -pariiiion —MethylanUiraqiiinone (2i)arls) ! 
is dissolved m concentrated H.SOj (12-14 jiarts), | 
and to the resuHing solution KNO 3 (1 part) is ' 
slowly added. The jirodiiet atter standing 24 
hours is carefully mixed vith water, tlie prcci])]- 
tate colleeted, and extracted repeatedly with 
alcohol until the filtrate is only slightly yellow ish- 
eoloured. The resulting nitromel hy lantliraqum- 
ono is purified by roerystullisation from acetic 
acid {Romerand Link, I3er. JG, 095), from which 
solvent it is obtained in yellow needles melting 
at 269°-279'^. It is difficultly soluble in alcohol, 
ether, benzene, chloroform, glacial acetic acid, 
and ethyl acetate, readily soluble in nitrobenzene. 
It disBOlveB in Bul}>hurie acid, producing a yellow 
solution which on warming turns brown. Water 
precipitates from this solution a purjile precipi¬ 
tate, which dissolves in alkalis with a violet- 
blue colour. Nitromethylanthraquinone Bub- 
limes in small almost colourless needlcB. It is 
not decomposed by boiling caustic potash solu¬ 
tion. 

1:5- Dinitro - 2 - mcthi/laidhrnquinonc. 'J’o- 
gothcr with the 1 : H-isomcridc this eomjiouml 
is prepared by the action of a mixture of sul¬ 
phuric and nitric acids at 60°-70” in 2-methyl- 
anthraquinone. The concentration and amount 
of nitric acid is in this case greater tlian in the 
experiment described above. The 1 : 5-deriva¬ 
tive is more sparingly soluble than is the 1 : 8- 
isomeride in boiling glacial acetic acid. It is 
bright yellow and melts at 25r-262®. 1:8- 


I)initro-2-methylantliraquinone melts at 189*- 
199" (ISchaarseliinidt and Stahlschmidt, Ber. 
1912, 45, 3454). 

Aminomethylanlhraqvin^yne, 

(;h3C„h,{nh,)o„ 

is readily produced by the reduction of nitro- 
mcthylanthraquinonc with HiiClg (R6mer and 
Link, l.c.). The freshly preeiintuted nitro com¬ 
pound is adiled in Binall quantities at a time to a 
dilute floliilion of »Sn( 'h in KOH. and the product 
heated nearly to boiling. The je.MiiKing precipi¬ 
tate. wliudi mu.st dissohe completely in excess 
of l old IS ])urilied by reerystallisalion from 

dilute lf(1’heH'duetion of nitromethylanthra- 
(juinone may also be readily (“fleided by means 
of a hot aqueous solution of sodium suljihide. 

Aminoinethylantiiraquiiione eiystallises in 
glittering rod needles winch leolt at 202°, and 
Hiihlimes on heating in long daik red needles. It 
IS almost nisoliible in water, readily soluble in 
ak'oJiol, ether, ehloioforni, benzene, and glacial 
acetic acid. Boiling with hydnodic acid and 
phosphorus converts it into uinmomethylanthra- 
nol; at 150°. however, aminomethylanthia- 
eene(hhydrid(5 results. 

'J'lie acclyl-da ii'ativf, 

eiyBlallises from glacial acidic acid in yellow 
needles, m.p. 17G"-177.° 

All i.soMieiic aminomelhylanthraquinoiie, 
probably 2-ami)io-H- (or 7; mcthylanthraqumone 
IS jmqmred from aimno-p-toluoylbcnzoic acid 
by healing with SO ]i.e. suljihurio acid at 200". 
It cryHtallises m brick-red needles and melts at 
175° (D. It. J\ J34917). 

1; ',i-J}iami7to-2-meihyl(mlhraquinone. 1 : 3- 
l)initro-2-p-toluoylbenzoic acid is reduced to the 
corresponding diamino-acid by means of iron 
and dilute acetic acid. The conversion of the 
latter to an anthraquinone derivative occurs 
with unusual facility and it suffices to heat the 
substance with acetic acid. The diaminomc- 
thylanthraqiiinonc crystallises in yellowish-red 
needles which melt at 273°-27G° (1>. U. P. 
20603G). 

1,: A-[)iamino-2 mUhylaiUhraqvi7i<)'nc crystal- 
lises-froin alcohol in dark violet bronzy needles 
melting at 252°, It is obtained from the 
lactam of 2; 5-diaibino-p-toluoylbenzoic acid by 
heating with 5 p.c. oleum at 180° (1>. R, P. 
260899). 

1: H-Dianmio - 2 - imAhylantliraquinone and 
1 : 8-diatnino-2-methy)anthraquinone arc ob¬ 
tained by the reduction of the corresponding 
mtro-denvatives {ride supra) with sodium 
sulphide. The former crystallises in red 
needles from acetic acid and melts at 201°-202°, 
and the latte|af!parates from toluene in brown- 
red needles, melting at 206°-208°. 

A lnanmio9ndkyla7Uhraguino7ie of unknown 
constitution has been described (D. R. P. 206036). 

]‘Bromoa7mno-2-inethylanihraquinone is the 
iirst product of the. action of bromine on 1- 
amino-2-methylanthraquinone. It crystallises 
in brownish-red needles, molting at 216°-216° 
(D. R. P. 131402). Further, a considerable num¬ 
ber of nuclear substituted chloro- and bromo- 
amino- and diamiuo-methylanthraquinones have 
been mentioned (D. R. P. 131402 and 206218), 
but these are of unknown constitution. It is 
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stated that certain substances of this type may 
be employed for the preparation of sulphurised 
vat-dyes. 

l-Hy<lroxy-2-methylanthraquinone (Weiz* 
mann, Bentley and Gardner, l.c.) 

OH 

A'^O'-./Xch, 


Phthalic anliydridc condenses with ortho- 
cresol in presence of boric acid at 170° and yields 
2'- hydroxy • 3'- motliyl - 2 - bcnzoylbonzoic acid. 
The yellow solution of tins substance in con¬ 
centrated sulphuric acid goes red on heating 
and yields on dilution ibis hydroxyanthra- 
(juinone. It forms yellow noodles on crystallisa¬ 
tion from acetic acid an<l melts at 184‘^-18r>°. 

3-Hydroxy-2-methylanthraquinone' 






'',Me 

;oH 


Pri'ixtrulioii (Fraiidc, Aimaloii, 202, bl3).— 
By heating 2 jiarts ot o-crcsol, 3 jiarta phthahe 
anliyilrido, and 100 ]nirls ol sulphuric acid at 
1()0“ for two days. The product is poured into 
water, extracted repeatedly with ether; the 
ether distilled off, the residue dissolved in dilute 
soda, acidilied with IKJl, and the preeijntate 
puritiod by sublimation and recrystailisution 
fnmi alcohol. 


,CU 


Mo 

Olf 




i XK / 




Me 

,'UH 


with small (quantities of water until the result- 
ing precipitate becomes reddish-coloured. 

The well-cooled product is slowly mixed with 
a solution of KNOj until the precipitate becomes 
light yellow and free nitrous acid is evolved, 
then an equal volume of water is adde^i and the 
whole heated to boiling. 

The precipitate is collected, dissolved in 
boiling dilute caustic potash solution, precipitated 
I with HCl, and rocrystallised from alcohol. 

I Hydroxymethylanthraquinoni* crystallises 
from alcohol in orange-yellow noodles which 
I melt at 177°-178°, and sublimes in long thin 
j yellow plates when carefully heated. Jt is almost 
; insoluble in water, dillicultly soluble in alcohol, 
j readily soluble in ether, and benzene. Cold 
j caustic potash solution di.ssoives it sparingly. 

I Fused witli potash a small quantity of a 
j colouring mat ter is produced which dissolves in 
j alkalis with col irations similar to those produced 
i by alizarin. Jlydroxymethylanthraquinono, if 
! fresJily jireeijutated, dissolves in boiling lime 
! or baryta water, but is insoluble in sodium 
j carbonate or a solution of alum. Its alcoholic 
I solution IS not precipitated by alcoholic lead 
! acetate. 

' The wyctalr, ('IIj’ 0 i 4 ll«t>^( 0 ^H 302 ), crystal* 

j lises fnim alettho! in o'-angc-yellow plates which 
melt at 177°. 

I Dihydroxymethylanthraquinone (a-mothylali- 

' zann), 


CO ^ 

OH 




;Mc 

,()H 


JlydroxymethylanthiiKiuinone melts at 2(30'- 
202°, 18 readily soluble in alcohol, ether, and 
acetic acid; it dissolves in alkalis, also in lime 
and baryta water, forming a dark reddish-brown 
solution. When strongly heated it .sublimes in 
golden-yellow leaflets. 

Bromoh ydroxymeUi yin iiihru'i ii. i n ihi c 

^ 8^1\ 1 

Br 

is obtaiiiod by heating 4 parts of dibro\iU)-o- 
ci-csol phthalemc ^ 

phthahe anhydride and 200 parts of sulphuric 
acid at 160° lor five hours. 

rimall yellow noodles, m.p. 206°. Fuhk^i 
with potash converts thiH substance into 
a-methylalizarin. 

4-Hydroxy-2-methylanthraquinone, 


IS readily piepaK'd by fusing inethylaiithraquiii- 
oiiedisulphomc tieid (0. Fisclier, l.c.), hydroxy- 
methylanthraquinono, or bromoiiydroxymethyl- 
' anthraquinone (Fraude, Annaloii, 202, 160) with 
I potash. Tlio mass is dissolved in water, acidified 
j with 1101, ainl the precipitate purified by subh- 
! mation. Orange-yellow needles, m.p. 260°-262°, 
moderately soluble in alcohol, ether, and acetone. 
Thi! calcium and barium salts are insoluble blue 
precipitates. 

'I’ho ab 0 orpti<ui spectrum of a solution of 
; this substance in concentrated sulphuric acid is 
! lepresentcd in Fig. 1. 

BCdD 


• Eh E 

Fiq. 1. 



Bentley, Ganhier and Weizinann {Ir.) ob¬ 
tained this quinono in a manner analogous to 
the preparation of l-hydroxy-2-methylanthra- 
quinone, by substitutmg m- for o-cresol. It 
melts at 178° and consists of yellow needles 
which are crystallised from acetic acid. A 
quinone probably identical was obtained by 
Kfimer and Link (Ber. 16, 700) from the amino- 
metbylanthraquinone desoribed above. 

Prtparation, —Aminomethylanthraquinone is 
dissolved in sulphuric acid, and solution mixed 


It ooiTCsjiouds very closely 'vith that of alizarin 
itself (Licbermann and Ivostanccki, Bor. 10, 
2330). Mcthylahzarin dyes mordanted cloth 
similarly to alizarin, but accordi;ig to some 
authorities the tinctorial power of methyl- 
alizarin is much inferior to that of alizarm, 
hence the intrudiiotion of this substance into 
artificial alizarin is avoided by tho alizarin 
manufacturer as much as possible. 

Methylpurpuroxanthins. 

6: T.Dikydroz7j-2-mdhylarihraquino7ie 

OH 
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3:6-l)ihydroxybenzoic aoid (4 groms) and -p- 6 parts of concentrated sulphurio acid for 6 to 
toluio a^d (16 grams) are heated to 110® with 10 hours at 140®-160°. It forms orange 
sdphurio aoid {200 grams) during three hours, leaflets from alcohol mixed with benzene, or it 
The compound melts at 207® and forms a may be crystallised from a large quantity of 

derivative which cnrstallises in yellow needles, alcohol and obtained in beautifm ruby-red 
™'?1. (Marchlewski, T., 1893, 63, ; needles. It has the curious property of melting 


1142). 

1; ''i'Dihydro'xy-2-m€lhyla‘nihraquinone 
OK 

2: G-i)iiiydroxy- 7 »-toluio acid {4 grams) and 
benzoic aoid (16 grams) are Jiouled together 
with sulphuric acid (200 grams) at 110 -120'' 
for fifteen liours.. The substance crystallises 


at 165®, resolidifying and melting again at 176®. 
The sublimed qumone melts at 176°. Tbe 
solution in dilute caustio soda is violet-red. 

Diactlyl derivative .—This is readily produced 
by the action of sodium acetate and acetic 
anhydride. It crystallises from benzene, is 
intensely yellow, and melts at 204®. 

0:7-Dihydroxy-2-metbylanthraqulDone and 
6 ; 6- (or 7 : 8) dihydroxy-2-methylanthraquInone 
(Niemoiitowski, l.c.). 

The 6: 7-dihydroxy compound is the main 


- -, -— ......-- /.Qinyaroxy compouna is rno mt 

from bonzoue m oranj^ needles, molting at 290 . p,otluct when caWcho! is substituted for hydi 

It" 7 V qiunono in the above proiiaraiion. It crystal 

Marchlewski, T, 1894, 65, 183.) ■ . ^ ^ 


Methylqulnizarin (Nietzki, Bar. 10, 2012) 
Oil 






,M(> 


lises from aciitic acid m yellow inicro-nocdlos 
and melts witli decomposition at 320®-340®. 
Its diacctato forms straw-yellow needles from 
alcohol, ni.p. 208®. The 6; 6- (or 7:8) di 
liydroxy compound is produced in small quanti¬ 
ties m tlio same reaction. It crystallises from 
a little benzene m orange-red needles and melts 
Thm isom.ucle ul I'nclLylah.ana pioduc.d , ““J ’Idictate crystallis™ 

hy heating a mixture of hydri.toliquinuiie 'f 
and phthalio anhydride with 8-10 parts of sul ^ .j' 


MK. 

1 

( '.0^ 


OJi 


<'o^ 


CO 


Me 


phuric acnl at 130'^-J50® foi two to three houis. 
The product is treated with water, the prceiju- 
tato repeatedly extracted witli hoilmg water, 
and purified by rccrystaihsatioii from benzene 

OK Oil 

XXK 

C,H.' \0 I 

^CO 

OH OK 

Methyhpiinizanu cryslalhsca m long fine 
bent needles whiclj inidt at IfiO'-' and sublime 
with slight decoiujiosition. Tin* solutions in 
ether and alcohol are fluorescent. Oistillcd w ith 
zinc-dust methylantliracene is Jorinod. 

'i'ho absorption siiectrum of methylqumiz- 
arino dissolved in suljihuric acid is represented 
m Fig. 2— 


BCdD 


Oihydroxy-2-metbylantbra- 
qulnone (Bontiey, (rardnor, and Weizmann, 

/<■.). 

' 4-llydi'oxyplitlialic anhydride and w-cresol, 
when fused with boric acid at 180®, yield a 
benzoylheiizoic acid m which the cresohe 
hydioxyl i.s in the ortho- position to carboxyl, 
Witli fuming suljiliuric acid the substance 
, condenses to the qumone, which separates from 
' glacial acetic acid as a yellow crystalline pow-der 
of m.p. 284®. 

)3-M8thylaDthragallol, 5:6:7-tribydroxy-2- 
I methylanthraquinone 


HO, ' 

“<AcoA/^ 


|CH, 



OH 

Formatiun .—By heatmg a mixture of gallic 
acid and p-tuluic acid to 130® ((Jahn, Annalcn, 
240-284): , 

OK 


Fig. 2. 

and is very closely allied to that of iiuim/.aiiii 
itself. 

Methylquinizarii) when treated with acetic 
anhydride yields a diaedate Ci,H,(C 2 H 30 ); 04 , 
which orysta'dises in yellow neeoles, m.p. 1K6°. 

6 :8-Dlhydroxy-2methylaiithraqulnone (von 
Niementowski, Her. 23, 1834) 

OH 

I ! ; r^* 

\/^CO-'\/ 

OH 

i 

This substance is prepared by heating 
together equimoleoular quantities of 1-methyl- 
3 : i-phthalic anhydride and hydroquiuono with 


HOf ^ 

Hol .COOli 

\/ 

OH 


COOH-^ 


;Me 


.Sublimes iu oitugo-red needles, m.p. 270°. Us 
other properties are very similar to those of 


B 

Cd 

f 1 

? 

L 


r ( 

3 



J 



hh_ 



Fia. 3. 

aiithragallol itself. The absorption 8}iccti'uin of 
its solution in sulphuric aoid is shown in Fig. 3. 
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2-MethylBDtlm9uinoiM-i-meruipiao 

SH 

/V-co^/Xj, 

II 11'“'’ 

jl-Aininu-2-methylanthraquinono is converted 
into the mercaptan by djazotisation and treat¬ 
ment with potaesium xanthogenate (Gattermann, 
Aunalon, 1912, 393, 165). The substance 
crystallises from acetic acid in vellow needles 
which molt at 193®-194°. The following deriva¬ 
tives may bo mentioned: Disulphide, yellow 
needles, m.p. 247® ; methyl thioolher, orange- 
red needles, m.p. 124®; aiilphoiic from the methyl 
thioother, yellnwish-ied i)iates, m.p. 198° ; ethyl 
thioether, oraiigc-red leallcta, m.p. 99°; benzyl 
thioether. orange-nrd needles, m.p. 139°. 

Miscellaneous dyes derived from ^-methyl- 
anthraquinone. —The more important dyestuifs 
ilerived from metbyhmthiaqumorio dirc(;tly or 
indirectly arc treated in other sociuui.s of this 
work (c.y. Flavanthrene, Pyranthreno, certain 
Algol colours, Indanthreiie Iterl DN, and many 
others), and the compounds here included are 
for the moat part ol unknown constitution. 

Anthrafiavone G(Had. 1). U. P. 199750,1905 
Schultz, i^o. 759) IS obtained by lieating 2 
methylanthraqumune with concenl rated aho 
hollo potassium hydroxide at 150’ -170°. The 
product is poured into v^ater and o.xidisod by 
means of hypochlorite. It is a yellowiah-green 
]K)wder which can be sublimed and gives a led- 
violot solution in sulphuric acid. It is a greeiush- 
yidlow vat dyestuff. 

CtbaTwne Oranqc H (J>. It. I*. 209231,209232 ; 
Schultz, No. 792). 2-Mctliyiaiithraquinonc is 
fused with suljdiiir and tlie I'rodiK t oxidised. 
This orange cotton dyestulT is a icd-biown 
powder. 

Cibamne Brou'ti B(D. K. P. 204968; ScliuUz, 
No. 8G8) is similarly ohtained from l-aimuo-2- 
metliylanthraquinone by heating with suljihiir. 
It IS a brown-black powd<T and dyes cotton 
brown from a vat. 

Cyamiilhrol If P.131873; Schultz, 

No. 869) is a reddish-bluo acid dyestuff for wool 
or silk. It is stated to be a derivative:? of 
methylanthraquinone. • 

Cyana7UhrolG{B){\'> It. P. 132022; Schultz, 
No. 800) is a similar <lycst<!ff giving greenish- 
blue shades. 

A brown dyesiuil for cotton is said to be 
prepared by the addition of aluminiuin powder 
to a solution of j8-inethylanthraquinonc in sul¬ 
phuric acid at 20°-40°, the mixture being sub¬ 
sequently heated at 100°-120° (D. R. P. 20343G). 
An orange sulphur dyestuff is obtained from 
)9-methylaiithraquuiono or m-chloro-^-methyl- 
anthraquinone (D. R. P. 22317(*) by heating 
with sulphur and then sulphuric acid, the pro¬ 
duct being finally oxidised by means of sodium 
hypochlorite. The thionation of 3-chloro-2- 
methyl-anthraquinono leads to the production 
of an orange-yellow vat dyestuff (T). it. 1’. 
213500). 

o)^DibrofiiO’2-melhylanlhraguin^7i€ heated 
with copper powder in nitrobenzene solution 
gives rise to a vat dyestuff (D. R. R 267546) 
which may be 1: 2: 6:0-diphtlialoylanthrocone. 
a>-Dichloro-2-methylauthraquiuoiie gives a yel¬ 
low vat dyestuff, when condensed with thiourea 


(D. K. F. 241806) and other dyestuffs of a similar 
type are known, for example, that from 2-hydra- 
zinoanthraquiuono and anthraquinone-2-alde- 
hyde or o) - diohloro-2 • methylanthraquinone 
(D. R. P. 240520, 241786). 

('Considerable confusion exists in the literature 
w'itii respect to the anthracene and anthiu- 
quinone carboxylic acids. 

Anthracene-lO-carboxylic acid (Licbermann, 
COOH 

(Iraebc, Her. 2, 678) ('eH,. The 

\/ 

chloride of this acid is produced by heating 
anthracene with ('OCL to J80°-2()0®. 

The acid crystallises from alcohol in long, 
silky, pale yellow needles, wliieli melt at 206° 
with decomposition. It is almost insoluble in 
cold water, readily soluble in alcohol. On dis- 
filiation with B«da lime it decomjioaes into COj 
and anthracene. 'Fho salts are mostly soluble 
m water. 

Anthracene-1 -carboxylic acid 


/\ 

l 


(JOOH 

\/\ 

i j 


[ Tlie iiitnle of this acid is inodueed by distill- 
I nig suclinin anthracene a-numosulphonate with 
j potasKinm cyanide (IJebermann and Pious. Bor. 

! 37 . 646 ; see also fiiehermann and Rath, ibid. 8. 

1 246, and Dienel, ibid. 30, 926). The nitrile 
I crystallises from alcohol in yellow leaflets, m.p. 
126", and is slouly hydrolysed by alcoholic 
potasli with formation of the potassium salt of 
anthraeene-l -carboxylic acid. 

The aci<l may also be prepared by the reduc¬ 
tion of anthraquinone-l-carboxylic acid with 
zinc-dust and ammonia (Graobo and Blumen- 
fcld. ibid. 30, 1118). The acid forms yellow 
needles or prisms on crystallisation from alcohol 
atul melts at 245°. It sublimes undecomposed 
; in needles, is sparingly soluble in benzene amt 
j ether, readily soluble in alcohol and giaoini 
acetic acid, msoluhh^ in water. Distillation with 
j sofla lime decfimjmses it into <'()^ and anthra- 
] ceiic. (’hroimc acid oxidises il to aiithraqumono 
I carbo.xylio acid Ci 5 lJg 04 . Tfie acid and its 
i salts possess a blue flutu’oscence.; the latter arc 
' mostly readily soluble in water. The Ha and 
i Ca salts dried at 130" arc yellow Amorphous 
! powders. The Pb salt is a flocky precipitate. 

The amide of the acid is produced by the 
, action of ammonia on the yellow oily chloride. 

; It crystallises from alcohol and melts at 260° 
(Graebe. Blumenfcid), 256" (Dienel). 
Anthraquinone-l carboxylic acid 



i Tins acid is prepared by oxidising 1-methyl- 
aylhracene with chromic acid (Liebormann and 
Hischoff, Her. 13, 49), or by the hydrolysis of 
its nitrile (see below). A method which leaves 
no doubt/as to its constitution has also been 
employed (Graebe and Leonhardt, Annalen, 290, 
231; Graebe and Hlumenfeld, Ber. 30, 1115). 
Jlemimellitio anhydride and benzene in presence 
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of alummium chloride yield a mixtare of 
S-benxoylphthalio acid 

COOH 

^ HOCO,^ A 

. \/\CO^\/ 

and 2-benzoyli3ophthalic acid 

(«0H 

IIOCO-'\/ 

Each of thcBO acids, wlicn heated with sulphuric 
acid at 14r>‘^-15(>°, is cliauged to aiitiiraquinone- 
1-carboxylic acid. 

Probably the most convetiient method of 
preparation is that ilescribed by Ullmann and 
iSchaik {Annalen, ]bl2. 388, 2i)3). nho apidy 
the Sandmeyer reaction to a-aniinoanthra- 
(piinone. The intermediately produced nitrile 
(see below) is hydrolysed by means of hot 
concentrated sulphuric acid mixed with one- 
third of its volume of water, and the over-all 
yieltl is about 70 p.c. of the theory. 

It crystalbses from glacial acetic acid m long 
pale yellow iieecilcp, w’hich melt at 203°-294^'. 
With caustic potash and zme-dust, it develops a 
blood-red coloralhm. The barium salt- is 
sparingly soluble, It-s methyl ester is sparingly 
8<*liible 111 cold mfd-hyl alcohol and has m.p. 
180“. Tlio rtliyl ester fiom tlxe jieid and al¬ 
coholic hydroehloiic acid has m.p. H>0“. 

AilrUc. (Dienel, l»er. 30, 02f)). Tina deriva¬ 
tive is obtained by the distillation of sodium 
antlir-'iqumone a-auljihonate with jiotassiuin 
cyanide, by oxidising the nitnlo of anthracene- 
l-carboxyhe acid, or by the method alreaily 
described above. It foinis goid-yeilow leallets 
of m.p. 21(>"-217“. 

The amide has m.]). 280®. 

^•Chloronnihragutnonf -a-cai bouylic aciiJ has 
been obtained by the oxidation fo ^-cbloroaec 
anthrcnoquiiionc by iricans of chromic acid in 
acetic acid solution. It forms yellow needles, 
melting at 244°-24()®. a-Chloroanthraquinone- 
a-carboxybe acid. m.p. 205®, is siniilarly obtained 
from tt-chloroaceanthronequiuoric (Butescu, Per. 
1013. 40, 213). 

4 - Chloroanthraquinone - carboxylic acid. 

4-Chloro-l-methylanthraquinone is fixuiiscd by 
means of nitric acid at The substance 

crystallise# in yellow needles from ethyl acetate 
and melts at 228® -220° (Heller and Schulke, Per. 
11M)8, 41, 3l»3(i). Alternatively (D. R. i\ 2503li5) 
chlorine is introduced into a solution of 4-chloro- 
l-methyl-anthraquinonoin rntrobcuzciie at l(iu°- 
170°. 

5 : S-DichloroaiUhragvhiom ] -larboxyhc acid. 
This acid is obtained when anthraqiunone-l- 
carboxylic acid dissolved in fuming sulphuric 
acid is chlotinated at 125° in presence of iodine. 
It crystallises from acetic acid in needles, 
melting at 241° (1). R. P. 256121). 

4: S’T)ickloroanihraqu%nonC‘l-c<irhoxyUx acid 
is the oxidation product obtained from 1 : 6. 
dichloroacoanthrenequinone (Butescu, l.c.); m.p. 
260°. Similarly the 4 : O-dichloroanthraguinone- 
\-carboxylic acid is obtained from 1: 8-dichloro- 
acoanthrenequinonc. It crystallises yqllow 
needles and melts at 240°. 

2 - BromoaTithraqninone -1 - carhoyxlic acid. 
The application of the Sandmeyer reaction to 


2 - bromo -1 • aminoanthraquinoDe gives good 
results (Ullmann and Schalk, l.c,). The acid 
' obtained by hydrolysis of the corresponding 
] nitrile crystallises from acetic acid in yellow 
: octahedra, which melt at 292°. 

H-Nilroanthraquinonc-l-carboxylic acid. An- 
. thraquinone-1-carboxylic acid (10 grama) is 
heated on the steam bath with cone, sulphuric 
acid (100 c.c.) and nitric acid (6 c.c. Ds*l'4) 

. during two houi's. The derivative crystallises 
' from acetic acid in yellow lamelles which 
decompose above 330“ (Ullmann and ?5chalk, 
l.c.). An isomer of this substance has been 
described by Fischer and Ziegler (l.c.), who 
’ <*xidisc the mtration product of a*methylanthra- 
quinonc. 'J’hcre is little doubt that these 
i substances belong to the 1: 4-8eric8. The nitro- 
I acid is sparingly soluble m sulphuric acid and 
decomposes at 270°. 

i ^ • Amtruxiiilhraquinojie-1-carboxylic acid. 
1 : 4-T)iaminoanthraquinonc is semi-diazotised 
I and cnnveited into the amino-cyanide by treat¬ 
ment with cuprous cyanide at 30°. • Hydrolysis 
<»f the product is eHectod by moan.s of 10 p.e. 

I soda at I50“. The substance crystalbsos in long 
i dark brown needles. dccom])osmg at 24l)°-248° 

' ((rattermanii, .\niialcn, 1012, 303, 176). 

] 5-/1 minoanthraqninovc-\ -carhoxyllc acid is 

: prc])arcd by the reduction of the corresponding 
! udt’o-acnl (vide supra) with sodium sulphide, 
it f<*rms daik red leaflets and dccom]) 06 es at 
I 277 Wliat should be the same substance W’as 
: jiicparcrl by Uattennami (f.c.)fn>m I : 5-diamino- 
aiithraqumone liy seini-diazolisation treatment 
. with (.■u[)rous cyanide and hydrolysis. Pre- 
'T>aicd in tins way, however, the substance is 
: stated to cryslallisi' in red prisms, melting at 
205°. 

; ^-Mit/iylanihra<iunioni-]-c(ithoTyiic acid has 
; i»ocn obtained by Butescu {l.c.) by oxidation of 
; ;8-mcthylaceanthrcn(5qiunone with chromic acid, 
j The bright yellow’ needles melt at 205°. 

S-Mcihylandiraqninone-l-carboxyhc and is 
jiroduced from 1 : H-dimethylanthraquinone 
1 oxidation with chlorine (1). R!p. 239365). It melts 
I at 246‘ -147°. 

Anthraquinone aldehydes. 

‘iti'hloroanthraquinonc-l-aldcJiydc is obtained 
l>y the oxidation of 4-chloro-l-methylttnthra- 
quinonc by moans of manganese dioxide in 
I .sulphuric acid soldtion (D. II. P. 267081). It 
; melts at 210°. 

I Anihraqui7imic-2-aldc]iydc is the product of 
: {-he hydrolysis of cu-dichloro-2-methylanthra- 
I quinonc with .sulphuric acid (60° Be.) during five 
i to six hours at 130° (D. R. P. 174984). It is 
; also jircparcd by the oxidation of 2-methyl- 
antliraqumonc by means of manganese dioxide 
, and sulphuric acid (I>. R. P. 207081) and by 
ring closing jof w-dibromo-2-p.toliioylbenzoic 
! acid (i). R. V. 293981). 

Anthracene-2-carboxyl!c acid. 


I 


■'\/\/\ 


UOOH 


\/\/\/ 

The nitrile of this acid is obtained (together with 
a small quantity of the nitrile of the 1-acid) by 
distilling sodium anthracene sulphonate (from 
the acid obtained by the reduction of anthra- 
quinone sulphonic acid) with potassium ferro* 
cyanide (liebermann and Bisebuff, Ber. 13, 47). 
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The nitrilefl are decftmposed by boiling wxtb 
KOH. and the acids separated by means of their 
barium salts; that of the l-ooid being readily 
soluble in water, whereas barium anthracene 
2-carboxylate is very sparingly soluble. 

The same acid is produced by the reduction 

of anthraquinone-2-carboxylic acifl 


! Prepararibn.—Metbylanthraquinono (1 part) 

i is dissolved in concentrated sulphuric acid ((> 

I parts), mixed then with water (1 part), and 
I k (2i parts) slowly added. The mass is 

: wartn’od to 'll0"-120^ for a short time, filtered, 
; Uie precipitivto washed with watci ;>nd boiled 
i out with dilute ammonia. 'I'he excess of um- 
! mouia is evaiiorated oil. the solution liitered, 
and pn'ci]iitutt‘d wiili H(’l (BdriiKti'in, Ber. 1(5, 
' 2(501); V. ai8<> Lu'bermaiui and Gloek, ibid. 17, 


with zinc-dust and ammonia (Bdrnstein, Ber. i(5, 
2610 ). 

Anthracene-2-carboxylic acid crystallises 
from alcohol m small yellow plates, which melt 
at about 280", and sublime at a higher tempera¬ 
ture in plates. It is sparingly soluble in CHCli, 
almost insoluble in (\S. and benzene, less soluble 
in alcohol and glacial acetic acid than the jS-acid. 
The alcoholic solution possesses an intense blue 
fluorescence. Reduction with sodium amalgam 
or hydriodic acid converts thi.s a<*id into three 
acids, C.gHi.O,, and 

(Idorino led into the solution in CHCl, ]uouuccs 
first y-chloranthracene carboxylic acid and tlicn 
dichloranthracenc (m.]). 200^'}. Jb'ominc be¬ 
haves similarly. 

The Sodium is diflicultly sohible in cohl 
water, and eryatalhses in gliilcnng flaki's. Thi“ 
sidiitioiis lluorescc blue. 

The Barium mil >s almost insohiblo in cold j 
water, and only very spaiingly soluble in hoi. ■ 
The Mcihiji eMcr (Behla, Bcr. 20. 70il) ; 

I 

crystallises in yellow prisms ; in.p. 111". j 

The Ethyl edvr (Lichermann. Bischoff, Ber. ; 
13, 40) melts at 134", and is readily i 

soluble in alcohol. Both these salts distil without i 
decomposition. 

TheCAIoriiie (Bdrnstein,Z.c.)Ci5H,OClcrystal- i 
liscs from benzene in yellow warts; m.p. not 
given. Koadily soluble in alcohol, ether, 0H(3j 
and OS^. Decomposed only by boihng water. 

The Amide (JjgH^UNHo crystallises from 
glacial acetic acid in plates; m.p. 293°~2y.'5". 
Insoluble in water, SCb, C'HC^, or benzene. 
Diflicultly soluble in alcoliol. Tlie solutions | 
fluoresce blue. • | 

y-ChloroaidhraccM carboxylic acid (Bella, /.c.) ! 
(y. tmpra) crystallises from benzene in needles; i 
m.p. 268"-269°, being at th(? same time dccom- | 
posed into chloranthracene and CO.,. i 

y-Bronioanlhraccnc carboxifhc acid (Behla, 
l.c.) crystallises from alcohol in long, greenish- I 
yellow needles ; melts at 2(56", being converted 
into CQc and bromoanthraocne. 
AnthraqulQone-2-carboxyUc acid 



is produced by oxidising 2-methylanthraceno or 
the corresponding quinonc or carboxylic acid 
(Liebermann, Rath, Ber. 8, 248). It may also 
be obtained by the oxidation of anthranol 
)3-carboxylic acid with potassium permanganate 
m alkaline solution (Limpricht, Annalcn, 309, 
122 ). 

According to the Hoohster Farbwerke 
(D. R. P. 80407), it is conveniently prepared by 
heating bcnzophenone-2; 4'-dicarboxyJic acid 
with sulphuric acid. 

VoL. IV.—T. 


888 ). 

Anthraquinone-2-carboxylic acid crystallises 
from alcohol in yellow prisms, which melt at 
290"-292". and sublime undecomposed when 
carefully lieated. It is almost insoluble in ether, 
benzene, cliloroform, and excess of caustic soda, 
difficultly soluble in glacial awdic acid and abso¬ 
lute nh’ohol, readily soluble in acetone. Gives 
with zme-dust and KOH aiilhiaquinone re¬ 
action ; rodu('i.ion with zme-dust and ammonia 
converts it into <inthra<x‘ne-2-earboxylic acid. 
Distillation over red-hot asbestos decomposes it 
into ('(>2 and anthraquinone. It dissolves in 
sodium acetate and ammonium oxalate, and is 
not rejirecjpitated on the addition of acetic acid. 
Fusion with soda converts it into oxyanlhra- 
qumone carboxylic acid ^’tsHjiOj. 

The (Julciuiu noli and the 

tanum .sa/^ Ba(Ci5U704)2 are sparingly soluble. 

1’ho Ethyl o.der (Lielierniann and Gloek, Ber. 
17, 890) t'i6H704’(\H. iH formed by the action 
of alcohol on the chloride. It ciystalliscs in 
needles, melts at 147'’, and is readily soluble in 
alef)hol. 

The CVdon(/(' is produced by treat¬ 

ing the acid with PCl^. It crystallises from 
benzene in needles which melt at 147". 

The Airiide (;j4H,02C0NH2 is obtained by 
passing NII3 into a benzene solution of the 
chloride, it crystallises from a mixture of 
glacial acetic aoid and benzene in needles, which 
melt at 280°, and are diflicultly soluble in alcohol 
and licnzene. 

I'lie A nilide. iTystalliHCS from xylene in needles, 

m.j). 2r>H°-2()0°. 

Nilroaufhraquinonc curboxylic acid 

(;,4U,(N0.)(>/('(K>11 

is prudui ed hy mixing the solution of the acid 
I in concentrated sulphuric acid with nitric acid. 
Oystallises from glacial acetic acid in small 
needles, whieli melt above 300°. Mjrives with 
sulphuric acid a violet colouring matter. 

1 ■Ni(roanlhraquinoiU'-2-carhorylic acid, Ter- 
res (Ber. 1013, 4(5, 1638) jirepared this dcrivu- 
' tive by oxidising l-nitro-2-inethylanthraqujnone 
with chromic acid in concentrated nitne acid 
solution. It crystallises from acetic acid and 
melts at 283°. The corresponding amide occurs 
in nearly colourless prisms, m.p. 299°-301°. 
Further details of the preparation %rc given in 
D. R. V. 229394. 

Dinitroanthraquinone-'Z-carhoxylic acid (Lim¬ 
pricht, Annalen, 309, 122) is obtained by the 
oxidation of the corresponding antbran<»l with 
chromic acid in acetic acid solution. It forms 
yellow needles from alcohol and melta at 316°. 

i.Chloroanthraquinon€-2-c-arbozyl%c acid. This 
acif] is an important intermediate in the manu¬ 
facture of certain valuable vat-dyestuffs, esjwci- 
ally Indanthrene Red BN. It may be prepared 
by oxidation of l-chloro-2-methylanthraquinone 

z 



m 
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hy means of sodium dicUroinate in 90 p.c. acetic 
acid (Ullmann and Bineer. Bcr. J910, 49, 732) 
or alternatively^ by oxidation of the same 
substance with nitrous fumes in trichlurobenzene 
solution at 100“ (O. R. P. 2.50742). It is also 
said to b(? obtained by tli(5 action of chlorine 
on a hot nitrobenzene solution of l-nitro-2- 
mothylanthraijuinone. The acid crystallises j 
111 jiale yellow neiulles, moltiuji at 272", and its I 
methyl ester occurH as ])!ile yellow leanct.-^, 
melting at 1(11 ’5 . 'I’he benzyl ester is prepared 
by the action of benzyl chlondo and jiyridiae 
at 100“ on the and. I'liiH derivative erystallisi's 
from m vellou needle.s, melting at , 

135-IIO) ’. 

'.\-('hl<nu/iuihKiqtiiuo)ii -2 fnjho.r}/li< acuJ (Id!- ; 
mann and Dnsgiijita, Her. 1914, 47, 5(>l) is 
obtained by tlie oxidation of tlie corresponding 
aldehyde, itHcll piorluced by tbe liydt'oly.sis of 
3-eliIoro-co-dibi omo-2-inetliylant In’aqujnoiie. The 
aidd iiieltH at 27()'-27H'', and its etlivl ester at 
iri 0 “- 15 r\ 

Ti: S-DiLhloroant/iiaqainoni -2<arh().ii/hc acid 
IS produced in good yi<4d by the eblonnation of 
‘ Hilv<‘r Halt' (liss(j]\(al in eoncnitrated sul- 
piiune aei<l at 120’' and in ptesnue t)f iodine. 
4’ho substance is obtamcti in liiigld. yedlow 
crystals and melts above 3(H)" (1). R. 1*. 255121). 
The constitution assigned to tins snlistaiiee is 
rendere.d probable by tlu* pn jtavatiou of deriva¬ 
tives, which show that the clduime atoms are 
in the p-position to each other, and by the 
preparation of the isomenc i : i-duhloroaiilhra- 
<luinonc-2-c<uhiKC}/(ic ai id by oxidation of 1 :4- 
diehU)ro-2-inethylant hra(]iMnoue. 'I’lii.s isoiiienc 
diebloro-acid melts at 2I)»' 21S' (I) R. W 
259742). 

l-Aininni(iithrif>iH<noiie-2 ciirho.ii/Uc m id. 'J'his 
substance separates from nitrobenzene in 
brownish-r(“d glistening iieedU-s, melting at 281)’’, 
and IS prepareil by the reduction of the coirc- ; 
sponding nitro-eompound by means of sodium [ 
sulphide (Terres, Ucr, J913, 49, l(i.37). It is [ 
also the product of the action of ammonia in ; 
jiresence of «-op]ier compounds on J-chloro- 
Hntluaquinone-2-carbo.xylic acid at elevated 
temperatures (D. R. V 247411), and it may bo 
synthesised by the action of 10 pc. oleum on 
o-aminocarboxybenzovlbenzuic acid at 180“ 
(1). R. 1*. 248838) 


I bronze at 1()0“-180° in an autoclave. The 
I substance crystallises from nitrobenzene in 
. browni.sh-yellow needles, melting at 392“-303® 
! (lb. Jh). and forms an acetyl derivative, melting 
I at 248“ {VV., M.). By rejilaeing the ammonia 
, in the above profess by aromatic amines 1)11- 
maiin and Oasgujita ])rcpared N-aryl-deriva* 
tivi's.suidi as3-anilidoanthraquin(>ne-2-oarboxylic 
acid. m.p. 3I9“-317°, and 3-^-naphtbylainmo- 
anliir.iqiunone-2-eaibo\ylie iieid, molting at 
332. 

1 : i- l)itimuioniilhrm/uni'>nc-2-cafho.ri/Uc avid. 
2-Anuuo-5*acetylainino-4-earboxybenzoylbpnzoic 
acid IS he.iled with six tinie.s its weight of 95 p e. 
siilpiinne acid at 199''. I'he aeui scjiarates from 
alcohol in daik blue needles with bronze lustre, 
ami mellH above 3.59'- (1). R P. 291885). 

A Mit/i<)n/niillna<ioi}ione-f^-< uhoxijlii' and is 
the product ol (ho action of ni(44iylalcoholic 
so<liuin hydioNide on nilroanlhraqiimone-2- 
t.irliowlie acid (from the nilr.ition of the acid). 
I(. eiyslallist's m yellow needles, melting at 279“ 
(I'a keit. Alonatsh. 1914, 35. 2S4). 

'A-l’h< m).ri/ani/iraqninonr,‘2~< aihortdu', arid is 
prepaled l»y he.itmg 3-eliloroautliraquinone-2- 
<Mi lioxylic add with plu-nol, ])otassiuiu caibo* 
nale and copjier bronze (rilmaim and'Dasgiqita, 
/ r.). Tbe noarlv eolourless needles melt at 270°. 

Ottiiir.arhir-l^-cinho.n/lir and. jS-Metliyl- 
(|uiuizaiine is oxidised liv gu'ailually lieating to 
159 ' with 90 p e. sninhunc acid, sodium nitrite 
.uid hone acid. 'I'lio aeul erysiallises from nitro¬ 
benzene in yellow-blown need'c^ midting at 
244'-24(i“ (I) It. r 27334!) 

/bo jiinim III ho I i/hc ai id 

Oil 


\ ' . 

on 

'L'hi.s eompouml is pio|iared from alizarine eai- 
boxyhcaeid by oxalation with manganese dioxide 
m suijdiuric acid s«)lutiun (I). R. lb 290795, 
272301). It IS a led powder, but may l»e 
ervstallised from chiorofonii in giistcning led 
! le.atietB melting at 222"-224'b 

Under the heading methylanthraccno, be- 
I sides o- and w-ineMiylantbraeeiie tw’o other Hub- 
i stiinee.s are to be found in chemical hteraturi'. 
i AvoMethylanthrat'ene (Boinstcui, Bor. 15, 


. NH, Nil, 

' 'COOK ''-,COOH Y’OOII 

l-co- ' I ' II 

\/ \'' \/'^CO-'\/ 

The amide melts at 27t)'-28l“,ami m addition, 
N-niethyl, N-phenyl, N-p-chloroplKMiyl and 
N-jS-naphthyl and similar derivatives have been 
described (D. R. P. 247411). Apparently tbe 
aminoanthraqiiinone-)S-carboxylie acid rleacribeil 
by Eckert (Itiouatsh. 1919, 36, 295) is a different 
substance. This melts at 338°, and is obtained 
by the reduction of the nitration product of 
anthraquinone- 2 -cai'boxyhc acid. 

Z-Aminoanlhraqiiituiw-'Z-carhoxylic acid, Will- 
gerodt and Maffezzoli (.1. pn (•hem. 19J0, fii.] 82, 
210 ) obtained this acid by the action of hypo¬ 
chlorites on the half amide of anthraquinone- 
2:3-dioarboxyho acid. Another method' U 
that of Ullmann and Dasgupta (Her. 1914. 47, 
562), who heated 3-chloroanthraquinone-2-car* 
boxylio acid with aqueous ammonia and copper 


1821) obtained by digesting tyoniothylantbra- 
quuione Avith zinc-dust and ammonia, and by 
I disiillmg p-(oiuene jihthaloylic acid (Uresly, 
i Aimaleii, 234, 238). with zme-dust, is evidently 
' identical with /3-metbylanthracene. 
j Methanthrane (’iRlfia (Oudemans, J. pr. 
Chem. [ii.] 9, 419), obtained by distilling podo- 
carpmic acid (' 17 K 22 O 3 with zinc-dust, is 
prob.Lbly not an anthracene derivative at all. 
It melts at 117°, and gives on oxidation with 
CrO, and acetic acid, methanthraquinone 
which crystallises from 70 p.c. alcohol 
' in orange-red needles melting at 187 . 

It therefore possesses more the properties of a 
pheiianthrcne than of an anthracene derivative. 

i Dimethylanthracekes. 

o-Dimethyianthrsoene 
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(Elba, -T. pr. Ohera. 41, 5) is readily pre¬ 
pared by the reduction of the corresponding 
(2, 3) dimethylanthraquinone with zinc-dust and 
ainmoma. 

5 grams of the quinnno, 39 grams zinc-dust, 
and 500 c.c. aqueous ammonia (equal parts of 
concentrated aininonia solution and w'ator). are 
heated to boiling until the red lujuid which is 
produced at first has become colourless. The 
« mass is then filtered, the residue waslied witli hot 
water, dried in a water oven, and repeatedly 
extracted with boiling alcohol. The clear alco¬ 
holic extract deposits on cooling yellowish plates 
of dimethylanthraeoiK'. o-l lirnetbylanthracene 
melts at 240’, an<l sublimes in eolouilesH jdates 
which petssess a bluish-grt'en llm)rcseence. It 
IS readily soluble in benzene and hot alcohol, 
but difbciiltly 8olu))le in cold alcohol. 

The ])icri<; acid conijanind erystalbses in ]<mg j 
gain<‘t-rcd m'eill(3s ; it is teadjiv posed by ' 

aieoliol, I 

O’ or (2, 3) Dimethylanthraqulnone I 


^('0' 



IS obtained syntbetically by benfnig o-xyloyl- 
0 beii/oic aciil with 


I 

HjOOlf 




\Mo 

JMo 


1 part of o-xyloyl-o-benzou: aeid is dissolved ‘ 
in 0 parts of warm eoneentrated IfgSO^, and the ' 
mixture heated at 128' for a quarter to half an : 
liour, the dark-coloured solution ijoiircd into a ; 
dish, and placed next to a dish of water. As the j 
solution becomes dilute tlie qiuiioiie erystaliiscs i 
out. the opc'ration being eom})lcte in 3- 4 days, j 
Tile prciapitalc is collected, m ashed with 1 
w'ater and dilute ammonia, and [ainficd latber ■ 
by subhuiation or rccrystallisation from xylene ; ! 
o-dimetliy!antliraquinone is thus obtained in 
long yellow needles which melt at ls;r. It is 
readily soluble in hot xylene, benzene, and alco¬ 
hol, an<l 's rea<lily redined by zino-dust and 
ammonia to o-dimidbylantliraccne, hence its 
constitution is probably that given above*, and 
not 


<Vi/ 


X‘(). / ' 


(’O- 


'Me 


Me 


{Compare action of zltie-dusl and ammonia on 
dimothylantbraquinones with a Cllj group in 
the 1 or 4 posdion.) 

A dimethyl anthraquinone, which is probably 
identical with this, is obtained by oxidising 
dimethyl anthranol with chromic acid in acetic 
acid solution (Limpricht and JArtens, Annalen, 
312, 103). It forms yellow needles from alcohol 
and melts at 200®. 

AnthraquiDODQ-2:3-dicarboxyUc acid 


C,H 


*\C0--UC00H 


is produced by heating o-dimethylanthraquinone 
(3 grams) with 20-26 c.c. of nitric acid (sp.gr. 
IT) in a sealed tube at 2i0®-220® for five hours. 
It crystallises in vellow needles, melts at 340®, 
and when strongly heated sublimes in yellow 


plates, which melt at 200®, and consist now of 
anthraquinone dicarboxylic anhydride. 


0 H Ti 


^CO 

^CO 


>0 


Ammonium ttuJl. Jted amorpiuais mass, 
ca-sily soluble m w'ater. 

('nlcivm salt. Light red proeijntate, almost 
insoluble in water. 

Lead salt. Light red jirecipitnte, almost in¬ 
soluble in water. 

A^ilvcr sail, liglit red })re<-ijiitate; is decom¬ 
posed on heating into LO^., Ag, and anthra¬ 
quinone. 

Antbracene-2:3-dicarboxylIcaci(i 


1 k:()01l 


is readily jiriqi ii'imI by treating the solution of the 
ammonium salt of anthraquinone dicarboxylio 
acid with zinc-dust and ammonia until the red 
solution beiumies yellowish-green coloured ; and 
then ])roci]utating the clear solution with HOI. 

AnibraiHMie-o-diearboxylK! acid crystallises 
fiom ale,oh<tl in simdl yellowish-green crystals, 
which melt at 34.'>®. It is insoluble m w'ater, 
readily soluble in alcohol. The solution in 
«liliite ammonia Hiinresccs blui^-green, that in 
dilute NaOTl blue. 

The acid, if carefully boated, gives a yel- 
lowish-red sublimate of antlirac<me-o-dicarboxy- 
lic anhydride 


('akimn salt, llrownish -green precipitate, 
almost insoluble in water. 

Lead fialf. Yellowish jirecipitaie, insoluble 
in W'ater. 

Silver soil Yi'llowish.lnown jiieeijiitate. in¬ 
soluble in water; dceomjioscs on distillation 
into (U,)^, Ag, and anlliraceiK*. 

/a-Dfmethylanthracene 


Me 



(Elba, J. pr. Chein. JKIKf, 41, 13). This hydro- 
carbon cannot be produced by the reduction of 
w-inethylantlirnquirion(3 with zinif-dust and 
ammonia. 

It is obtained by passing mcsityliihcnyl 
methane (Louise, Ann. Chiin. [vi.] 5, 187, 193) 
through a red-hot tube 


Me 


fJIr. 


Mel 


,Me 


Mu 

/\/\ 


Or by distilling w-xyloyl-o-bcnzoio acid 


'•"•<C00H U' 


Mo 


iMo 


with zinc-dust (Gresly, Annalen, 234, 238). 

in-l)imethylanthraoene crystallises from al¬ 
cohol in colourless plates, which melt at 202®- 
203®. Gives with bromine y-brom-m-dimethyl 
anthracene tetrabromide {m.p. 176°-180®). 




m-DImethylantbnuiufnone 

Me 

.CO^/\ 




N^o-'x/ 


is prepared by the action of suljdiuric acid on 
m-xyloyl-o-benzoic acid (Eliw, J. pr. (diciii. 
1890, 41, Iff). 


C.H.< 


,co 


Mo 

„_/\ 


COOH 


jMe 


(Ul. 


340 METHYL-ANTHRACENE 

I This acid is produced quantitatively by the 
i oxidation of M-diniethylanthraquinnno with 
: dilute nitric acid (for details, v. the o-dicarb- 
‘ oxi/lic acid) or by the oxidation of 3-incthyl- 
Mc ■ anthriii|uinone-l-carhoxylio acid by means of 

perman£;anatc (1). K; lb, 25931)5, 1913). _ It 
i ryHtallisc.s m line yellow needles, which sublime 
above 230" without nieltim'- It is almost 
insoluble in water, and ilillicultly soluble in the 
: ordinal y ol'Kanic solvi-nts. 

i Amiii'initini .sail. Reddish warty masses, 
yj(. ' easily soluble in water. 

.. "CO -/ j f'aiassram .odl. Reddish gelatinous mass, 

1 part of the pure acid is dissolved in 7-10 : wlueh beeome.s erystallme on standing, and 
ts of concentrated sulphuric acid, the clear contains then 2 mol. of water of eryslallisatioli. 
solution heated at 110°-125'' for half an hour. ' iWmm will. Reddish erystallme crusts, 
the product ])ourcd in a thin Htrc:un into water. : 
and the proeipitato treaU'd as dc'senbed under 
m-mothylanthniquin(»ne. Yield ^(10-70 ji.e. «>[ 
theory. w-Dimetliylantliraquuuuie erystaliises 
in Hinall needles which melt at 1(12'^. It dis* 
solves with difficulty in alcoliol and benzene. 

Zinc-dust and aimnonfa reduces it to ?«-di- 
methylanthracyleneCjflllia, and ind to dimetliyl* 
anthracene. 

rn-Dimethylanthracylene 

' Cll. 



contains mol, of water ol crystallisation. 

('alntmi. salt. Inj^ht red j owdea-, insoluble 
in water and alcohol. 

Barium sail. Li<rht violet jiowdcr, contains 
1 mol. (*f water of crvstalli.sation. 

head sail. Kcfl jiowdmy jirecipitatc, in- 
.soliible in water and alcohol. 

Copper salt. Dark ^recn crystalline powib-r. 
i eontain.s 1 mol. of water <if (Tystallisalion. in* 

I soluble m water find alcohol. 

I Silver salt. I’inkish preeipitatix almost in- 
j soluble in water and alcoliol. Decomposes on 
j beatmji into COj. Ag. find antbrafjuinoiK'. 

' Anthraqulnone-w-dicarboxyl chloride is ob- 
1 tallied by warming tlio field (5 grams) with 
(iliosphonis pentacldomlc (7‘-5 grams), distilling 
off the ])liospliorus oxyeldorlde at 140'', and 
shaking the residue with walcj and chloroform 
'I'he chloroform solution is dried over Ca(4._, and 
cv.i[niratcd. when the a'id eliloride remains be- 
liind as a reildish muss, vbieh sliowed little 
tendency to crystallise. 

I’ho acid amide preiiaicd by treating the 
chlonilc with ammoniH is also difficult to obtain 
in a crystfilbne condition. 

Anihracene-ni dlcarboxylic acid 
^ (’OOH 


I 


'(^DOH 


Preparation. —ja-Dimethylantlirriquinono (5 j 
grams), linely powdered, is mixed with zinc-dust 
(30 grams) and concentrated aqueous ammonia 
(200 C.O.), and a solution (5 c.c.) of basic copper 
carbonate in ammonia aiiilod. The product is 
well agitated, and gently warmed until it has 
assumed a light green colour, then boiled for six 
hours with the addition from time to time of 
small quantitie.H of cojqior carbonate dissolved 
in ammonia. The mass is tiltered, the precipi¬ 
tate washed with water, dried at the ordinaiy 

tom))erature, and extracted with boding alcohol. \ "^ \ / - 

The alcoholic solution on cooling deposits a j I ^ 

small quantity of crystals, widcli arc filtered off. 1 x /v / ^ 

The mother liquor is partially evaporated, again j - ^ i 

allowed to stand, filtered from the crystals 1 is ])reparcd by reducing authraquinonc-w-mcarb- 

which form, and this operation repeated until' oxylif’ acid with ziiic-du.st and ammonia (for 
oily drops appear. The remainder of tlic liydro- ilctails, r. the o-dieai boxy lie acid). Crystallises 
carbon present in the mother liquor is purified in browmish-yellow masses, which do not melt 
by conversion into the picric acid comjiound at 330°. It is almost insoluble in water, diffi- 
and decomposing this with ammonia or sodium ! lyiltly solublo in most other solvents, 
hydroxide solution (Elbs,kr.). i .4m,novinin. sail, Greyish-green erystallme 

m-Dimeihylanthrncylene crystallises from I powder, readily soluble in W'ater, difficultly 
alcohol ill groups of colourless jilates whicli ■ soluble in dilute alcohol. 

melt at 86°. It is readily .soluble m hot alcohol I Coppei salt. Dirty-green precipitate, almost 
and glacial acetic acid, difficultly soluble m cold | insoluble in water and alcohol. Dissolves in am* 
alcohol. ' monia, producing a yellow’ solution with a strong 

With picric acid it forms a deep garnet-red : blue tluoresconcc (characteristic), 
compound C,«H, 3 .C«H.,(N 02 ) 30 H, which is not | fldver salt. Light brown powder. Dissolves 
decomposed V a'lcohol. M.p. 135°. | in ammonia, producing a yellow solution with a 

Treated with bromine in CS 2 solution (4 at. ; blue fluorescence. 

Br. to 1 mol. C„H,j) an unstable dibromo com- ^ The chloride of the acid has the same proper- 
pound C.gHiaBr. is produced, which crystallises ; tics and is produced in the same manner as the 
from CS* in sulphur-yellow prisms, which melt | chloride of anthraquinone-wi-dicarboxylic acid 


at 176° with decomposition. 

Anthrsqulnone-mHlioarboxyUc acid 
COOH 

-CO-.,, 

jCOOH 


i 


P-Dimethylanthraquinone 

Me 

Me 


! 



METHYL. ANTHRACENE. 


’J4l 


is produced by the action of H2SO4 on p-xyloyl- 
o-bonzoic acid, at a temperature of 125® (EIds, 
d. pr. Chem. 1890, 41, 27; (rresly, Annalcn, 
234, 240). 

Me Me 

C.h/ I I C.H./ I , 

^COOH \/ 

Me Me 

The details of the preparation and puritica 
tion are the same as thr)se of the ortho deriva¬ 
tive. Yield 5()-h5 p c. of the theoretical 
7>-l>irncthyIantliraquinoiK“ erystalhsea from xy 
lene m yellow needles, vlnch melt at 118°-J lli' 
It 18 readily soluble in benzene and xylene 
spariiif^ly .soluble ni alcohol. 

P-Dimethylanthracylene 

uif. 


I i I I (?) 

\/\■'/ 

is produced when p-dimcthylanthraquinone is 
reduced uith zme-du.st and ammonia (e. w-di- 
inothylanthracylene). 

It crystallises from alcohol in plates which 
melt at 03°. 

The pierale crystal¬ 

lises from alcoliol m daik re<hieedies, whieli melt 
at 129°. 

Antbraquinone p-dicarboxylic acid 

('0011 

.(JO.^/\ 

i I 
coou 

i.s prejiari'd by oxifhsjng p-dirnetliylantliraquj- 
none with ddute mine acid (for details, v. tlie 
^ O’ and m- deiivatives). Yield nearly quantita¬ 
tive. It crystallisi's in .small yellow erystal.s, 
which arc dirticnltly soluble in water, but readily 
soluble in aleobol. 1’he melting-point lies above 
300°. The. salts are .similai' to tho.se of th(‘ n* 
and m- derivatives. ^ 

Anthracene-p dlcarboxylic acid 

(9)0 II 


I 


chloride, or on toluene and acetylene tetra* 
bromide. 

Lavaux {Corapt. i*ond. 139, 976) isolated 
from this product, lionzonc, xylene, dimota- 
tolylmethaiie, diparatolylmothane, )3*mothyl- 
authraeene, and three isomeric dimethylanthra* 
cones, having m.ps. 240°, 244*6°, and 80° 
respectively. The substance of m.p. 244*6° is 
2 : 6-dimethylanthraccne and the constitution is 
proved hy the following synthesis taken in con* 
junetiim with the other evidence: 

o/-Tolyl /«-4 xylylketone ((Seer, Monatsh. 32, 
143) from yy/-t<»luoyl chloride and w-xylenc, 
when boiled for live days is changed to 2:6- 
djm<‘tliyl.tn(hra<*ctie of m.j). 243°. 

The hydrocarbon can also be prepared 
(An.sehiit/, Annah'ii, 235, 319) by disUlliiig the 
tetrahydnde of the letnvmetliyianthraconc of 
Anschulz with zine-dust. Tins preparation 
harmonises barter with theeonstitution 2 :4: 0:8 
for the lat ter hyilroearbon timn for the 1 : 3 : 6 : 8 
structure assigned liy Dewar and Jones {v. 
infra). 

3’ho substanee crystallises from benzene in 
git'enish-yellow plates and is readily soluble in 
lienziiue, ililhciillly so in alcohol. 

2: 9-Dimethlyanthraquinone is produced by 
i the oxidation of the anthracene derivative by 
! chromic aeid in acetic acid solution. It is also 
obtained in 19 p.e. yield by heating rn-toluoyl 
chloride and aluminium chloride at 130° for 
two hours and tlien at J30'’-140° for 16 hours. 
It is very sparingly soluble and crystallises from 
acetic acid, nitrobenzene, or in the form of long 
silky needles from alcohol. It melts at 236°. 

Anthraquinone.2: (>-dicarboxyIic acid is ob* 
iained when the above quinono is boiled with 
chromic acid and ai'otic acid for 60 hours. It 
forms a cliloride w'hioh has m.p. 197°-198°, and 
this with ahHihulic ammonia yields an amide 
(Jj4lIio(-)4N.^, infusible at 370°. 

2:6 Di-a-naphtboylanthraquinone Cg.H^oOi, 
ill]). J83°-186'’, 18 obtained from the chloride, 
najihthalene, and aluminium chloride in nitro¬ 
benzene at 75°-80° after 20 hours. 

2 :7-Dimethylanthracene (a and y-dimethyl* 
anthracenes) 


coon 

is obtained in the same way as its isomerides, by 
reducing antliraquinonc ^i-diearboxyUc acid with 
zinc-dust and ammonia. 

It crystallises from alcohol in tlie form of a 
light brown crystalline powder which melts at 
about 320°. It is readily soluSle in alcohol, but 
almost insoluble in water. 

The salts are similar to those of the o-acid. 

2:0-Dimethylanthracene 


Friedel and Crafts (Ann. Chim. [vi.] 11, 
266) obtained an unseparated mixture of di- 
methylanthracencs and other substances by each 
of two reactions, namely by the action of alu¬ 
minium chloride on toluene and methylene 


Mt| j I |Me 

^'-./\/\/ 

'riiis hydrocarbon is produoe<> (Elbs and 
Wittich, Bcr. 18,348) when a mixture of 3 parts 
toluene, 3 parts carbon disulphide, and 1 part 
uhlor'iform is treated with 2 parts of aluminium 
chloride. It is formed further (1) together with 
ditolylmethano Cj,H,8 and m- andp-xyleno, by 
treating a mixture of toluene and methylene 
(ihlorido with aluminium chloride (Fnedef and 
Crafts, Bull. ISoc. clnm. [li.] 41, 323); (2) bv 
treating xylyl chloride CHj'CiH^'CHjCl with 
aluminium chloride (Friedol and Crafts, ibid, [ii.] 
41, 326); (3) by treating toluene and acetylene 
tetrabrnmide with aluminium chloride (Anschutz 
and Immendorlf, Ber. 17. 2816; Annalen, 236, 
172); (4) by treating toluene with nickel car¬ 
bonyl and aluminium chloride. In this reaction, 
p.tolualdehy do is a by-product (Dewar and Jones, 
CHeni. Soc.’lTans. 85, 212). 

It is identical with the hydrocarbon isolated 
by Zincke and Wackondorff (Bcr. 10, 1481) 
from the higher boiling fractious of coal tar. It 
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crystallises from alcohol in glittering yellowish 
plates which melt at 215° {Ellm, l.c .; Dewai and 
dones, l.c .); 224°-225° (Fiiedol and Crafts, U.). \ 
It sublimes readily, is moderately soluble, and i 
yields the following oxidation products. ! 

y-Dlm^thylanthraqulnone (Zinck(' and Wack-1 

endorff,/.f.). i 

is jiroduced by the oxidation of the above hydro- ; 
carbon with CrO^ and acetic acid ; it crystalliflcs ' 
from dilute alcohol in small straw-yellow needles, 
which molt at J 55°. 

It sublimes in almost colourless flat needles, 
is moderately soluble in alcohol, ether, benzene, 
glacial acetic acid, and hot liglit petroleum. 

Methylanthraqulnone carboxylic acid 

is produced by the(*xidation of y-dimclhylanthra- 
cene (m.p. 224 -226") with ('rO^ and acetic acid. 
It crystallises 111 Hocks, w hich melt at 244"-24l>‘ , 
and sublime, when strongly heated, in small 
needles. 

Anthraquinone dicarboxylic acid 

(oon 


2-m-xyloylbeiwoic acid w’llh OO p.o. sulphuric 
acid (J). R. \\ 23^17). 

ChloroHierivatives (Uarrop, Norris and 
Woizmann, Ohem. Soc. 'J'nins. 96, 1312). 

3 : 6-l)ichlorophthalic anhydride was con¬ 
densed with tlie three xylenes by means of 
aluminium chloride in carbon disulphide solu¬ 
tion. 

The benzoyJbcnzoic acids w'cre converted 
to the corresponding quinones by heating with 
sulphuric acid containing boric acid and 10 p.c. 
of sulphur tnoxidc for 10 minutes at 120°. 

5:8- Dichloro -1:2- dnn> Ihylanthraqm'iionc 
fiom o-xylene crystallises from acetic acid in 
greenish-yi'IIow needles and miilts at 2()9°-270°. 
Its colour in Hul])}iuric acid is orange-red. 

5:8- l>n hloro •1:3- fitnulhylanthraqinhone 
IS produced in poor yield, it crystalliHoa from 
xylene la light yellow needles and melts at 
208°. 

5:8- DiOtlow -1:4- dnn(thi/Unilhui<jU'inu7ic 
melts at 244°. When these chloro compimnds 
an* heated with aniline, sodium jihenoxide, or 
phenyl mercaptan and caustic soda, the chlorine 
atoms are repiaccct by the groups - NHPh, 
—Ol’h, and — SPli respectively. 

Hydroxy derivatives. 

4 Hydroxy -1:3- dimelhylanthraquinone 

(Bentley, (Gardner and Wfizmann, I c.) 


IH formed, tog(*ther with dimethylanthiaquinonc 
and methylanthraijiiinone carboxylic acid, by I 
oxidising y-dimethylaiithraccne with CrOj. It j 
crystallises lu small warty masses (m.ji. not I 
given). Jt is readily sc])arated Irom methyl- I 
anthraquinone carboxylic acid l»y treat m(*nt with I 
concentrated NaOH, m whieh the sodium salt ot 
the dicarboxylic acid is readily soluble, but that 
of the monocarboxylie acid sparingly soluble. 
The solution of the acid in KOH becomes violet 
on exposure to the aiv. 'J’hc Ba and Ca salts are 
gelatinous and iiiHoIuble. 


Dimethyl Antiihaoilme Derivatives. 

Nitro ■ compounds. 4-iVi/io-i r.i-duhcihyl- 
anthmquxnvvc of m.j). 234° is obtamed by 
boiling I : 3-dimothylaiithraquinon<‘ with nitiic 
acid (sp.gr. 1*37) for 10 hours. It is reduced by 
alkaline hyposulphite to the mnmo compound 
which bos ifi’actically the same m.p. 4-/odo-l: 

Z‘dimeihylanihraqiix'none, m.p. 118°, is pro¬ 
duced when the diazotised amine is treated with 
potassium iodide (Scholl and Potschiw'auscheg, 
Ber. 43, 346), 'l:4-lhnitro‘\:Z-dimHkyl- 
anthraquinow melts at 283"-2S5°, and is jiro- 
duoed by agitating the quinoni* for many hours 
with fuming nitric acid (sp.gi. 1*52). 

1 : G)’])in^trO’2 : •dnnctfiylfinihKiqmtMue (?) 
(Seer, l.c.) is obtained by the nitration of 
2:0- dimethylanthraquinone with sulphuric 
acid and potassium nitrate. Jt forms colourless 
needles and on reduction with alkaline hjqio- 
sulphite'vields the corresponding diamiiic, dark 
red needles, melting at 265°-26<)°. The corre¬ 
sponding diiodo compound, obtained in the 
usual way, forms orange-yellow needles, m.p. 
273°. ) 

DriniiTto.2:4-di»ne//iyI««fArn9Wtnowe8eparates 
from benzene m dark red crystals melting at 
293®. It is prepared by ring closure of 5^-amino-! 



Bhthalic anhydride and m-4-xyUnoi, when 
fused logethei with lioric acid, yield a benzoyl 
benzoic acid which, on further treatment with 
sulphuric acid, changes to this qumone. It 
crystallises in needles from acetic acid and melts 
at 173'‘-175". 

Methyl elhtr. Phtliahc anhydride and »«.- 
4 : xylyl methyl ether in presence of aluminium 
chloride yield 2'-mothoxy -3': S'-dimethyl - 2 ■ 
benzoyl benzoic acid. 'I’lie latter, on treatment 
with sulphuric acid, yields 4 : methoxy : 1 : 3 : 
dinietliylantbraqumone, yellow needles from 
acetie'acid, m.p. 17(»'’-177°. 

4i(i (or 7) Dihj'droxy-J : 3-dimethylanthra- 
quinone. 


H0{ 




€H. 

'A 


CO 


/CH, 

•H 


This quinonc is obtained direct by the con¬ 
densation ot 4-hydroxyphthalic anhydride with 
>n - 4 - xylcnol by means of boric acid. It 
crystallises m yellow needles from acetic acid 
and molts at 270°. Its solution in sulphuric 
acid 18 interiHely bluish-red (Bentley, Gardner 
and Weizmanii, l.c .). 

Dimethylanthrarufln (Kostanecki and Nie- 
mentow’ski. Ber. 18, 250) 


OH 






;Me 


OH 



METHyL-ANTHBAOENE. 


S43 


is obtained, together with small quantities of two 
other isomers, by heating symmetrical m- 
hydroxytoluic acid with sulphuric acid, 

OH 


HOOO, >16 


Me' jt.'OOH 


OH 


OH 




Oll 


'I’tie uniclo }»roduot is |)ourt‘d into waliT, llio 
precipitate colli'cted, washed Auth water, mid 
ireatcd with liaryta Muter, which leaves llie 
flimethylanthraniiin undissolved. Tin' hai}la 
extract is precijiitaled with H('l. the ])iceipi(ale 
extracted witli alcohol. l)imethyibonzdili><()nxy. 
aiithraqvnnono dissolves, wheieas djjiirl hy[* 
iinthrallavie aeid is ina<iliihle mjiu). 

Dimcthylanthnu'iifin ciysiallisos fioiii ben¬ 
zene 111 yellow silky needles, which melt at 300' 
and suhiinie in or.in(!:('-red needh's It does imt 
(lye mordanted elotli. Tln‘ solution m siilphiirie 
aeid IS cherry-red coloured, and similar to that 
of anthrarutin in ll^SO^. The dmainlc 

(:„h..<),(0,H3O,), 

erystallLses m yellow j»laU‘s, imp. - 237'. 

Dimethylanthraflavic acid (tor piepmation, 
V. Ihmclhylanthmrtijin). Jt sublimes in yellow 
needles which do not melt at 300'. H is in¬ 
soluble in benzene, ditlieultly soluble in alcohol 
and glacial acetic acid ; it dissolves in ulUalis 
and sulphuric aeid with a yc'Ilow eolour like 
unthrallavjc aeid. It does not dye mordanted 
cloth, 'riio (hacctatc cry.slalli.ses in needles 
which melt at 223“. 

Dimethylbenzdihydroxyanthraquinone (loi 
preparation, V. Jhmethj/t<ivlhroriiJi/t). It orystul- 
Iises from alcohol m yellow needles which melt 
at 213“. It ilissolves in glacial acetic acid, but 
18 sparingly soluble in alcohol and benzene, it 
does not dye mordanted cloth. 'I’ho dincclate 
melts at 1HS“. 

1:5- Dihydroxy-2:0 - dimethylanthracfuinone 
and 3:7 -dihydroxy-2 : C-dimethylanthraquinone 

are together obtained by the action of conecn- 
tiated sulphuric aeid on 2 hydioxy-71-tohiic aeid 
(Me=l5. The former crystallises in scarlet 
crystals from chloroform and petroleum etbei 
and melts at 224°-225“ whilst the latter se])a* 
rates from alcohol in aeieular crystals melting 
at 232'^. 

3; 5Dihydroxy-2: o*dimeihyIanthraquinone is 

similarly obtained from H-hydroxy-p-t^iluic acid. 
It occurs in bright golden-yellow lealletB melting 
at over 300“ and yields an* acc/yTilorivativi' 
melting at 215“, a dtacc^yf-derivativo melting at 
100“ and a monomeihyl ether melting at 214“- 
215“ (Jowett and Potter, T., 1903, H3, 1331). 

Dimetbylaothrachrysone (Cabn, Annalen, 240, 
280) 

Me OH 


HO: 


OH Mo 


OH 


with concentrated sulphuric acid (10 parts) to 
100 “. 


OH 


Me 

OH 

IK)/VOOH 

/-X 

1 1 

1 ; 

\/ 

coon—X 

HO 

M.I 

Me 

OH 


ho; 


,1 


OH Me 


‘Oil 


It crystallises from alcohol in bronze-coloured 
needh's wdiieh do not melt when heated to 300“. 
Jt sublimes with dilbeiiltv, and then with eonsi- 
dor.'iTle dceompositum. Jl i.s iiisolublo m watei’, 
lionzene, and Imlit pelroh'um. sparingly soluble 
in alcohol ami t'S^, jcadily soluble in 0H(3.„ 
iieetone, and glacial acetic acid. Jt is soluble 
in solutions of the alkalis and alkalino eartlis, 
with a yollow'ish-r«'d colour. The solution in 
aulphiiiie aeid is miigenta-eoloiired, and show's 
two al)«or]>tion hands jn tlic* green. It does not 
(lye mordanted cloth. 

The l(li-ftarili/l di nvative <'i«H8tl2(t;H3()2)4 
('.rystalhses in ycllowisli needles which melt at 
231" and are roaddy soluble in hot alcohol, 
glacial acetic acid, and bcu'/.<'n<‘. 

Dimethylanthragallol (IbrukolU Amialcn, 240. 
2H7). 

OH Me 

HO' ' ''' , 

! I 1 W 

IS ohiamed hy lieating a mixture ol fi parts 
xylylic aeid 

Osn3{(:OOn)«'.H3)((;H3),(('OOH; CHgiCHa^ l, 2, 4 ) 
with 3 ]iarts of gallic aeid and 40 jiarts HjSO,,. 

OH Me 


COOK, 


/■s 


is prepared by heating cresorsellnuc acid (I part) 


IKK \ 

HOl yOOOil 

OH Me 

HCi/ 


The jirndiict is mixed with water, the precipitate 
collected, waslied with water, dissolved in abso¬ 
lute alcohol {in which small quantities of accom¬ 
panying rufigallic acid are insoluble); evaporated 
and the residue extracted with benzene ; again 
evaporated, and the jiroduet rccrystalhsed from 
acetone. Glittering reddish-yclloW' needles (no 
m.p. given). Distilled with zinc-dust, dimethyl- 
anthraceiU5 (m.p. 224") results. 'I’he absorp¬ 
tion speciruiii of a solution of dimethylanthra- 
gallol in eoncontrated sulphuric <#cid is almost 
identical with that of anthragallol itself. 

This substance should, from its method of 
preparation, he a derivative of w-dimethyl- 
anthraeene, which, how’ever, melts at 202“-203®, 
whereas the dimethylanthracene obtained from 
dimetliylanthiugallol melts Jit 224“, and is evi- 
dt'ntly identical with that obtained from coal tar 

Zineke and W ackcndorii. This point requires 
investigation. 

Trtmethylantbracenes (Elba, J. pr. Chem. 

1890. 41, 121). 
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(1, 2 , 4) Trlmethylantbracene 

Mo 



1 whilst the /5-mtro-derivative results from iiitra- 
i tion with concentrated nitric acid at 0® (Elbs, 
I J. pr. Ch., 1800, [ii.] 41, 134). 

^■AminO'i : 2 : 4-trimeihi/lanthra<j[un/oM crys- 
I tallises from dilute alcohol in dark red needles 
i and melts at 154^-166®. 

* 5:0:7- Trihydroxy- 1:2:4- trimathylaUhra- 
is produced by the distillation of pseudocumoyl- ! quiyione has been prepared by Wonde (Annalen, 
o-]^nzoic acid with zinc-dust (Gresly. Annalen, , 1887, 240. 200), by condensing dune acid (from 
234,241). ^ ^-cumidine) with gallic acid. The substance 

crystallises from dilute alcohol in brown needles, 
and melts at 244®. The absorption spectrum 
resembles that of anthragallol. The triacetate 
melts at 174®. 

(1, 2, 4) Trimethylanthracylene 


0 H ' 
X^OOH 


Me 

Me 


Me 

/ 




Me 


/\ 


Me 


PtrpuralKni. —,5 grains of the powdered H(ud 
are inlimatcly mixed with 10 grams of zinc* ! 
dust, and distilled fioin a iet<ii t, the tem]>ciature 
being laised very giiulually. 'J'bc giccnisli- 
coloured oil which lirst passes ovia is sejiaratetl ! 
from the reddisii-coloured oil, which distils Insl i 
and crystallises on cooling ; the latter is dissolved 
in boiling light jietroleum. and the ciysials 
which separate out on cooling iniriticd by ic- 
crystallisatioii. 

Trimethyianihracene crystallises in white 
plates, possessing a blue fluorescence, and which 
melt at 244®. The pieraie crystallises from 
benzene in browmsh-red needles, which melt at 
145° and are decomposed by alcohol. 

(1, 2,4) Trimethylanthraquinone 


CH, 

,/\ 


Me 


CC 




results from the action of ziue-dust and ammonia 
on trimethylanthraquinone (for details, v. di- 
methylanthracylene). ]t crystallises from alco¬ 
hol in colourless plates which melt ut 64® and 
resemble naphthalene in ajipcarancc. The 
picratc Cj,Hj,'Cjll,(N(),)30U melts at 134°, 
and is decomposed by alcoliol. 

Bromine converts the liydroearbon into the 
unstable dibromo-tnnn'lhylanthiaeyleiic. 
Anthraquinone-i: 2:4-Tricarboxylic acid 


Me 


C.Tf 


CO^, 


/ 


^Mii 


Mo 


(JOOH 




St)OH 


is obtained l)y the action of deliydruting agents 
on p.seudocumoyl-o-benzoic acid. 


CJf 


Me 

/CO --,'''^Me 

‘\:ooH 

M(‘ 


CHI 


Me 

Mo 


In (U'der to obtain a good yield ot this siib- 
Btaneo, the following direotions must be earofully 
observed. 

10 grams of [xiwdered ;wcw</ocuim>yl-o-ben- 
zoic acid are dissolved in 100 e.e. ot i^oucentraled 


IS produced by the t»xidation of (1, 2, 4) in- 
tnethylanthraqiimoiie- with dilute nitric acid 
(y. Anihraqmiione dtcarboiyhc and.?). It crys¬ 
tallises from alcohol in yellowish-wh*tc warty 
musses, which do not melt at 320°; It is almost 
insoluble m water. 

The amniomuni salt separates from its 
solution in reddish amorphous crusts, which dis¬ 
solve in water with a deep red colour. 

Tlifcpjiwar?/ sodium s(dt 

<-\>I.'/Q>C,H(OOOH),(OaONtt).2H,0 


sulphuric ac^d, and the product gently warmed. ! 
The solution, which becomes clear and cherry-! 
reddish coloured at 60°. is heated at 115° lor one ! 
hour, allowed to cool to 70°-80°, and then niixi'd j 
with 10 grams of pliosphorus ]>entoxide. the. i 
temperature being allowed to rise gradually to | 
115°-120° during the addition, at which tempera- j 
ture it is kept for further two hours. The wcU- 
cooled product i.s poured in a thin stream into 
w'ator, the ptecipiiato collected, washed with 
water, and then with cold carbonate of soda 
solution ; dried at 100°, and recrystallised from 
a mixture of alcofiol and xylene. Trimethyl- 
anthraquinonc crystallises in long yellow needles 
which sublime readily and melt at 102°'163°. 
It is readily soluble in ether, benzene, and 
xylene; sparingly soluble in alcohol. 

a-Ai^ro-1: 2 : 44rimetkylmUhraqui7ioue, me)t- 
at lQ5°-200°, is the product of nitration of 
trimethylanthraquinone with a limited amount 
of potassium nitrate in sulphurio acid solution, 


crystallises in yellow plates, readily soluble in 
hot, but djflicultly in cold water. 

Secondary sodium salt 

C.H,/°>0,H(COOH)(COONa)„3H,0 

crystallises in yellowish-red plates, more soluble 
in water than the primary salt. 

Tertiary sodium salt is very readily soluble 
in water, and difificult to obtain in a crystalline 
form. 

Neutral calcium salt. Rose-red plates from 
I water. 

Neutral copper salt. Light green precipi- 
j tate. very difficultly soluble in water. 

, Neutral lend salt. Y ellow' powdery precipitate 
insoluble in w^ater. 

, Neutral silver salt. Reddish powdery pre- 
I cipitate which, when heated to a high tempera- 
; ture, decomposes into CO^, Ag, and anthra- 
' quinone. 
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The trielhyl tidcr 


I is difficultly soluble iu cold alcohol, moi'e 
readily soluble in hot alcohol, benzene, and 
ether. 

(1,4, 7) Trimethylanthraquinone 


crystallises from alcohol in glittering white 
plates, which melt at 125®. 

^Vllcn treated with nitiic acid and sulphuric 
acid trimothylanthraquinono yields three nitro- 
derivatives which, on oxidation, yield two mono* 
nitro- and ono dinitro-anthraquinonc tricarb¬ 
oxylic acids. 

I. Mownniro-a'iilhraquinone {{, 2, i)iricar}>‘\ 
oxyhe. acid, C\2l£4(UO)j(COOH);j{NO).j, crystal- 
liaos in small yellow crystals which melt at IlOK”- 
IUO‘'\ It 18 soluble in alcohol, ether, acet(»ne. 
glacial acetic acid, and benzene, insoluble in 
w atiT. 

II. iMononilrount/iraqii inouc tricarboxylic odd \ 

crystallises in sinnlJ eiystals. which melt at | 
H(K) -570'^ with (lecoiiijiositiou, la readily solul>i“ ! 
in alcohol, ctlior. and benzene, iiiHolublc in 
water. 'I'hc copj»ei salts of these two acids 
(lifter very (hstinetly. That of acid 1. crys¬ 
tallises in gre«‘n neiidlcs. whicli dissolve in 
anunonia with a green colour; that of acid Jl. j 
crystallises in red iicc'dlcs mIucIi dissolve ni i 
animuma. forming a red solution. | 

JJimlro anthraquinoKC (1, 2, 4) tricarhorylic I 
'■uid, (-'^ollj(Mt)o)o(CO)2(Ct)(HI)j, melts at 340®- 
3t)0® with decomposition. 

Anthracene !: 2 :4 tricarboxylic acid 

coon i 

''Y '-COOH 

CUOH 

is reaibly obtained by reducing anthraquinone 
(1, 2, 4) tnearboxyhe acid with zinc-dust and 
ammonia (for details, see the corn^sponding 1 
dicarboxyiic acids). It is readily soluble in ! 
benzene and light petroleum, still moie readily i 
in alcohol, with a ytdiowish-grcen colour, in- ] 
soluble ill water. Nosharji m.p. was observed, i 
as the acid sublimed above 2ft0®, being converted 
probably into the anhych'ide. 

Tlio alkali sollt< are v'cry readily soluble in 
water, and do not ciystallise n^adily. * 

The dlocr soli is a ycllowisli-grcen pi-ecipi- 
tale which, on heating, is d*c‘)rn)»osod, yielding 
a Bublimale of anthracene. 

(1,4, 7)Trlmethylanthracene , 


Mo 


Mo 

/\/CO^/\ 

) > ' 

Me 


is obtained by oxidising (1, 4, 7) trimethyU 
anthracene witli the theoretical quantity of 
CrOg in glacial acetic acid solution. The yield 
is almost quantitative. Jt crystallises in yellow 
needles, whicfi melt at 184^ and sublime with 
great readiness. Jt dissolves readily in glacial 
acetic acid, but is only sparingly soluble in 
aleoliol. With zinc-dust and KOII it gives the 
antliraqiiinone reaction. On further oxidation 
this siibstanci^yiclds a niixture ol iiarboxylic 
acids which coiild not Ih‘ satisfactorily sqiarated. 

(1,3, (i) Trimethylanthracene 
Me 





IS synthetically proiiared by the action of heat 
on iii-w-xylylketone (Elbs, l.c. 142). 

Me 

Me ^ ^Me ^Me 

The yield is 20-26 p.c. of the theoretical. It 
crystalh-ses from a mixture of alcohol and 
acetone in plates which melt at 222°, is dif- 
ticultly soluble iii alcohol and light jietroleum, 
more readily in ether and glacial acetic acid, 
very readily in acetone, anil benzene. 
ylhhroino (1, 3, 0) Iruridhylonlhrocnic 

Hr 

l!r 


rediiltw when liiiHfUiylanlliracouc (1 Jliol.) diH- 
solved III (‘8_, iH treated with bromiuc (2 uioh). 
On ovuiioratiuii a hrowiuah-yellow crystalliuo 
masB IB obtained, wliieb crystallises from 
acetone in rosettes of yellow plates which melt 
at 142°. • 

(1, 3,8) Trimethylanthraquinone 


Mc^ 




Mo 


Me 


...OOv. 


Me 


Mel 


I 


/^CO-''\/ 


Me 


■is iirudueed by oxidising (I. 2. fi) trimethyl- 
is readily obtained by boding ^-ji-xylylketono . anthracene with the calculated ^inantity of 
under a reflux apparatus for (i hours (Elbs, l.c. . chromic acid in acetic acid solution. 


140). 

Me 

Ye 


Mer 


X/-'- 


Me 

Y^i 

/\/ 

Mo 


It crystallises in yellow needles which melt 
' at U)0°, arc readily soluble in glacial acetic acid, 

; difficultly soluble in alcohol. It sublimes readily 
' and gives with zinc-dust and potash a deep red 
solution. 

Anthraquinone (1. 3, 0) tricarboxylic acid 


The yield is about 20-25 p.c. of the theoretical. 

It crystallises in thin colourless plates, which I 
fluoresce bluish-green, melt at 227°, and sub-1 
lime with great readiness, even at 100°. It 


COOH 

COUH Y 
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To prepare this sulwlance 0*5 gram (1, 3, 6) 
trimethylantiirucenc is healed with 15 grams 
HNOg (sp.gr. 1*1) in a sealed tube 10 hours to 
180°, then 10 hours to 210°-220“. The tri¬ 
carboxylic acid crystallises out m yellow'^ jilates 
It is seafcely soluble in water, and very dif¬ 
ficultly soluble in other solvents; it does not 
melt when heated to 300°. 

The ammoinum mil is readily soluble in 
water,-and crystallises m llesli-euloiired jd.ites. 

The hiirium mil is a ehiury-red etyslallinc 
precipitate, very sparingly soliibh- in watiT. 

Tetramethylanthracene (Ansclditz, Annalen. 
236, 174} t'j4Hj(('Hj)4 IS fornieil m siiml! 
quantity, together with lolueiu- anrl liiinotliyl- 
lienzene, by the action of alinniiiiun) elihn'ido on 
a mixture of aoetylenetetrabronnde and //>• 
xylene; ni.{). 280'. Jf o-xylene he usi'd in the 
place of w/-xylene in tin' aliove reaction, » U'tra- 
inethylant-hraeeiK*., which inells'above 2HO-’, is 
obtained ; m the case? of p-xyleiie being usiul 
the t-etranielliylanthracene obtanuMl melts at 
about 280°. 

Since tliero are only two isoinenc telia- 
iinithylanthracenes derivable from ///-xylene, 
iiauioly 1 : 3 : (i : 8 and 2 : 4 : 0 : 8. and tlie 
torini^r is chosen for t-lu* quinone desciibed below, 
the hydrocarbon of Ansehiitz is probably 
2:4:0: 8-tetraincthylauthraccne. 

1 : 3 : 0 : 8-Tetramethylanthracene 


Me 


Mo 

, \ 


Me 


I 1 


/Me 


Dewar and Jones (Clhein. 8oc. Trans 15)04, 
85, 212) obtained this liy<b<«'aibon by the 
action of nntkel carbonyl on ///-xylene in ])iesence 
of aluminium chloride. 

Tlie hydrocarbon is puidied by Huecessive 
crystallisation from hot benzene and acetic: ueid. 
Jt forms beautiful iustroiis jilalos, melts jit 280°, 
is very pule yellow, and exhibits grt'cn fiuores- 
ceiice. 

1:3:0: 8-Tetramethylanthraquinone is <d)- 
tamed from the hydrocarbon in the usual 
manner. It crystallises in i/alo yelh/w- jiiisins of 
m.p. 22H‘'-230''. 

2-PhenyIanthraqumone (Scholl and Neovius, 
iler. 44, 1076). 




I’hthahc anhydride eondcn.si.', ,uth dqdienyl 
in presence of aluminium dihnide in carbon 
disulphide solution, and the piodm t is exclu¬ 
sively diphenyl -4- jiiithaloybc acid. When 
heated with zinc chloride at 280°, 2-phenyl- 
anthraquincAic is obtained. I'ho product is 
purified by reduction with alkaline liy^iosulphite. 
filtering the alkulim* solution and oxidising by a 
current of air. The substance erystalhses in 
yellow needles and mells at lOO'-lOl®. The 
quinone may also be obtained by reducing 
diphonyI-4-phthaluyhc uCid to the corre 
aponding diphenyl methane carboxylic acid, and 
this with zinc chloride at 186° is changed to 
2 - phenyl - 0 - anthronc which, on oxidation 
with chromic acid, yielcls 2 • phenylanthra- 
quinoue. 


9:10-Dibenzy!anthraeene (Lippmann and 
Fntseh. Monatsh. 25. 793). 

CHji’h 

I 


a)o 


(!H,Ph 

'J’lits inleiestnig li_>diocarhon is pri'pan-d by 
heating anthracene (100 grams), benzylclilonde 
(14.6 grams), and zinc-dust (10 grams) W'ith 
carbon /lisulphidc (I litre) on the water bath, 
ami with coniiiiiiiil jiassage of carbon (hoxide, 
until the evolution of hydiogeii ehloiKk' ceases. 
'j'h<‘ substance forms blue llnorcseent m'cdlcs, 
crystallises fiom ae»4ic acid and melts at 241°. 
It has a peculiar odour ivsembhng eaibyl- 
aniiiie. 

MoiKihioniodilH ii:.>flnhl/i/(i( t tn 

tlllhPli 


rjl., 


('ll ,ph 


Tills clenvalive is old.lined liy I be action ot 
luotnine on dibenzylantliracene in cuibon di¬ 
sulphide solution. Tlie bromine is earned into 
the li/juid inixecl with (avrbon dioxide. The 
l/roduct eryslallises from cai'boii disulphide oi 
ben/t'iH' in yellow piisnis, im lling. w hen quickly 
IumIimI. at *187*''. 

Dm- and bi-molecular dibenzylidenedl- 
hydroanfhracene 

CJI -J*h 






'('.ii. 


ClI- I'll 

I'liCll-CJI^ l>h 


'■ / 

I 

riicii- 


-t'Jl—J’h 


U|limoIecular. Monebromodibenzylanthiu- 
ceiie 18 boiled in benzene solution with aqueous 
potassium acetate,* or the bromide is heated 
with R small excess of acetic anhydride. The 
substance melts at 234°-23()“, and is soluble in 
cililorofoim with blue fluore.secnce. 

Bimolecular Monobromodibcnzyl- 

anthracene is boiled with quinoline in benzene 
solution for 20 hours. It forms yellow crystals 
of m.ii. 184° and is soluble in hot benzene or 
chloroform with red fluorescence. It la easily 
distinguished from the inononiolceular com¬ 
pound in that As solution m suli/huric acid is 
green. 

CliPh 

II 

Beniylidene anthrone 

(Haller and Padova, t’ompt. rend. 141, 867) is 
closi'ly related to the above bonzal dihydro- 
anthracenes. It is obtained by the condensation 
of anthianol with bonzaldehyde in pyridine 
solution containing piperidine. The yield is 
3(5 p.c. of that demanded by theory. The 
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substance cmtalliBcs in yellow needles, and is 
readily soluble in chloroform, benzene, and 
acetone, sparingly so in ligroin. It melts at 
12C“-127®. The corresponding anisylidcno and 
?»-nitr(»bonzylidenc derivatives melt at 141“ and 
Ihd'’ respectively. The benzjdidcne anthronc 
ia also easily obtained on passing hydrochloric 
acid into the acetic acid solution of heuzi/l 
oxanthranol. The latter is jirejiared by the 
action of magnesnnn benzyl chloride on aiithrn- 
(juiiione. It forms colourless ciystals from 
alcohol and melts at l id". 

Ethylanthracene (Uebcmmim. Annalcn. 212, 
Ei 

109) is formed by boihiig ethyl 

bydraiithranol with alcoliol and hydrochloric or 
pieric acid. 




or CioH,,.If,0. 


It orj'flUllisOT from alcohol in large conrontricallT 
grouped plates which molt at 60°-6r. The 
pierate melts at. 120°. 

£thyIhydraothranoI 

c.h.<[:(^W>c,h. 

IH produced by heatuig aiithiuquiiionc (3 jiaits) 
with zinc-dust (10 parts), caustic soda solution 
(10 p.c.), and ethyl bruinide (2-4 parts). 

9 : 10 - Dimethyl - 9 : 10 - dihydroxydlhydro- 

ClI, 

anthracene (lluyot and 

CH. 

Staohbiig, Hull. Soc. chim. [in.] 33, 1162). Tins 
substance is jux‘[)ared by the action of magnesium 
methyl iodide on iwithraquinone. It crystallises 
from methyl nlcoliol in colourless prisms con¬ 
taining solvent of crystallisation Sonic of this 
it loses on exposure to the air, but the last 
molecule is not driven off unless the substance 
is exposed in ihkuC to a tcm[>eraturc of 100". 
3’he anhydrous compound nults at 18H' and 
tbssolvcs in Bulplinnc acid with a green colour, 
changing on standing to yi'^ow. When treated 
with alcohols tlie curu'sjionding ethers arc pro¬ 
duced, Thus ethyl alcohol yields the diethyl 
ether of the anthracene (lerivativo, • 

9 • Methyl - 9 • hydroxy ■ 10 • methenedihydro* 
CII. 

A, 

anthracene h obtained 

I • 

CH, 

when the dihydroxy compound (v. &npra) is 
boiled with acetic acid. It is a canary yellow 
crystalline powder melting at 223®, and 8])aringly 
soluble in organic solvents. It dissolves m 
sulphuric acid to a clear yellow solution. 

i^oButylanthracene (Liebermann, Annalen, 

CjH, 

212, 107) is obtained by boil¬ 

ing an alcoholic solution of wobutyl hydran- 
thranol (C,,tlj,OH) with picric acid or hydro¬ 


chloric acid. It crystallises from alcohol 
in fluorescent needles; m.p. 67®. The picratc 
crystallises in long brownish-red needles. 

tioButylhydranthranoI 

is prepari'd by iioiliiig 3 jiurts uiitliraqunione 
with 10 parts of zino-dust, 50 parts of caustic 
soda solution (10 ]i.c.). ami 2-4 parts of «.s‘o- 
biitj 1 bromiih'. It crystallise.^ in needles, which 
melt at 71“-72'\ 

iNoAmylanthracene (Licbcnuaim, /.r.) 

c.if., 

\ • 

IS prepared from i,sr>iimylhydraiithranol (u. 
Lwlmli/lavlhriican). Long, colourless sea-green 
needles, m j). 69 '. V'ery soliiblo in benzene, 
(JSj.Elltlj light petroleum, and hot alcohol; 
diflicultly soluble in cold alcohol. The solutions 
Hunrosce blue, 'riu: solution in Hulphiiric acid 
is green ; on warming it becomes red. Chromic 
acid oxidises it to twamyloxaiithranol 

* * ^< '0 

ChloriV^oamylauthracene 

I'.I'u 

('i 

IS oliiaiiuul by pu.-ismg cliloriiie into a solution of 
is'oaiiiyliiiithiaceiie in chloroform. It cryslnl- 
liscH from alcohol in jiale-yellow needles, which 
melt at 79"'7 r’. I’lic solutions fluoresce blue. 
Tlio ])icrati' crystallisi's iii red needles, which 
melt at 108". 

Bromoi^oamylanthracene 

( Jl„ 






Bi 

IS obtained by adding tlic l alculaled (piautity of 
lu'omine to the solution of the hydrocarbon in 
20-30 ]>arts of CSj. Orange-yellow needles, 
m \K 70". The picratc ciystalfises in orange- 
yellow iiecdKs, uhich melt at HO '. 

rAoAmylhydroanthranol 


• * ---CH,- 


>C.H. 


(ti. iMihulylhydranihranol). Needles, m.p. 73"- 
74". Very readily soluble in alcohol; insoluble 
m water. 

Tn 

Phenylanthracene 0,11 is ob¬ 

tained by distilling phcnylapthrol (Booyer, 
Annalen, 20^, 01) 11,3(011) with zinc-dust; 

also, but in very small quantity, by distilling 

diphenylphthalidc 0, or tri- 

pheiiylincthanc carboxylic acid with 

zinc-dust. It is also pV(»duced, together with 
aii^hraceiio and other hydrocarbons, by the 
action of alununium chloride on a mixture of 
chloroform and benzene (bYiedel and Crafts, Ann. 
Chim. Phys. [vi.] 1, 495). It crystallises from 
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alcohol in plates which melt at 151'’~153®, and 
boil at 417®. It ia readily soluble in hot alcohol, 
ether, CSj, CHClj, and benzene, the solutions 
possessing a blue lluorcscence. Oxidation with 
(’rOg anu acetic acid converts it into phenyl- 

oianthra5olCO<^''2*'\C(C.H,)OH. The pi- 

cratr crystallises in red needles. Reduction with 
hydriodicacid converts it into a dihydride 
which molts at 120'^-120‘5'^. 

Pbenylanthrano! (Bacycr, Ir.) 

Vh 

(HI 

is formed by di.Hsnlviiifi tri|)lienylrm‘thaiic cnib- 
oxyiie acid (C^jllj)^!'ll'OOH in 3 parts 
of sulphunc acid and j)ouiinj' .the mass into 
water. The precipitate is cdllectod, washed with 
dilute Hodiuin earbonate, and recrystallised from 
alcohol. "S'cllow needles, winch melt at Hl'"- 
144°, Avitli slight decomposition. It dissolves 
rcarhJy in other, forming a yellowish solution, 
uluch possesses a greenish-yellow fluorescence. 
It dissolves also in liot alcohol, jictruleum spirit, 
and aeoton<‘. Oxidation with ('rOg converts it 
into phcnyloxanthranol 

The acetate CaHaOy( •jofli.i crystallises from alco¬ 
hol in yellow needles which melt at 165°-I(W)°. 

Dlchlorophenylanthranol 

iyi.a 

im 

is formed by boding phoiiolphlhalidcm chloride 

CO<^*|^‘~^C(OH)C,H.CJ with zinc-dust 

and acetic acid It crystallises Irom alcohol m 
needles, which molt at 170°. Jt i.s very sparingly 
soluble in alcohol, moderately soluble in acetone 
and ether, readily soluhhi in benzene or CSu. 
forming bluish-green fluorescent .solutions. 
Phenyloxanthranolchloride 


iah-blue. It is i*eadily oxidised by CrOg and 
acetic acid to incthylphenyloxanthranol 

yC.H. 

Methylphenylanthranol 

Ph 


MeC.H, 




C.H. 


OH 


issitniliiily prepared by lieatingmetliyltriphenyl- 
methane ear hoxylic acid 

ujt.Ii auljtiujiK' acid to JOU''. Jt crystailiaea freni 
alcohel in glittciing plater iihich on heating 
become lirown at JiUi', and melt at J0(i''-lft7‘^- 
li 18 readily soluble ill ether, boiling alcohol, 
and glacial acetic aciil. 

Methyl-p-tolylanthracene 

0 , 11 , 

(Linijinehl, Amialcn, 2‘J9, 291) is obtuined by 
the distillation of metbyl-p-tolyloxantbranol 
with zinc-dust in a stream of hydrogen. It 
forms yellow needles of m jo 191°. On oxida¬ 
tion with chromic acid tn iun-tic acid solution, 
it yields mcthyl-p-tolyJoxanlliranol. 

Methyl p-tblylanthranol 

tMl, 

Met jH-i 

OH 

Thi.s substance is easily jnodueed hy tlis.solving 
di-y)-tulylj)hcnyl metliane e-carboxylic acid iu 
concentrated suJ])hurjc acid. On pouring the 
solution into water, small yellow’ crystals, melting 
at 117”, separate. The compound is easily 
changed to 

Methyl-p-tolyloxanthranol 

CyH, 



I by oxidation with chromic acid. This derivative 
crystallises from toluene in colourless needles, 
; molting at 2U()°. 

9:10 - Diphenyl - 9 :10 : dlhydroxydihydro- 


(Haller and C4uyot, Bull. Soc. chim. 1897, [lii 1 I'h 

17, 873) IS obtained by warming diplienyl- ■ 
phthalide with phosphorus pentachlornlc. It | antiu*acene 
crystallises from benzene in largo, colourless, 
transparent prisms, melting at 104°. Water i 
changes it to phcnyloxanthranol, whilst with i 

methyl akohol it yields phcnyloxanthrancl ; Guyot_ (lompt, rend. 138, ;127). This compound 
methyl ether. t. . ' produced in 10 p.c. yield by the action of 

Methylphenylanthracene (Hemihan, Ber. !(>, ; magnesium plienyl bromide on anthroquinone. 

pjj It crystallises from methyl alcohol in colourless 

nocdie.s, containing solvent of crystallisation. 
2307) MoC',H 3<' is formed by the Thm is lost on exposure to air, the crystals 

^ falling to a white powder, melting at 247®. The 

distillation of methylphenylaiithranol with z^ic- solution iu sulphuric acid is indigo-blue, changing 
dust {v. infra). It crystallises from alcohol to orange-yellow on heating. The colouness 
ill yellow crystalline masses (melting-point not solution in glacial acetic acid exhibits blue 
given). The alcoholic solution fluoresces gi’een- , fluorescence. 


(H,allrr_and 
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2-Methyl-9:10-dlphenylanthracene 
Ph 

Ph 

(Guyot and Staehling, Bull. Soc. ohini. [iii.] 
33, 1104). When phenyl maguosium bromide 
acts on 2-niotbylan1hraquinone the product 
varies according to the conditions ('mployed. 
If the organo-metallK^ ilerivativo is slowly 
added to a benzene solution of the qiiiiione. 
then Hemilian's 2*m(dhyl-ll-phonyloxantbranol 
{v. mpra) is the main product. On boiling 
the quinone with a solution of magncsiinn 
phenyl bromide for many hours, then 2-me(.hyl- 
9 : 10-diphonyl • 9 ; 19 - dihydroxydihydroan- 
thracone is produced. This orystalliHes in cubes 
and melts at 240®. On treatment with zinc- 
dust in acetic acid solution it is reduced to 
2-methyI-9: lO-diplieiiylanthracone. 

The latter crystallises from benzene and 
alcohol in yellovc-green diehroic jilates, melting 
at 213\ and soluble in organic solvents witJi 
intense violet-blue fliioreseenee. (Chromic acid 
changes it to 2-m«‘thyl-9 : l9-dij>li<'nyl-9 : 19- 
i 1 i by f 1 1 'oxy d i hy droanth raeen<‘ 

< J0^7 

Di-a-naphthylanthracene 

t ioIIt (“) 

(Guyot and Staeliliiig. / c ) is ]nefiarc<l KiimlaiJy 
to tin' above di})henyl dmivative. a-Naphthyi 
magnesium bromidi! and aiiiliraquinone yield 
9: 19-di • a-naphthyl-9 : 19-diliydroxydihydio- 
anthraceno, which forms colourless crystals 
from toluene, and contain 1 molecule of toluene 
of crystallisation. It dissolves in sulphuric 
acid with a raalaehite-greeii colour. I)i-a* 
naphthylanthracene is olitained from this 
di-ol by reduction with zinc and acetic acid. 
It forma yiOlow crystals, soluble m benzi'ne, 
and exlnbiting a mn.st intense violet finorcMcence 

Ph. 

Dlphenylanthrone (Hah 

ler and Guyot, Bull. 8oc. elitm. IS97,|iii.] 17,873 j. 
This compound is obtaineil by the aot^n of 
aluminium chloride on a benzene solntkm of 
phthalyltetrachlonde. The latter may be re¬ 
placed by anthraquinone eliloride or plienyl- 
oxanthranol chloride, which ai-e probably inter¬ 
mediate products of tlio reaction. The substance 
crystallises from acetic acid in colourless needles, 
or from benzene in large transjiareui jirisms, 
melting at 192®. Altliough undonbteilly a 
ketone, it docs not react with phenylliydrazine. 
It forms a molecular compound with nitro¬ 
benzene. 

2': 4' (or 3'5') Dlhydroxjfc-9 ; 9 - diphenyl- 
PhC,H,(0H), 

asthione (Laebermann and 

Lindonbaum). Phenyloxanthranol chloride (v 
supra) furnishes this substance when it is treated 
with resorcinol in boiling benzene solution. Other 
phenols react similarly. The resorcinol derivative 
crystallises from alcohol in the form of colourless 
needles, which, when heated, lose solvent at 
126®, and then melt at 269®-261®. The solution 
in concentrated sulphuric acid is yellow. On 
boiling with acetic anhydride and sodium acetate 


a diacctate is produced, and th^is compound crys¬ 
tallises from alcohol in plates and melts at 191®. 

Scharwin*and Kusnezof (Ber. 30, 2020) have 
condensed anthraquinone with phenols and with 
resorcinol, using for the former condensation, tin 
tetrachloride, and for tlic latter, zinc chloride. 
The substances produced are bydroxV deriva¬ 
tives of diphenylaiitliruiio. 

pDlmethoxydiphenylanlhrone • 

MeOH^C, (^flH^OMe 

(SciiarVin, Naumof and 8andurin). 

Anthraquinone clilorule condenses with ani- 
sole to form this .substam-e, when tlu* solution of 
the mixture in carbon disuljibide is treated with 
aluminium chloride. It eryNtnllisc.s from alcohol 
in yellow rliosnbobedra of m.p. 208". It is 
.soluble in the usual organic solvents, and in 
sulphiirK! acid willi red-violet colour. On 
hydrolysis with aluniiniiim chloride li yields 
pheiiolanlhraquinone identical nith the pi'oduct 
ol)taine<l by Scharuin and Kusnezof (f.c.) from 
anthraqumcme and ])lienol. 

9 : 19 ; 19 - Triphenyl9 - hydroxydihydro- 
OH 

/C.-Ph 

anthracene Cgll*^ {Haller and 

Ph, 

Guyot, C'oiiijit. rend. 130, 9). Tliis substance 
can he obtained by dropping a benzene solution 
of ilijihenylaathrone {v. supra) into an ethereal 
solution of magnesiutn-phenyl bromide. After 
the addition of winter, and acidilication, tlie 
solvent is evaporated, when the carbinol crystal¬ 
lises in colourless voluminous needles, which 
contain 1 molecule of ether of crystallisation. 
'J’his is removed at 120®, and the subsianco 
then melts at 209®. Jt dissolves in sulphuric acid 
with orange-red colour. 

Themothyl etlicr is obtained hy adding methyl 
alcohol containing hydroidilorie acid to the 
boiling toluene solution of the carbinol. The 
colourless leaflets melt at 218®. The cm resjmnd- 
ing ethyl ether melts at 260®. 

Triphenyldlhydroanthracene 



is prepared— 

(a) By boiling the above carbinol or its 
ethers with zinc-dust and acetic acid. 

(/;) Methyltriphenylraethane-o-carl>oxylate 
Ph 

\/\cO,-CH, 

reacts with magnesium-phenyl bromide, yielding 
Ph 

the tertiary alcohol and ^eH 4 <^QQg ^^Hj. 

Ph, 

This crystallises from methyl alcohol as its 
m^h^l ether, m.p. 216®. The orange-red 
solution of this metboxyl compound in sidphurio 
acid quickly becomes colourless, and on duution 
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triphenyidihydroahthraceiie is precipitated. This 
last change is still better ejected by tiie agency 
of hydrochloric acid in glacial acetic acid solution. 

Triphcnyldihydroanthracene forms (folourless 
orystals from a mixture of benzene and alcohol, 
and melts at 220". Its solution in sulphuric acid 
is colourhss. 

Methylbenzanthrone. 


I 


I ! I 


Me 


This is an elegant example of tho synthesis of a 
complex substance by two entirely different 
methods and is a strildiig instance of the value 
of structural formulee. Halogenatcd pyran- 
threnes give redder shade-s, and a number 
of these are known and olitained by direct 
halogenation, oi, more usually, from lialoge- 
nated dimctliylclianthraquinonyls. It should 
he noted that Aurantlirone, a vat-dyestuff 
obtained from 2-ine1hylanthraquinone by heat¬ 
ing with alcoholic jiotassium hydroxide is 
possibly cliantliraquiuouylethylene. 


^•Melbylanilirniiol (lissolved in sulphuric ncid 
Be) 13 heated W'lth glycerol at 145' 150" 
(I). R. R. 200X15). This liomologue of hen/.an- 
thronc dis-solves in concentrated Hulphinic acid 
to a ie<l-hrown solution which ('xlnhitH orange 
tluor(‘sc(‘ncc. If, cryatallises from alcohol lu 
yellow m‘(!dl<‘H v\lm;h m<‘1( at JOO". On heating 
with iH)ii<;eutrat(‘d alcoholic }M)ias8nmi hydroxide 
at 100 if yields a vat dvesl iiff giving lilac shaikhs 
(1). n. 1‘. IS8lo:i). Wifh .sulphur at 240° it 
reaets with ])io(lu(ticn ot a hlui.sh-gicen vat- 
dyestuff (D. li. R. 200251). 

2: 2'-DimethyM ; l-Dlanthraquinonyl, 


Methylantuiiackne Deuivatives occurring 
IN Nature. 

Chrysophanlcacld iChri/.so2tJHiiiJ?/inisoph(niol) 

Oil 


OH 


'CH, 


I 


M‘()' 


1 


I I ! 

This important interniediatc was iiist obtained 
by *8011011 and Mansfield (Her. 1007, 4(f, 1001) 
in the course of their woik on the constitution 
ot tiavanthrene, jiyranthrcne. and other complex 
fiolymich'ar vat-f(y<‘st-ulls. It is piejiaretl from 
1 •iodo-2-methylantlira(juiTione by the a< tion of 
Clipper powder {rf. also J>. R. R. I80J57). 
Another method (1). R. P, J84495, 215000) 
consists in treating the diazunium sulphate 
from 1 - amino - 2 - methylaiilhraqiiinone with 
eoppi'r pow'der in acetic anhydride solution or 
W'ith cuprous chloride in aqueous solution. 
Rondensation by hi'ating or in various other 
ways jirodnces pyraiithroni^ (liulanthrene (lold- 
Orange (t) {ftfc Vat-Dves) in regard to winch 
it may he mentioned here that its constitution 
is flirt her jiroved by the synthesis from <li benzoyl- 
pyrene by heating with alumunum ehloride to 
100 ° 

(X) CO 

/\'' V \ /\ \/'\ 





'''\/\ 


CO 


CO ^ 


\/\/ /\ 
II I ' 

\/''CO/\/ 


I Orni.irc'ncc —In vaiious species of lichens, 
; P<innrli>t pmicliita (Aeh ), Ltamoia (PhinHiivni) 
' flc<jans (Aeh.). Cas.^in .'^'pcaom (ychrad.), Pham- 
\ ■nils fraiujnla (L.), Phmnvns Piushunia (i).C.), 
'i (as gluciwido). in the loot of liunwr. ohiiisifolins 
(B ), in senna leaves, and m CJiincsu rhuhaih. 
I'h'om this latter source a definite gluoosido 
ehrysophani'in C^jll.„()„ ha.s hi'on isolated by 
Gilson (Arch, internut. de Rliannako-dynainie et 
dc Tlieiapie, ltM)5, vol. 14, 487), 

Preparation. —ChrysopliaiiK^ acid is usually 
I obtained by the oxidation of chrysarohm (?'. 

I iiijia) (Liehormann, Seidlei, Aimaleti. 212, 30), 
( which is mixed with dilute ]K)(as.sium hydroxide 
I solution and a current of air passed until the 
I liquid lias uequiicd a dticji reddish colour. 

I Th(“ quinone i« ])reciiu(aied into IK'I and 
extracted with ligroin (h.]i, 50’-(>0°). On 

<‘vaj)oiat,joii of the solvent, a yellow residue is 
obtained whieli can he crystallised from alcohol. 
Kiselier and Gross (J. pr. (’h. I91J, [u.] 84. 370) 
giv(^ details of the iireparation of ehrysophanic 
aeid by oxidation of (dirysarohin by ehroinic 
acid in glacial acetic acid solution. I'ho 
meltii\g-pt)int8 found for ehrysophanic acid 
by various authors range from 154” to 100”, 
and this lias been shown to lie due to the fact 
that the substance commonly contains an 
admixture of its methyl ether. Rejieateil 
erystallisation leads to a product containing 
oitly 0*30 p.c. raethoxy], and this molts at 188”. 
Oesterle (Arch. Rliann. 243, 434) obtained a 
methoxyl free chrysojihaiiol by treatment with 
anhydrous aluminium chloride in benzene 
solution. After crystallisation from ligroin, 
alcohol, and benzene, tho pure chrysophanol 
melted at 190”. * This melting-point was also 
found by Gilson (/.c.) for tho hydrolysis product 
of the pure glucosido chrysophanein. The 
analysis of the pure substance agreed excellently 
with the formula C,jHi<, 04 . As ordinarily 
obtained chrysophanol crystallises in orange 
needles, which sublime, partiaUy with decom* 
}> 08 ition, in the same form. The methoxyl free 
substance consists of shining brown-yellow 
leaflets, when crystallised from benzene. It 
is almost insoluble in water, but soluble in ether, 
benzene, and glacial acetic acid. It is difficultly 
soluble in ammonia and alkaline carbonates. 
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but readily in potasBium hydroxide, forming a 
deep-red solution. Distilled with zinc-dust 
chrysophunie acid yields methyhvnthraeene 
(Liehenminn, Annalen. is;{, IdO). 

'I’he absorptiem siH’ctrum of a Hftliition of 
ohrysophanic acid (Liebennaun and Kostanooki, 
Her. IP, 2'.VM)) m siilphurn' acid, uliich resembles 
very closely that of cluysuzin. is shnuii in 
Fig. 4. 


BCdD Eh F G 



Fia. 4. 

Since chrysophanic aeiil diaectate is con veiled 
by oxidatnm. with (“hroiiiic acid lu acetic acid 
and ai-cLie aiiliydiidu solution, mio diaielvl 
rheiii, the. poailiona of the gioups ai(‘ evidi'idiy 
identical in t.he two .'substances. 

Derivatives of chrysophanic acid. 7’r/ra- 
nitrochri/'iopJiiiinc a< id (Licbei maim and (b<‘s(‘l, 
Annalen, J83, I ir>) is olilained wlicn chrv.so|>haii!e 
iKiiil IS warmeit wdli concimlr.itcil tiilm uiid. 
it oeiairs m ycliou mioio Ic.diets, wiiuJi dcconi- 
poae oil hc'atiiiu The substance is ifiiite 
insolubh^ m water. solid4c in luotic atul, .lud 
behaves as a streiig acid. It lescmbU's chry.sam- 
mie .icid. 

Amliio derivatives. Airiin<Mhw!f(hif.ioidiiihir 

iiriil J^iebcrniann and tiicsel. l<.) was obtained 
by heating chryso|tlianic m id with concentialcd 
ainiiiouia at 200'', or l>y li-aving tlie acid with 
strong aniinunia loi a long time at tlu* ordiiiaiy 
teiiiperalures (Hessi*. Annalen. 200. 22). Jt is 
a clierry-red jjowder foiniing easily soluble 
piirjile-violet salts with alkalis It is sjiaiiiigly 
soluble in ether, conniaridively readily so in 
alcohol. In tins com|KUind. either one of tho 
hydroxy gioujis of tlie eljryso|ilianie acjd is 
lejilaeed by ammo. (»r one of tin* carbonyl 
oxygens by innno. 

Jhaifimo-de-dinj //-I lini.soji/ifiiii< ii< id (Lieber- 
maim and Diesel, /.(.) is obtained when ehrysu- 
phanic aiud is lu'atetl at l.'^O' with a small <pi<ui- 
lity of aqiKMuis ammonia Since this siibslamc 
IS soluble in alkalis it may probably be ‘mori' 
coiTCctiy designated as iliiminocliiy,so|ilianie 
acid. On boding with acclir aiibydride it 
yields acetylelirysopliame a< i<l imide (so called) 
having the composition I'l-iHstl' Jl i0)NO, 
This substance erystalUses from eblorotoim in 
violet needles, having a metallie relii'X. 

Mohoacelykhryso-pknhic uri(/C\5llg(r^il30)0^ 
(Hesse, l.c.) is obtained by the action of acetic 
anhy^lride on chry.su]>hanic acid. Jt is dissolved 
by gently wanning and then allowed to remain 
48 hours. Jt crystalliHcs fronf acetic acid in 
yellow needlos of m.p. J52°. 

Diacetylchrmophanic and 
(Liebermann, l.c.) is the product when chryso¬ 
phanic acid is boiled with sodium acetate and 
acetic anhydride. Oesterle {l.c.) gives the 
melting-point of the pure substance as 208®. 
It crystallises in light yellow leaflets, and can 
be oxidised by chromic acid to diacetyl rhein 
(Fischer, Falco and Gross, J. per Chem. 1911, 
fii.] 83, 208). 

Dihenzoylchrysophanic acid C'i4H8(C7Hj0)j04 
(Warren de la Rue and Miilier, J. 1862, 323) 


obtained by the Rcliotion-Baumann reaction, 
crystalli.ses iu pale yejlow needles, melting at 
200 -208® (Tutin and Clewer, C1vem. Soc. Trans. 
99, 956). 

Cfirysophuinc acid monoinetkyl ether 
L‘„n80,(OH)(OCUD . 

(Oe.sh'ile, ! c.) is the main product when chryso¬ 
phanic acid IS methylated by means of methyl 
sul[)fiate and potas.'^ium Iiydroxide. After a 
proeesH of puriiicaDon, it can be crystallised 
troni alcohol. It forms clear orange needles 
I u'hieh melt at 204®. Us acotyl derivative 
I consists of lemon-yi'llow needles when crystal- 
' hsed from aloolml, m.}». 204®. 

ClirysojdKiinc and dnmihyl cflier 

D„H,(>,(t)<^JJ3), 

IS also pnuliiei'd when the acid is tn-ated with 
a l.iige e.\<eH,s*of methyl sulphate and alkali, 
it ei ^ siiillist s in orange needles, in.ji. 195®, 
eithi'r from ai'i'tio aiurl or aqueous alcohol. It 
dissnlves with red eolom m eoiicentratcd sul¬ 
phuric acid 

Chrysophaneln (Dil.son, l.c.) is a.s alreaiU 
iiiciil miicd the glucosule of ehryaopluinic acid. It 
erystalli.se.s m nei'dlcs fiofii 92 p.e. alcohol and 
melts at 242 -249'. Jt is taaii'less, and this in 
conjuuetion with its otlu'r jiiopei-ties renders 
the lormulation ot baibaloin as a glucoakle of 
alocmodin ami arabmosc open to ciiticism. 

Chrysophanhydranthrone ('-5111.2,).,. Since 
chrysarobm {eec below) gave enrysopbanic acid 
on (ixidation. attcnijiis were made to realise 
the M'vm'se ]iro<;ess. liiebermaim (Her. 21, 
4;i(i) reduced c'hiysophanii' acid with tin and 
hydroeliloiic and acetic acids, and obtained a 
(•ompoiind which rrystalliscd fiom benzene in 
yellow leaflets and nuflted at- 19(i®. It was not 
chrysarobm and was termed ehryHojihunhydran- 
throne. Ho.sse (Annalen, 284, 1‘'4) obtained the 
same NiibstaiHi' by beating chrysophanic acid 
with hydriodi<- acid, dowett an<l PotU'r (Chem. 
Soi Tunis. 1902. 1584) obtaine.d in this reaction 
ehrysaiolini; hut Jlesse obtained chrysophan- 
liydiantln-one by heating chryaarohin with 
coii(;eiitui(.('d hydnxhlonc or liydriodic acid. 
The meltmg-|ioint- of the juiri* hydranthrone is 
205®-2IO®. On distillation with zinc-dust 
mctliylantluiieene is obtained. Jt yields a 
diacetyl ilenvative whicli crysialliHi's from acetic 
aeul in needles of m.p. 22H'’-24() , » 

Chrysarobin (?). This derivative 

111 clirysopliiinic acid is a nunedy indispensable 
to the dermatoliigisl, and was first obtained 
from (h)a jiowdor by Attfield (J’harm. J. 6, 
72J) l)y e.xtraetion with chloroform. Lielier- 
mann and Seidler (Annalen, 212, 34) prepared 
the compound in a pure condition. The so- 
called Goa powder scjiaraies out in the pith 
hollows of certain trees Ijelonging fo tho genus 
Andira in Biazil and India. It is extracted 
; with benzene, the solution evaporated, and the 
' residue rcjieatcdly crystallised from glacial 
; acetio acid. Small yellow needles, m.p. 170®- 
! 178®. Jnsoluhlc m water and ammonia, diffl. 

I cultly soluble in alcohol and ether, more readily 
soluble in benzene, glacial acetic acid, and 
chi^uform. Insoluble in very dilute potassium 
hyffroxide, but soluble with a dark green fluores¬ 
cence in strong solutions. This solution is 
readily oxidisea by the oxygen of the air, 
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yielding chrysophanic acid. Distilled with 
zinc-dust, chrysarobin yields methyl anthracene. 
Chrysarobin has n(» dyeing properties. It may 
be the anthranol of chrysophanic acid, although 
a double molecular formula has Im^oii ascribed 
to it by several authors. 

The ifcctyl denvalive.s of chrysarobin and of 
the dichrysarobin obtniiicd by heating the 
solution in acetic a<Md have been carefully 
investigated by Hesse (Annalen, 301), (M)). 

Monoacetyl denmlu'c is obtained by 3 4 j 
hours’ boiling with acetic anhydride I’lie yellow 
leaflets obtained on crystallisation from acetie 
acid melt at 188°-]1)0°. 

Diacetyl derivative is jiroduced when elirysa* 
robin is boiled (5 hours w'llli acetic anhydride. 
It crystallises in rhombic prisms, m.p. 21()” ; 1 he 
solutions fluoresce bhu'. A S-diaeetaU' of 
m.p. 2<ir)°-27()‘^ has also l>een isolated. 

Tnacclyl chrysarohi7i can Ue jiroparcd by 
heating either chrysarobin or chrysophan- 
hydranthrone with acetie anhydride and sodium 
acetate for 1 hour. It crystallises in prisms, 
m.]). 234'". 

Hexaaceiyl dichrysarobin is firoduced by 
boiling chrysarobin with sodium acetate and 
acetie anhydride for ,many luuus. It is amor¬ 
phous, and melts at 126". 

Aloemodln 


obtained by the Schotten-Baumann reaction. 
It crystallises well from ethyl acetate as greenish • 
yellow micro leaflets, m.p. 235'^. 
Telranitroaloemodin 


NO., 


OH OH 


NO, 


NO, 


CH,0H 


HO CO OH 



OIHOH 


is the so-called aloetie acid, which is obtained 
together with chrysammic acid, by the action 
of nitric acid on barlialom. The substance was 
iiist obtained by ftcheide. who termed it aloe 
bitter, and subsequently by a number of 
ehemi.sts. but it was fimt isolated in the pure 
condition by Mulder (Annalen, 1849, 72, 280). 
Oesterle pnived that the subrianee is tetramtro- 
alocmodin since ho a|»|>lied to it the jirocess by 
wluch Licbernuiim and Cicsel (Annalen, 183, 
184) converted ehrvsaminic acid into ehrysazin, 
and obtained aloemodiii. 

Aloctic acid is a yellow'’ crystalline powder 
which becomes red on standing in the air. It 
is fairly sohihli^ in w^ater to an intense red 
.solution It is also soluble in ether, chloro¬ 
form, alcohol, benzene, and ethyl acetate. 
Leger (Coinpt. rend. 1911, 153, 114) linds Hint 
on further oxidation w'lth nitric aeitl, aloi'tic 
acid yickls ehrysammie acid and 2;4;b In¬ 
in trometaliydroxy benzoic acid. 

Hydroaioetic acid 


Aloemodiu occurs (Leger, Hull. Soc. elnm. ' 
fiii.l 23, 785) together with barbaloin and tso- j 
barbaloin in Barbarhis aloes, and ni smaller i 
quantities m all other varii'tios (tf aloe. I 

It may be prepared best by the action 4»f i 
alcoholic hydrochloric acid on barbaloin (Ocstorlc, 
Arch. Pharm. 237, 009). The dried reaction . 
product is extracted with hot toluene, the 
solution treated with animal (charcoal ami 
concentrat<‘d; w'hen on cooling orangc-yelhnv 
needles separate. 'Phe substance is purified by 
many recrystallisations from toluene and from i 
acetic acid. After sublimation tlio pure aloe- . 
modin melts at 224'". Leger, and Jowelt and 
PottcT have obtained aloeniodin by the oxida- ' 
tion of barbaloin with sodimn peroxide. Tetra- 
chloraloengidin and totrabromaloemodin are 
produced by the oxidation of tetrachlor- and 
totrabromharhnloms with the same leagent. 

When Iicatt'd wuth a little sul])liurie acid and 
subsequently treated with dilute ammonia 
solution, aloemodiu gives a violet colour; 
frangula emodin under the same conditions gives 
a cherry-red. Aloernodm w'hcn oxidised with 
chromic acid in acetic acid solution yields 
rhein CnH|Oj. This is a carboxylic acid, so 
that aloemodui CjjHioOj must be recognised 
as the corresponding primary alcohol, and 
further as hydroxychrysophanic acid. 

biaceiylMoem^xn C,pHgO.(COCH,)j is ob¬ 
tained by boiling aloemodin witn acetic anhydride 
and sodium acetate for an hour. It crystallises 
from acetic acid in small yellow needles, m.p. 
177'"-178°. Although aloemodin yields a di- 
aoetate, tetraohloraloemodin has three hydi&xyl 
groims which can be aoetylated. ' 

Trihtnzoyl ahemoin Ci|H, 05 (C 0 Ph )3 is 


NH, 


OH CO OH 

Nnii, 

jCHjOH 

NH. CO 


The reduction of aloetie acid (Oest<T]e, Sohweizer 
Wochcnselir. f. Ch. u. Ph. 1909, No. 31) is 
accomplished by an aqueous solution of jH'tas- 
sium bydrogen sulphide. ITydroaloetie acul is a 
blue-black amorjihous substance very sparingly 
soluble in most solvents. The solution of the 
.substance in concentrated sulpliuric acid W'as 
treated with nitrous fumes and then boiled with 
an exce.ss of alcohol. It was found possible to 
isolate aloemodin by acetylating tlie product, 
purifying the diaoetate and hydrolysing with 
alcohoUo ptitasli. The aloemodin obtaiiusl nwited 
at 223^ 

Frangula emodin (emodin) 

t-uB,oO,.or(;i4H,(CH,)(OII)30a 

(position of OH groups unknown, but probably 
the same as those in flavopurpurine). 

Occurrence .—in rhubarb root, the bark of the 
alder tree, in Rhatnnus Purshiana (J).0.) (cascara 
sagrada) and Rkamnus catknriica (Linn.). 

Preparation .—Alder bark is extracted with 
dilute sodium hydroxide, the solution precipitated 
with HCl, and the precipitate purified bv re¬ 
peated rccrystallisation from absolute alcohol. 

Orange-red, silky needles, m.p. 246'’-260® 
(Liebenuann, Annalen, 183, Ifll). 

Moderately soluble m benzene, more readily 
so in alcohol and acetic acid; soluble in dilute 
ammonia, forming a cherry-red solution. Does 
not dye mordanted cloth. DiatiUed over zinc- 
dust ^-methylantbracone results. The absorp¬ 
tion spectrum of a solution in concentrated 
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sulphuric acid is shown in Fig. 5 (Licbcrrnann j Rhein occurs in rhubarb, from which it was first 

-rw . . ‘ 1 U.. IT—1 won ‘Mm A‘»\ Xl« 


and Kostanecki, Bor. 10, 2.330): 
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Fro. 5. 

and closely resembles that of flavopui jniiiii 
The triacetate (Liebermann, he.) 

crystallises from acetic acid in yellow nec'dles. 
m.p. 190®. 

Trihenzoate. Tulin and (3cwct (C'hein. 
iSoc. Trans. 99, 954) obtained this deiivative by 


I isolated by Hesse {Annaleii. 1899, 309, 43). He 
' gave it the formula OinH,(,()«. and considered it 
! a tetrahydroxyjnethvlantbrH<|uinono. 'rschircb 
and Heuberger (Airli. Pharin. 1902, 240, Oil), 

; bow(*vcr, made analyses fioin wiileh they eon- 
I eluded tiiat rhein is since only a 

1 diacotate could bo pivjiaM'd, they assignefl t<» 

I the substance the constitution of a nn'lliyb'iie 
! other of a tetrahydroxyantbiaquinone. In 
BUjipuit of this view it. was also urgeil that 
on distilbition w(1h zinc-dust rlioiii yields 
antliraoono. Oestcrlo and 3'isza (Schweiz. Woch. 
(’bi'in. Pliaiin. 1908, 4(). 701) carefully purified 
rhein, by crystaUisatiim from pyridine, and 
sublimation in ealliode ray vacuum, and support 
the empirical formula of Tsehirch and Heulierger. 
lihein is best prepan^d by the oxidation of 


applying the Schotten-Baumann reaction to ^,^tyl deiivalive of barbaloin. 

cmodin It crystallwcs fri.m gl.uual acetic ac.d „,.stcrlc (Kchwe,. Wuch. f, flinu. I'lmrin. 11K>3. 
in cniall pale yellow needles, and melts at ISl. . , j,,, ^mall yield by o.xidising barbaloin . 

Dibenzoyl emodin, lu.j). 2^.5 , has also been ; cliromiC acid in aqueous solution, but when 
descnlicd, but there appears to lie .some un- ; telraaectylliailialoiii is oxidised with chromic 
certainty as to its cxistenoi. ,„,i,y,iride solution, a .W p.c. of 

Emodinmonomethyl ether j diaoetylrlicm i.s eu.sily obtained, and rhein is 

(T 13 '(\ 4 H,(P(<) 11 )j<K;H, ; thus showm to be. a dihydroxyanthraquinone 

was found, by I’orkin and Jlummcl in I’cntlhifio ' caiboxylic acid (Robinson and Siinonsen, Ohom. 
tnaderaspainnu (('hem. }S<*c. Trans. (>5, 940), by Soc. Trans. 95, 1085). Rliein crystalhscs from 
’futiii and Olewor in rbubaib root an<l in Humrx pyridine m combination with a molecule of the 
/'yrJtiow?awM-9(Meis8n.),wbdsi OcHlcrlcand-folmnn i sidvent in glisloimig orange needles. Those fall 
(Arch. Bhurm. 1919, 24S, 47(») show that it is the , to a powilcr at 139®. and the pure rhein then 
methylated componntl usually associalcd with i inoll.8 at 318® (Tulin and (3cwer, f.r.). Oesterles 
chrysophanic acid, ; purest rhein molted at 321®--321 ’5°. It is spar- 

Jowett and I’ottcr (Chem. Soc. Trans. 1993. ingly soluble in <>rganic solvents, but dissolves 
77, 1330) obtained the substanoo by heating ' readily in sodium carbonate solution. It dyes 
the potassium salt of cmodin with methyl , both mordanted and unmordanted wool clear 
iodide. It crystulluscs from benzene in long, j yellow shades. 

orange-red needles, m.p. 209®. It is sparingly i ])iaci‘laie. \aiiouR melting-points have been 
.soluble in alcohol or acetone. A nitro denva- j assigned to tliis substance ranging from 23(1° to 
live melts at 217°, and a tetrandro derivative ' 258®. The latter value is probably correct, and 
at 275® with decomposition. The former is ; was obtained by Tutin and (Hewer (f.c.), who 
obtained by using nitric acid of sjigr. 1'42, the | jirepared this dc^nvat.iye by heating rhein with 
latter when nitric aeid{sp.gr. l‘.74)is employed. ' a large excess of acetic anh^nlridc and a little 
Its diaeetaio crysialbscs in golden needles, | cam]>hor sulplionie acid. After concentration 
m.p. 185°, and the ddxmzoate prepared by the | the compound separates in rosidtcs of pale 
Schotten-Bauniann method melts at 228®. ; yellow needles, m.p. 258°, It is soluble in 

Emodin trimethyl ether has biHui prepared by t wodiiim carbonate solution, and on hydrolysis 


methylation of cmodin ■with dimethyl sulyhate 
and aqueous potassium hydroxid<\ It crystal¬ 
lises in yellow needles m<4ting at 225® (Oestcrle 
and Tisza, Archiv. d. Pbarm. 1998, 240, 112). 


with ale.obol and sulphuric acid yields the oster 
of rhein. 

Dihcnzoifl rhein (Tutin and Olewer, l.c.) 
obtained by the Schotten-Baumann reaction, 


Frangulln. This cmodin derivative,was lirwt ' crystallises from acetic acid in yel|pw brown 
obtained m a pure condition by Caaselmann : prisms, m.j). 202'’. 

(Annalcn, 104, 77), although Binswangor (Re- lihein methyl ester Ci4H|02*(OH2)*C02Mo 
port, Pharrn. 104, J51) had previously obtained (Robinson anil Simonsen, l.c.) forms deep 
it in a crude state from the bark of Uhamnus orange noodles by crystallisation from methyl 
frangula (Linn.). It crystallises from alcohol ^ alcohol, and melts at 174°. It is insoluble in 
in lemon-yellow, silky needles, melting at 220°. ! sodium carbonate solution. 

Acids hydrolyse it with formation of emodin and ^ Jlhe.in ethyl eater 

rhamnoso so that the body is rhamnoside of 1 obtained by csterifying either rhein or diacetyl 
emodin. Its precise composition is at present '■ rhein with alcohol and sulphuric aqjd. Orange 
uncertain. Polygonin is another glucoside of j needles from alcohol, m.p. 159°. It yields a 
erhodin, although the nature of the sugar is ‘ diaceiate, melting at 170®, which is quite in- 
unknown. It was extracted by A, 0. Perkin soluble in cold aqueous potash. ,r -n ^ ■ 

from Polygonum cuajndntvm (Siob. ct Luce), Dimethylrhein('j 4 U 502 (OMe) 2 <^OH(Robin- 
(Chem. Soc. Trans. 67, 1084). It crystallises in ; son and Simonsen, l.c.) is prepared by treating an 
slender, orange-yellow needles, m.p. 202°-203®. ' alkaline solution of rhein with methyl sulphate 


Bheln 


VoL IV,- 



in the cold. The substance was isolated by 
: means of its sparingly soluble potassium salt. 

' It f:rystallis6{( from alcohol in light brown 
i needles, and melts when pure at 283 -284°. It 
dissolves in alkali to orange-yellow solutions, and 

2 A 





ilETHYL-ANTHRACENE. 


can be neither acetylated nor bcnzoylated. lie ! 
<thyl ester melts at I85'^-187'', and is insoluble j 
in alkalis. I 

Dimethyl rhein chloride C,4iiB02{OMo)2('OCl j 
is produced from the acid by the action of i 
thionyl chloride. It is crystallised by adding I 
ligroin tef its solution in cliloroform. Canary- ' 
yellow jirisins melting at l‘J(C are (tbtained. On , 
trealnient •with amiiioiiia— i 

Drmtlhyl rhnn amide 

C,4HeO,(OMe)/CC-Mi, 
is obtained. This very insolulile substance can 
bo crystallised from a large quantity ol ethyl 
aca’tate. It occurs in mieroseojiu; luxagonal 
plates, III J). 287 '. H is a iaet of great inipor- 
tanco that this amide nmlergia-s the Jloirnaiin 
reaction, and can ho eiunaated in tins way iiilo 
an anunodiTnetlioxyantlmujUinone, wliidi, utter 
removal of tlie ammo groii]i and/lcTm'thvlation, 
yic'lds elirysazm. Jtluan is tlius eliiysuy.in 
caibox_ylie acid. 

Constitution of ('hkysoi’iianio Ann, 
AloEMOPIN, and llllElN. 

The rolalioiiHlii]) of chtyHophanie aeid, 
aloeniodin, and rliein i.s expresseii liy tlic h( heme, 
Ittdlj,, JtCHj’Oll, ItCOOil, since both eliryso- 
7 )lmine. and aloemodin yu'ld ihem on oxida¬ 
tion and rliein is a lairboxylit arid (Kobinson 
and Simonsen, lx.). Now eliry.soplianic acid is 
derived from ^-metliylauthruci'iie wliilst ihem 
can be degraded to chrysazin. Accejiling the 
usual 1 :8-configiirution for chrysazin. this 
leaves two pos.sible foiimda' foi ehrys(>i>)iaiiic 
acid, namely— 


OH CO OU 



OH CO OH 




and 


'J’hat the latter (and therefore tlie correspond¬ 
ing forinul® for alueniodin and rhein) must' Ix' 
taken as correct is jiroviHl by tlu- fact tiiut 
aloetio acid (aec above) is oxidised by lutnc acid 
with formation of 2 : 4 ; ti-ti imtio-jn-hydroxy- 
bcnzoic acid. 

Furthermore, Legcr (C. It. 1012, 154, 281) 
lias found that ehrysophanic acid on fusion 
With potash yield.s b-hydroxyisophthahc ai'id. 
All posailiie doubt lias been removed by the 
following: 

Synthem of Chrysophunic acid (Edor and 
Widiuer, Helv. Chiim. Acta, l‘»22, 5, U). 

a-Xitropiithalic'anhydride condenses with ni- 
oresol 111 presence of aluminium chloride to 
3'iiitro-o-2'-hydroj!:yt(duoyib(*nzoic acid. 

NOa OH NOa Oil 

xAcq/*''"^ \/^ COOH 

This is reduced to the corresponding ammo-acid 
by means of ferrous hydroxide m ammoniacal 
solution and then converted through the diazo- 
derivative into 3-hydroxy-o-2'-bydroxy-p-tolu- 
oylbeiizoio acid. The latter yields ehrysophanic 
acid. m.p. 193^-1114®, identical w^h the natural 
product, on treatment with a mixture of boric 
and sulphuric acids at 1G0“-170®. 


on OH OH OH 

/\^co.^/\ /\^o^/\ 

\/'-(;o(iiiN I ' 

The proof is conclusive since the unthrarufin 
derivative whicli might have been obtained in 
this synthesis was prepared m another way. 

In view of tlic fact that aloin yiehis a jientose 
and aioeuiodai on hydrolysis and the latter may 
be oxidised to iliein or reduced to chrysojihanic 
mid (Ocsterle, Arch. Fliarm. ItHl, 240, 445) it 
IK remarkable that Seel, Kelbcr and Schaif 
(lh‘i. 1017, 50, 750) should be able to isolate a 
tetrahydroxymethylanthraqumone by oxida¬ 
tion of aioin with Caro’s acid. This substance 
nielLs at 232''-234" and forms a tetraacetate, 
m.p. 10H"-2Oi'^',iUid1elrabenzontc,m.]».23t)''-238°. 
Jt seems very ])robabl<! that this compound is a 
liydioxyalueiiMKlin and lias one hydroxyl in 
the side-'eluiin. 

Rubiadin. 'J’his substance, rsolaU'd by 
Sehunck (I’liil. Trans. 1853, 72) and investi¬ 
gated by Sdiunck and Marchlcwski (T. 1803, 
<13,073 : 1804,05,183) is obtained as a gluco.sido 
tiom maddei- of Hutch ongin and appears to be 
2:4- dihy<lioxy - 1 - luetliyhinthraquinone. It. 
(:ry8talll.si.-.s tioiu bcnzein- in yellow needles, 
melling at 200 , and forms an acetate melting 
at 225". 

Ihiirowehir ainl 'I’utiii (T. 1007, 01, 1013) 
hav(^ nlentilied a I'onstiiueiit. of Morinda longi- 
li<iia as a hydioxymetliowmelJiyiauthraquinone 
whu-li on eoiiipJete iiictliylaiion yields 1 :3- 
dmu'lhoxy-2-met})ylautliraqumone. 1’ho latter 
erystallises in gitkieu needles melting at 18H’. 
On the otiler hand, .Siin<)nseu (T. 1020, 117, 501) 
jiuints out that this constituent is the mono¬ 
methyl ether of rubiadm and may be hydrolysed 
to rubuidin (m.p. 200'^; acetaii^, m p. 225") by 
lieating with concentrated hydrochloric aeid in 
a scaled tube at 140"-] 50". 

Morindone (.‘fee Moiunda citrifolia)]^ atri- 
liydn *xymethylanthraquinonc, considered by 
Simonsen (T. 1018, 113, 700) to be a liydroxy- 
/i-metliylchiysazin (1) or a hydroxy-)3-mcthyl- 
uiitliraiufin (II), but the grounds lor rejecting 
one of the formula (111) or (IV') which arc 
liydr«)xyclirysophanic ucnls are not very 
convincing. 

OH OH OH 

' Me/ 

;on 


Me 
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M '( 
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OH 


1 
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Oil OH OH 
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W. 11. P. and R. R. 

METHYLAHTHRANIUC ACID v. Amino- 
acids (Abomaiic). 

2 METHYLANTHRAQUIHONE 

CO 

/\Ach. 

CO ' 
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Obtained by heating phtbalio anhydride with ] both these substances were derived from 
toluene in presence of aluminium chloride, i thiodiphcnylamine 
steam-distilling to remove ('xeesa of toluene, 
adding sodium carbonate, fdtenng and i>re- | 
eijutating the 2-p-toluoyl-benzoio acid by 
acid, redissolving in fuming sulphuric acid, 
beating and pouring into water when 2-mctbyl- 
unthraquinune is precipitated. I’nle yellow 
needles, m.p. 177°. Holuble in acetic acid or 
benrene. 

METHYLARBUTIN r. (ImieosmES. 

METHYLASPIRIN r. Svntmktic iibugs. 

METHYLATED SPIRIT c. Ai.coiioi. 

METHYLAURIN V. 'rUTI-JIJJNb LMETll VNK 

(’ul fU'KtNU Ma ITlbUS. 

a-METHYLBUTVRIC ACID r. 

ACIDS. 

METHYLDIBUTYLACETIC ACID / 

CATorC ACII>S. 

METHYLDIETHYLACETIC ACID 

TOIC ACIDS. 

METHYLDIPHENYLAMINE r. I)] in kn vl 

AMIN I-;. 

METHYLENE BLUE 


{(')!,).N 


\ 


A colouring niiittiM li 
]87<> i>v the oxidiblinn 
tliaiiinif in proseiico oi siiijihiiri'ttcd hytirom'ti 
By tiviitin" 2'-p5“‘".vl<ncdiaimnc with sul¬ 
phuretted liydro^en und ttNidismu' ag(“uU, or by 
hcfttinp it with Hiiljiliur and subseipu'iitly 
oxKiisiu'^, Lauth obtained a violi't basie ooloui in; 


from which by nitration, rednotion, and snbsc- 
(picnt oxidation, Lauth’s violet could be ob* 
tainod, niethylcno blue being the tetramethyl 
derivative. 

The nu'thud ot manufacturing methylene 
I blue formerly adojded by the Jhidinclio Anihn 
i nn<l yoda-fabnk {Eng. Put. I17f)l, 1887 ; 1). K. lb 
i IHHd; LI.S. J*at.-04790 ; c/. also Eng. I’at. 4948, 
1882; 1). H. I’. 24125 : Muhlhknacr. Dingl. poly. 

I J. 1889, 292. 271) ('onsi-.;t.s in reducing jiitroso- 
dtim thvlanihne i\0 (’j,fl,,‘il(('H ,)j, nuido by 
Ihe fiction of sodium mtritc on (iimethylanilino 
liy means oi /me oi snljilmretUHl hydrogen; 
the diinotliyl /-phcinloncdiannnc eo obtained 
IS t ifMti'din til lute acitl solution w'ith8ul[jburcttod 
hyilrogcn anti sonic oxidising agent {c.ij fcri’ic 
chlomlc) 

2E«Hj.N„-fll,S |-2<>-t21U'l 

-PiflHiHN.SEl-i-NH4C’l-i-:iH,0 
Hy the gividual iidililioii of the ferric cldorule 
t he lu|uid Ixtcomc.s de< |» l)hi(“, and the icsulting 
coltmrmg matter is 'sailed out’ by adding 
j j I common salt ami zinc chlornlc, and purilicd by 

; re solution in water and ‘ re-saltinii out.’ 'I'bis 
tloublo salt, which constitutes the methylene 
olit.unctl hy t aro ni i 1*1'"-' 

i dimethyl p uhcnylcnc- ’ erystals, readily solnhle in ]>iive w’utA^r, but 
' sparingly soluble in solution ol zinc chloride. 

Tetiamcthylduiniinodi[>henylamine when 
oxithst'd in (iresitnco of sulphuretted hydrogen 
yjeltls only traces of methylene blue Similarly 
m the simultaneous oxidation of dimethyl- 


VALKinr 


lli;r- 


Xd'lld.t'l 


NU 


u 


N 


matter clnilainiiig Bulphui, known as ‘ l,au1h’s 1dimcthyhinilme in pro- 
violct ’ or thiomnc i sence of aulphiin^ttcfl liydiogcn, the dimctbyl- 

I aniline enters but slightly into the reaction. On 
''**. 1 *^ ; tli(! ollici liumi, it the Ifdramctliyldiaimno- 

i diphcnylaiiimc, or the mixture of dimethyl- 
I /i-phonylcnedianiino and dinietliylanilmo, is 
I oxidised in prosoiici' of sodium tluo.sulphale, a 
pi'Ciiliar suljilioaeid resnltH, which on boiling 
With acids deeoinpos(*H into suljihur dioxidi* and 
l(’ifc<>-ni<'thnl(Jic blue. Jiy the oxidation of this 
body methylene, blue is icuddy obtained (Ulrich, 
Eng. I’at. 42, 1889; 1>. K. PJU 28572, 29757). 
7 \ccording to 1>. H. P. 28572 a mixture of the 
neiitial sult-s of aininodinu'thylanfline and 
dimethylaniline is oxidised in presenco of the 
thiosuljihale ; in No. 29757, a solution of nitroso- 
ibmethylaniline hydrochloiidi' is heated with 
dimethylamlmo and sodium thiosulphate. 

The )>rocess by wliieli methylene blue is now 
manufactured (Eng. Pat. 10214, 1888; 8221, 
1892 ; 1). K. I’P. 45829, 49985, 47274. See also 
Er. Pat. 122720, J72127, 181827U.H. Pat. 
270211, 292592, 2l>9t)29, 299940, 284480) is as 
follows: p-ummodimetliylaniljne (dimethyl-p- 
phenylene-<hamine) is mixed with sodium thio¬ 
sulphate and tJie mixture oxidised by potas¬ 
sium dichromatc to the thiosulphoiiic acid, thus— 

I +^2S20j( f 0 

-((IHa),N/'Y- 80 .H 


The comparatively small yield of tlie coloining 
mattiT (15-20 pc. of tin* p-phenylencdianunc 
taken), together with the (lilhcuUics attinfding 
the preparation of the matciuils rcfpurcd, pre¬ 
vented its mamitacture on tlic laige scale. 
Lauth’.s reaction, liowcvci, hcciiim' ol imliistiial 
im^iortaii'.e through Caro’s discovery of the 
method of manufacture of nitlosodimcthyl* 
aniline whereby it was leadily iios^-ililo to 
obtain dunciliyl-p-jihciiy’lcnediaimnc. Tliis 
compound, when trcatiul by Laiith’s reaction, 
gave rise to a incthylated L;uilh’s violet, winch 
dilTered from the parent sulislfinci' in hi'ing of a 
pure blue cotoiii’, and also in Ixung more easily ; 
obtained and in much larger quantity. The 
new colouring matter came into commerce 
under the name of Mdhylenc hliu.^ Its con- • 
stitution, together with its relation to l.iiutli's 
violet (thionine) was first established by Bcrnth- 
sen (Annalen, 1885, 230, 72). He show’od that 

^ Methylene blue appears on t-lio market under this ] 
name and also \^tb the fuiiuwiiiK marks: 29 (Badlsche 
Co.); 21i powder extra (Berlin Co.); BO cone, zinc salt ' 
(Ter Meer); 4BE (Poirrier). It Is manufactured In ; 
England by British Dyes, Ltd., and L. B. Holliday and ! 
Co., Hudderattold, by Claus and Oo., Ltd., Manchester, i 
ana by several tirins in America. 
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METHYLENE BLUE. 


Dimethylaniline is added and the indamine is 
formed by oxidation with dichromatc 

(CHjj^Nr^^SO.H 

I iNir. +<'.H5 -n(0H;,).+0, 

' so, - , 

. i . ;N(CH,), 

+2H,0 

\/\n/'v'' ; 

The indamine is n<»w bttiled vit.h dilute acid 
or zinc chloride soIuUf>n wlierchy Ihe colouring I 
matter is formed 
BO 3 

/fi ^ NiciL), 

(cii,),nQ^ ^ Q' < +iicH() 

A solution of p-aTninodiniothylauiUiic hy<lro- 
chloride (about 2.10 Hires), ^m-parod by convert¬ 
ing 0 kilos, of diniethyl.uiilme into nitroso- 
dimetliylaniline hydrochloride an<l reducing this 
with zinc-dust, is neutralised at ]H'^-20° witli 
sodium hydroxide solution unti) a faint turbidity 
is produced. 16 kilos, of aluminium sulphate 
arc now added, the mixture stiircfl for half an 
hour and then a concentrated solution of 
13 kilns, of sodium thiosuljiliate is (juieUly 
poured in, folhnved at once by .a solution of 
4‘8 kilos, of potassium dii-hronmte in 7b litres 
t)f water. In order to coinpletd* tlio formation 
of tlie thiosulphonic acid the mixiiiro is stirred 
for an hour. The whole is diluted to 600 litres 
and 0 kilos, of dimethylaniline hydrochloride aie 
added, l^or the jirejiaratifui of the indamine a 
saturated solution of 14 kilos, of potassium 
diohromate is now run in quveUly at a temiiera- 
ture of the whole being well stirred, 

7.1 kilos, of a solution of zinc chloride (sp. gr. 1 -.IH) 
added and the mixture heated for half an hour 
tr> 100®. On cooling the jireoipiiatod methylene 
blue is tiltered off and punfied by rcflissolving 
and preApitating with zinc cliloride. (The 
amount of potassium dichromatc added in the 
last Oficralion is siilHciout both to form tlio 
indamine and to oxidise the hmco-methyleno 
blue produced.) 

.By using methyletliylanilmp instead of 
dimethylaniline a much greener dyestuff is 
obtained (Methylene hhte, M.E. f’ain, 7th Int. 
Oong. App. Chem. London, 1009, sect. iv. B, 
9.1). 

(For the preparation of methylene blue on 
the laboratory scale, see Cain and Thorpe, 
iSynthotic Dyestuffs, 4th ed., 1018, 289 ; Mohlau 
and Bucherer, Farbenchoraisches Praktikuin, 
1008, 202.) . , , 

Methylene blue may be estimated by 
titrating a boiling solution with titanous chloride 
in a current of carbon dioxide (Kneoht, J.^Soc. 
Dyers and ColouristB, 1906, 21, 9). 

Concentrated sulphuric acid dissolves methyl¬ 
ene blue with a green colour. By reducing agents 


it is readily transformed into its leuco base, 
ietramnthyldiamnothiodiphenylamine 


(CH3),N, 




|N(CH3), 


I'his substance forms yellow needles, melting 
at J8.1® (Landauer and Weil, Ber. 1010, 43,198); 
it rapidly oxidises on exposure to moist air, 
and 1 .S transformed into methylene blue. 

Methylene blue is, with the exception of 
Victoria blue, the only basie blue colouring 
matter winch has any technical importance, 
and it is i>rcfeiahle to Victoria bine on account 
of its greater fastness to light. It resists the 
action of neutral soaj>s and dilute solutions of 
chloride of lime. It is largely used in cotton- 
yarn dyeing and in calieo-])nnting with tannin, 
or with tannin and tartar emetic mordants. It 
gives a greonish-hluo inclining to indigo, and is 
frequently shaded with methyl violet, malachite 
green, and other basic colouring matters. H 
has no special ajqilicatKms in silk or wool 
dyeing. For pure liluc cotton is mordaiiteil 
with aluminium acctati', aged, passed through a 
chalk bath, well W'aslied. passed through a 
weak tannin hath and dyed at a gradually 
increasing tomjierature. The colour is added in 
small portions Ui the dye-bath, which should not 
he warmer than 20^-25® at tlie beginning, and 
after some colour has been taken up it sliould 
he lieati-d very gradually to 70''-8U°, or Inghcr 
if reiiuitvil; a small amount, of acetic acid in 
the dye-bath acts favourably for level dyeing. 
lAir vi'iy dark indigo '^hadcs cotton, mordanted 
with lanmn and antimony, nuiy ho passed 
throiigli a weak solution of pyrolignite of iron ; 
or a hath of pyrolignite of iron (ti'" Tw.) may be 
substituted for tartar emetic; after the treat¬ 
ment with iron liquor the eolton sliould he inisscd 
through weak lime Avater and finally well 
waslied before dyeing (Knecht, Ilawson and 
Loewenthal, A Manual of Dyeing, 2nd ed., 1919, 
4,S4). For method of detection on dyed fabrics, 
i\ vol. ii. p. 592. 

M'dliylene blue is of considerable value as a 
staiiKiig iiiaternd in bacteriological and histo¬ 
logical losearch; r. Ehrlich, Centralh. Medic. 
WiHseiisch. ISH.1; Dresser, Zeitsch. Biol. 1885, 
41 ; A. B. Lee, 'I'lie Mierotoinist’s Vade-Mecum ; 
•f. W. 11. Eyre, Tlie Elements of Bacteriological 

(IVehnique. J. 0. (!. 

METHYLENE GREEN. A substance ob¬ 
tained by treating methylene blue with nitrous 
acul, or witli nitn<; acid in sulphuric or acetic 
acid Solution. It is a mono-nitro derivative of 
methyleni' blue. The louco compound forms 
brown needles melting at 14(i®-147°. It is 
applied to cotton in the same way as methylene 
blu<‘, and gives a full bluish-green shade. 

Liicralnre. —Eng. Fat. 8992, 1886 ; D. R. F. 
38979; Fr. Fat. 177331; Ber. I90C, 39, 1020; 
Z. Farhen. Ind. 1906, 5, 285 ; J. pr. Chem. 
1907, Lii.] 76, 401 ; Ber. 1910,43, 198. 

J C C 

METHYLENE VIOLET r. Safraninea] art. 
Azines. . 

METHYLETHYL ACETIC ACTD v. Valbkic 

ACIDS. 

METHYLETHYLALLOXAN v. Alloxan. 
METHYLETHYLBENZEHE v. Cumenes. 
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METHYLGLVCOSIDE v. CAKBOHrDBATES. 

METHYLGLYOXAE f. Ketokes. 

METHYLGRANATONINE v. Ketones. 

METHYL GREEN p. Tripuenyl methane 

COLOCRINa MATTERS. 

METHYLHEXYL ACETIC ACID. Nonoic 

ACID (?.».). 

METHYLHYDROXYBENZENE «. Phenol 

AND ITS HOMOLOOTIES. 

METHYLINDENE Indene. 

METHYLINDOLES v. Indoles. 

METHYLisoPROPYLACETIC ACID i . ( ap- 
ROIC ACIDS. 

METHYLmoPROPYLPROPIONIC ACID r. 

H EPTOIO ACIDS. 

METHYLMALIC ACID V. Malic acid. 

METHYLNAPHTHALENES, THEIR HOMO 
LOGUES and DERIVATIVES, a- and ^-mothyl- 
naphthalciiea occur in creosote oil (Solnil/.e, Jicr. 
1884, 17, 842, 1027), and, together will) n!i.|>htliii- 
loiio and di-, tri-, and totramcthylruiphlhalene, 
in crude ])etroIeum or ua]»htha ('raniniann, 
J>. 11. P. 95570, 1S07). Tin' sejiaration of these | 
substances from their homologues is ellected 
either by fractional Hiiljihonation oj- hy distilla- ! 
tion, and tiioir puntication by moans of jnenc i 
acid {I’ammann, Lc.; Wieheiliaus, ]^>ei. I8!ll. ' 
24, 3018; Wend*^, J. iir. (diem. 1H02, [ii.] 4(), ^ 
319). The pure methyln.iiibthalenea were placed | 
on the market in 1912 ((ies. f. Teerverwertung, 
m.b. H. Duisburg-Mtudench). a-Mi/hi/lnop//- 
ilialency colourless oil, b.p. 237°-24i° or 117“- 
12U'' under 12-13 mm., forms a jiicratc, oraiigc- 
yellowncodles.m.p. 141-142 usually given 
in the literature as lili‘^-ll7“ from Ciamician, 
Bor. 1878, 11, 272, whose compound w.as actually 
the picrateof^-methylnaiihlhalene). Sulphona- 
tion yields two iaomcnc ■^iif}ih<mic separ¬ 

able by means of tlnar barium salts (Wendt, /.<.). 
(Contrary to the statement ol iSehcrlcr (Ber. 1891, 
24, 3932) the nitration of a-methyliiaphtliah“ne 
in the cold results in the lovmation ot 
nUro/uiphtlialcnc, yellow needles, iii.p. 7T’^72'^', 
togcthe.i with a mixture of inpiul juoduets, 
b p. 173"' 179“ under 18 mui., winch has not been 
satisfactiji’ily scjiarated (I>esser aiul (Baser, 
Annalen, 1913, 492, 1). Further nitration does 
not yield a dinitio-deiivativc, but a irfiiilro- 
denvative, straw-yellow neodies, m.p. 180''-181® 
{ihid. ). ^k’Metki/l-a-iutpliih ylamivc, colourless 
noodles, m.p. 6P-52''', obtained by tlie reduction 
of the orresponding nitro-derivative, forms an 
rtccfyf-derivative, needles, m.p. 10(>°-107°, *a 
6 earo?/f-derivative, needles, m.p. 238“-239“, and 
condenses normally with chlorodmitrobenzene 
to form the dtHdrop/truyf-derivative, ycUow 
needles, m.p I7()°-I77®, with pieryl chlondo to 
form the fnadro/i/ic/iyf-derivative, scarlet-red 
prisms, m.p. 237®-238'^, and with phthalic anhy¬ 
dride to form 4'melhyl-a-vaiihtnyl'jjhthnliiniilc, 
colourless needles, m.p. 233“-234® (ibid.). The 
reduction of monoazo-dcrivatives of 4-motliyl-a- 
naphthylamine yields 4-md%M : 2-najiJithylni(‘ 
diamine.y colourless needles, m.p. 9l®-92®, 
together with dimelhyldina}>hlhazinc, golden- 
yellow needles, m.p. 305®~306®; the former 
compound condenses with phenanthraquinone 
to form the azinCf yellow neomes, m.p. 34i“-342® 
(ibid.). The azo dyes prepared from aminome- 
thylnaphthalenes (Akt-tJ., D. R. P. 15047 ; Kng. 
Pat. 7r>0, 1881) have no technical value. 1- 
Methyl-^-mphlhylainiMt needles, m.p. 61®, 


' obtained by heating l-methyl-6-naphthol with 
calcium chloride ammonia for 8 hours at 270®, 
i forms an occiyf-derivative, needles, m.p. 189® 

! (Fries and Hiibner, Ber. 1900, 39, 435). 

! 2-Iodo-l-m'€tkybinphth<ilcvey pearly leaflets, 
: m.p. 51*5®, obtained from the corresponding 
amine by the diazo-rcaction, is converted into 
' r;I-rfiwcf/M/b 2 : 2 '-dt/m 7 )/ii/iyf, colourless needles, 
m.p. 230®, liy heating with tiuely divided copper 
at 220®-200® (ISeholl and Tntseh, Monatsh. 1918, 
39, 231). P>y the action of phthalic anhydride 
andaliimimum chloride on a-mctliylnaphthalene, 
■i'-indhyl’a-iKiplithoyl-hfUzou' at'ni, m.p. 107°- 
109®, i.s furmeil winch, when rtxliiced with zinc 
and acetic acid, yields tlie lactone of whydjoxy- 
oj-4'-iii(lliyl-a-)i(tjihlfiyl-o-(oluu' acid, m.p. 103- 
Kir, but when rodiued with zinc-dust and 
smimm hydroxide, yields oj-4'-mcthyl-a-nap/ithyl- 
o-tohuc and, ni.p. 183°-184°; tho ammonium 
' salt of tiie laiter eompouinl on heating with 
sulphuric acid condenses to rt-mclhyl-X : 2- 
benzanihayiunovc, yellow needles, m.p. 170®- 
177°, and this undergoes oxidation and condensa¬ 
tion wlien licatcd with alkali, with formation 
of I : 2 : F : 'I'-dilx nziinfhraJlavoTie, orangc-red 
crystals, wiiicii dyes cotton yellow from an 
alkaline iiydro.sulpinte vat (Scholl and Tritsch, 
Monatsh. P.Hl, 32, 997). 1-Mcthyl-^-napbthyl 
uuune. its acetyl- or phtlialoyl-dcvivatives do 
not coiidensd with jihthahe anhydride (Scholl 
. and Tntseh, Moiialsh. 1912, 33, 397). Diazoti- 
' satioii of 4-methyl-a-na])htliylamine followed 
by the usual treatment yields 4-wicf/ii/f-a- 
naphlliol, colouiless needles, m.p. 84®-80®, 
which forms a bi.nzoyl-denvutivv, large prisms, 
nip. 81®-82® (Lesser and Glaser, l.r.). itedue- 
. tioa of dinaplitholmotliane witJi zme dust and 
' sodium hydroxide gives a 00 p.c yield of 
' l-rndhyl-^-naphlhol, white needles, m.p. 112®, 
which forms a hcnzoyl-diinvuUvo, needles, m.p. 
jll7®; clhyt ether, jilatcs, rn.p. 52® (Moisler, 
Lucius and Briiiiing, I). It. P. KiHoO, 1994); 
methyl ether, plates, m.p. 39®; aceb/^-derivativc, 
finsms, m.p. ()(i®; {\-broiiio-\-m.tthyl-^-impMhol, 
needles, m.p. 129® ; 3 : d-dibromo-\-mtthyl-^- 
miphthol, needles, m.p. 180® (Fries and Hiibner, 

l. C.). l-Methyl-^-iiaj)htlu>l does not couple 
with diaz<i-compoutids. Nitrous ucid converts 

, l-mcthyl-^-naplithol into 1 : 2-me.ihylnapklha‘ 
yninonilrole, colourless needles, m.j). 00°, which, 
wheu heated with acetic acid and ether, yields 
1: 2-nieihyhMphlha-flf-(jutnol, eolouikss plates, 

m. p. 89°; ii-bmnoA: 2-nicihylmiphthaquino- 
mirofe,needles,m.p.99°(dceoinp.); ()-6romo-J : 2- 
melhybmphtha-iff-yumol,yaWow jilates, m.p. 84°: 
d-broiHO - 3 - iiilro-l : 2-methylnuphtha • if) - (juinol, 
goldon-ycllovv plates, m.p. 15.5®, is reduced by 
sulphurou.s acid to ii-hronio-'i-nitro-i-tneikyt-p- 
uaphtkol, orange-ied needles, m.p. 103®, but 
reduction with zinc-dust ami hydrochloric acid 
yields d-broma-'d-amtwh 1 ‘■mHhiJl-^-nap1Uhol, 
colourless needles, in.p. 103®, W’bich forms a 
luonoaecti’/Lderivative, needles, m.p. 183®, and a 
diaee/y(-derivative, needles, m.p. 240° (ibid.). 
By the use, alternately, of chlorine, sodium 
acetate and acetic acid, i-mcthyl-)3-naphthol is 
converted into 1:3: i trichloro-2-keto-hmelhyb 
tdrahydronaphthalcne, m.p. 78° ; 1: 3-dtc^k>ro- 
2-ketod-indhyldihy(Ironaphihalene, oil; 1:3:3: 
4 ‘lelrachloro - 2-kilo-I ‘methylietrahydronaphiha- 
kne, m.p. 124°-126° ; 1:3; 44ncAtnro-2-l:efo-l* 
mclhyldihydromphthulcnct m.p. 85®, and 1:3:3: 
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4: i.'j)mtachloro-2• kelo-i -melkyitetrahydronaph- 
Uuile7ie, m.p. 105® (Enes and Hoiupclnmnn, Her. | 
1908,41, 2614). I'ho reduction of 1: 3-djchloro- j 
2-keto-l-methyldihydronaphthal(5ne with elan* i 
nous chloride yields '6-ckloro-hinetkyl-^-mphlhol, 
needles scales, in.p. 00®, 1:3:4*tnchl()ro- 
2-keto-l-inothyldihydronaphthalene similarly 
yields 3 : i^’dichloro-l-mciliyl-^-mphlliol, needles, 
m.p. 132° (ihid.). When chlorine is passed into 
a solution of l-methyl-jS-naphtliol in slightly ‘ 
diluted acetic acid at 0°^ l-chloro-2-kdo-i‘ 
methyU^-naphllMl is ultimately obtained as a 
colourless oil {ihd.), whu-h, when saturated 
with chlorine and heated in a closed vessel on 
the water-bath for 5 hours, is converted into 
^•chloro-i-7niihyl-ji-napkihol, white needles, ni.j). 
lOr (Fries, Her. 1921,54, 2925). Tieaimcnl ol 
6-bromo-l : 2-methyl-naphtha-«/f-qmnol witli 
acetyl cldorido, followed by sajionitication, 
yields \-miO>ylA-chloro-[\-hf{Mfio-^-'iuiphl}n>ly 
w'liito lU'cdles, m.p. 179° [dnd,). I)ihydro-\- 
inolhyl‘fi-}uijiliihoi.yvWyw prisms, m.]). ]33°--134'', 
is formed by tlic oxidation of l-methyl-/J- 
naphthol with alkaline forricyamdo (Vumiiieror 
and Cherbuhez, Bor. 1914, 47, 2957) or with 
nitrous and (Fries and llubner, l.r.). 

^•McthyUinplithalm-^, monoclunc jjnsins, 
m.p. 32-5'’‘, b.]K 240^242° (kock. Her. JH94, 27, 
1247), forms a yju mie, needles, m.jK 115® (lSehul'/,c, 
/.<:.). bulphonation yields two isomeric 
nvids separable by means of their barium salts 
(Wendt, l.c.), and nitration yields \-in(ro-{i- 
meihyhmphlhalauy m.p. Hl°, b.p. 185'’-IH6° 
under 18 mm. whicli forms a vionobromo- 
derivative, needles, m.p. 94° (8cdmlze, Is.; 
Lesser and Aez61, Annalen, 1!»13, 492, 39). The 
reduction of {-nifro-ji-vicfhyUHiphthalenc with 
acid stannous (diloride yields A-c}doro-'2’ractl>yl-a‘ 
mphlhytaminc, colourless needles, m p. 65°; 
ace^i/^derivative, needles, m.]) 290°; baizoyl- 
denvativc, needles, m.p. 236'''~237° ; the chlori¬ 
nated base condenses with jihthalic anhvdrido 
to form 4-tJtloro-2-7ud!iyl-a-naphlhylphlhaltniidc, 
colourless needles, m.]). 171°, but it reacts 
additivcly with chlorodimtroboiizene ami picryl 
chlondc forming red needles, m p. 78®, and 
brownish-red needles, m.p. 119°, resjiectivcly ' 
(Lesser and Aezol, Is.). The reduction of 1- i 
uitro-)3-inethylnaphthaleno watli iron and a<-ctic 
acid yields ‘Z-mcfhyl-a-nnphIhylaitnvc, eolourless 
needles, m.p. 32°; ^icf^i/Z-denvative, needles, 
m.p. 188° j’fanzoi/l-derivative, jilates, in.}). 180° ; 
tihe base condenses with phtlialic anhydride to 
form 2-mcthyl-a-naphlhijlphthalitnidr, colourless 
needles, m.p. 233°-234°, but it reacts additivcly 
with elilorodinitrobenzene and puTyl chloride 
forming rod needles, m.p. !>3"-l»4°, and browmsh- 
rod needles, m.p. 129°-130°, respectively {ibid.). 
Reduction of an alcoliohe solution of l-iiitro-^9- 
methylnaphthalcne with tin and hydrochloric 
acid does fiot give the chloro-derivutivc but 
2-methyl-a-naphthyIaimnc, which on elilorina- 
tion yields a /d/acAioro-derivative of 2-i»e//(//^ 
tetrahydro-a-tuiphthaguimne, colourless prismatic 
cry8talB,m.p 118°; on reduction the latter jnelds 
i-chloro-2-methyl-a-naphtJtolt colourless needles, 
m.p. 104’5°; rtcetyLdcrivative, needles, m.p. 
87° ; 2-melhyl-a-naphiluiquivonf, yellow needles, 
m.p. 104°; 4:4'-dtaffiino-3: ^'•dtm€.tkyldinaph(hyl, 
colourless prisma, m.p. 213° (Fries and Lohmann, 
Her. 1921, .54, 2912). 2-Methyl-a'napfUholi 
colourless noodles, m.p 61°, is obtained from the 


corresponding amine by the diazo-reaction, the 
decomposition being o&ectod in an atmosphere 
of carbon dioxide, and 4 : 4'-dihydroxy-'i : 3'* 
dimethyl-l : I'-dinapklhyl, large plates, m,p. 
235° (docomp.), is formed as a by-product; the 
latter compound forms a dtocefyf-derivativc, 
jilates, m.]>. 235°-236°, and readily oxidises, as 
als<t does 2-methyl-a naphthol, to 2: 2'-dimethyl- 
J : 1 '-dinaphthone, metallic needles with a green 
reflex and carmine-red streak, decoinp. about 
250“ (L(‘sscr and Aez^l, Is.). 

Na]>iithy)alkyl ketones arc converted quanti- 
tativi'ly into the eorreK])onduig hydrocarbons 
by dijci-t hydrogenation at 180° in the presence 
of nickel (Durzen.s and Itost, (Jornpt. rend. 1908, 
146. 933), llius a- ami ^-ethylnaphthalencs from 

I lie corresponding acctyhiaphthalenes, and a- 
aiul ^-i8o!)nlyln,i]ilithalcnes from Uie corre- 
Hjiombng isobutyrylnajiiitluilciics. 

a-EihylnaphthaU'nc, iloes not set at —18°, 
b.p. 100° under 2 -3 nun (tbui.), foinisa puralc, 
yellow needles, ni.p. 9H" (Oarnelutli, Her. 1880, 
13, J672), and a nionofiulphoint ucnl (Fittig and 
Kemsen, Annalen, 1870, 155, 1J8). 

f^-I'Jtkyliiaphilialcnc, crystallises at —18°, 
b.p. 250°-25r (Marchotti, Gaz/.. U, 265, 439; 
Hiunel, Hit. 1884, 17, 1179), forms a ‘piciale, 
golden-yellow TIeedles, rn.p. 69° (Hninel), 71° 
(Marchetti), ami a vioni).\ul}>honic acid (ibid.). 

a-iiso-litili/lnaphihalcncy mobile liquid with 
ail odour ol petroleum, b.j). 130°-138“ under 

II mrn. (Darzeiis and Rost, ^.c.). 

l^-i.sii. Jiitiylnuphlhalcnc, mobile liquid with 
a iamt odour, b.p. 112° 113° under 0 mm. 
(ilnd.), 

\-AlhjI-fi-nfi'phthol. obtamed by heating 
/9-naphthol allyl ether at 210° until soluble m 
dilute sodium hydroxide, lorms colourless ])rj.sniK, 
m.p. 55°, b.p. J77°-i78° under 12 mm. ; bi nzoali, 
colourless crystals, m ]>. (*5° (I'laisen, 1). K. P. 
268(>99, 1912 ; Her. H)12, 45, 3157 ; C'laisen and 
ICisleb, Annalen, 1913, 401, 61). 

2-Allijl-a-iiaphthol, is not formed so leadiiy 
as its isomende, oil, b.ji. 171° under 12 mm.; 
p-mlrobenzoalc, needles, m.p. 99° (ihtd.). The 
reaction by which those derivativos of allyl- 
na[)hthalene arc foi rued is not ajqilicablo to 
other* ethers. 

Dlmethylnaphthalenes. 

i I 4-ihmrthyhi<iphthal( DC, obtained by the 
action of methyl iodide ami .sodium on 1:4-dibro- 
mouapbthalene (Mono, Her. 1880,13,1517), does 
»ot set at —18°, b.p. 2t'>2°-204° under 751 mm., 

! forms a pkraic, orange nccdle.s, m.p. 139° (Gio- 
! vannozzi, Gazz. 12, 147) or 141° ((Jannizzaro and 
i Andreoeci, Gazz. 26, 19), and a monosulphoiiic 
acid (Giovannozzi), Physical nudhods for the 
, sciiaration of tho dimethylnaphthalenes in the 
heavy-oil fraction of coal tar, b.p. 160°-265°, 

; are inajipheablA, but the sulphonatioii method 
, under varying conditions leads to tho isola- 
i tion of 1:6-, 2:6-, and 2: 7-dimothylnaph- 
thaleuCH. 

1 : V)-Dimeihylnaphthalene. The crude oil, 
i purified by alternate fractionation and agitation 
I with small quantities of cold sulphuric acid, is 
' stirred with 69 p.c. of its weight of 98 p.c. 
j sulphuric acid for 8-10 hours at ^°, The 
pasty mass of aulphonio acids which separates 
is mixed with a little water when a solid 
aulphonio acid is deposited. The latter is 
' crystallised from 33 p.c. sulphuric acid and 
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hydi'olyeed by eteam at 130®--i40° to 1: b-1 
dtviethylnaphthaknc, b.p. 2G2°-2()H®, which forms 1 
a picratf, orango-red noedlcs, m.p. 114® ; 1; G- | 
diinetkylnaphihakneA-sulphotw acid forms a j 
sodium salt, bimdlea of needJcB, 1 H^O, and an j 
amide, prismatic crystals, m.p. 185®; alkahiio 
fusion of the sulphonio acid yields 4: 1-dmeihyk 
a^naphthol, needles, m.p. 82® ; 2 : b-dimdhyl-a- 
uaphihaquinone, pungent smelling yellow needles, 
m.p 95® (Weissgerber and Kruber, Bor. 1919, 
52, 940). I 

2 : ii-Dimethyluaphthnlene. VVlien aulphona- j 
iioii is effected at 135°-140® and the in oduet i 
poured on to ice, a much loss solubh' Knljihonio 
acid separates and is crystulhscd from 20 p.c. 
sulphuric acid. Hy<lrolysis yields 2 : ii-dvnel/iyl' 
miplUhalcne, m.p. iU)"-lll®, b.j>. 201®-202®, 
which forms a piC7<{/r, orange-yellow needles, ^ 
m.p. 142®-143® {ibul .; Baeyerand Villigcr, Bcr. ' 
1899, 32, 2443). JSulphonation in the cold vields I 
the freely soluble 2 : ii-dimefhylnap/ilhuh i 
'iulphomc acid, Hat noodles and tablets. .Md- j 
■phonic. Monde, prisms, m.p. 10r>®-107®; anndc.,\ 
leallcts, m.j). 207°; alkaline fusion yields, 
3 : l-diiiuthyl-a-naphthol, needles, m.]). 105®--1 
106® {VVeiasgcrber and Kruber, ^.c.). .Sulphona* ' 
tion at 135”~140° yields 2: it-dimtiliylnaphliudrin 
l-sxUphonic acid; which is also formed by heating , 
the isoinoride with 78 p.c. sulphuric acid at i 
135°-14()®; wdtuifi .vid, glisteiung plates, 511.^0 ; . 
amide, noodles, m.p. 2(>5®-2<)0® ; alkaline fusion i 
yields ‘ii’.l-diincihyl-li-napktJtol, needles, in.ji. | 
173®-174® ; 2 ; ii-dimethyl-a-'iuipldhaqainnm , ' 

yellow needles, m.p- 130°-137®; Z ■dimethyl- 
^•naphthaquinone, ruby-red needles, m.p. 151®- 
152° (ibid.). 

2 :1 ■ Dime.ihyinapJdhalnic. After 1 ; 0-<lime- 
thylnaphthalone sulphonic acid has been re¬ 
moved from the cold sulpiionation mixture, tlie 
liquid sulphoiuo acids are heated to 150®-100° 
lor a few hours and hydrolysed. 'I'he mixture 
of solid and liquid hydrocarhons formed may ho 
sufficiently rich in the 2: (i-isomendc to allow 
it to be soparatinl by fractional crystallisation, 
but, if not, it is suljihonatcd at 135®-140® and 
tlie Solid 2 : O-diitH^thylnaphthalene sulphonii; 
a' id removed. 'I'ho r<;sidue is hydiolysed, the 
hydrocarbons sulphmiatiid with 98 p e. sirlpliunc 
acid for 2-3 hours at 40", and the pasty jiroduet 
after crystallisation from 2-3 parts of 30 p.e. 
sulphuric acid, is hydrolysed. 2 ■. 1-Jhmclhj/l- 
naphthakne, glistening leaflets, m.p. 90°-97®, 
b.p. 202°, forms a picrok, yellow needles. nvi>. 
J35®-138°; sulphonation at 100® yields 2:7- 
dimethylmphthalcnc-Z-sulphoiuc acid, pi'arly 
sword-like crystals ; needles; amide, 

needles, m.p 197®-198®; alkaline fusion yields 
3: (i-dimctkyl-^-naphthol, lanceolate crystals, 
m.]>. 171®-172°; Z:(^-dimdhyl-a-7uiq)hthaquiiioiir, 
yellow needles, m.p. 114®-115®*; 3 : ii-diinelhyl-^- 
naphthaquinone, brownish-red prisms, m.p. 
152®-153® (ibid.). 

2 : Z’Dimcthybuiphthakne, leaflets, m.p. ]04°- 
105®, b.p. 139°-140° under 15 mm., obtained by 
the hydrolysis of a sulphonic acid accidentally 
isolated from the liquid sulphonic acids 
accompanying 2:0-dimethylnaphthalene sul- 
phonic acid (Weissgerber, Ber. 1919, 52, 370), is 
identical with quuienc, obtained by the dry 
distiUation of guaiacum resin (Schroeter, Lich- 
tenstadt and Ironeu, Ber 1918, 51, 1587); 
picraic, m.p. 129*6®-130’6®. 


The coal tar fraction, o.p. 220®-290®, is 
often used as a solvent for other fractions, yet 
the only genuiuo oils which it contains are 
^•methylua])hlhttlene and 1 : <i-djmelhyh\aph- 
thalcuo, and it owes its fluidity to tlio cuormoua 
depression of the freezing ))oint mutually exerted 
by tlie ingredients. Naphthalene ftught well 
iiiid an outlet as an oil, tlicri'fore, if it were 
inotiiylatod. F. M. 11. 

METHYL ORANGE v. Azo- oolouiunq 

MA'ri’ER.S. 

_CH„ 

METHYL-b-TOLUIDINE 

Prepared by heeling a mixture or"e-t«iIuidiiic, 
methyl nieohol and liydroehlorie acid, or a 
mi.\li!ie of fi-toluidine, methyl alcohol and 
iodine. Js.p. 207''-20S®; upgr. 0*073 at 15®. 

METHYLPHENYL HYDRAZINE - HYDRA 
ZONES r. IlymiAZiNES aj^h Uydrazonbs. 

METHYLPSYCHOTRINE li-ECACtrAhHA. 

2-METHYLQUINOLlNE-QUlNALDINE 

Quinoline. 

METHYLRHODIN. 'I'rade name for methyl 

acetyl salicylate. 

METHYL VIOLET a. Tkiphenyl metkanb 

COLOUUINO MATTEHS. 

METOL. Trade' iianu' for nieihyl-p-amino- 
phenol sulphate. Used as a jihotographic de¬ 
veloper. ()l>1iimc<l by heating quinol with 
a<|ue(nisniethylanune undi'r pressure and pouring 
the pioduet into sulphuric acid {Merck, l). II. i’. 
2(>0234; (/. liargei, d. Amci. (’hem. Soc. 1919, 
41, 270). M.p. 250"-200® (decomp.). Soluble 
!*in 0 parts boiling water and 20 parts of water at 
25®. Gives an intense ])urplo coloration with 
inorcuiio acetate. 

I METOQUINONE. Trade name for a photo¬ 
graphic developer obtained by the action of 
methyl-p-aimuo)>henol sulphate (nietol) on 
hydnxpunono (qmnol). 

METRAMINE. Syn. for liexamotbylenete- 
tranimc. 

METTERNICH GREEN. A double salt of 
zinc chloride with the chlormelhyl-hexametliyl 
rosaniline hydrochloride. Known also as todine 
; <(rcen or night green. Obtained by the action 
of methyl iodide or chloride upon rosanilino 
(Hofmann ami Girard, Ber. 2, 442 ; Appenzeller, 

: ibid. (», 905). 

! MEXICAN BUCKEYE OIL. An oil extraeled 
I from the seeds ol IJwjnadio bpcciosa (Emil.), a 
' deciduous shrub belonging to the family Sapin- 
; duceoi, foum! in Texas, New Mexico, &c. Pale 
i yellow ; sp. gr. 0*912 at 15°; m.p. —12®. 
i iSaponiffcation value, 191-192; iodine value, 
j 81-82; Hehiier value, 94; iodine value of fatty 
I acids, 86-87 (ycliaedier Iffiariu. Zeit. 1889, 340). 

I .Similar values have been obtained by Choel and 
! Penfold from an Austrahan-growniplant (J. Soc. 

! (Jbem. Ind. 1919, 74 T.). 'J’hc seeds contain a 
cyunogenetie glucoside which majr militate 
1 against its use as a salad oil for which it is other* 

J wise suitable. 

1 MEZCALINE AND THE ALKALOIDS OF 
ANHALONIUM SPP.- ln Mexico Cactace®, 
belonging to thc' genus Arthalonium, notably 
A. Uioinii (Henmngs), are used in Indian 
rehgious ceremonies us narcotics, under the 
nanu' 'pcllote.’ The diied flowering heads of 
1 A. Lcmmi arc known as ‘ mcscai buttons,' and 
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contain (Hofftor, Ber. 1896, 29, 21()) mezcalinc 
0*3 p.c., anhalonidine 6’3 p.c., anhalonine 3 p.c., 
and lophopliorine 0'6 p.c. The coneiitution of 
most of these has been established by Spath 
(Monatsh. 1919, 40, 129 ; 1921, 42, 203), and as 
far as is known they may be divided into sub¬ 
stituted {frienylcthylaiuinca and totrahydroiso- 
quinolines, derived therefrom by condensation 
with aldehydes. They siip))ly an illustration of 
the way in whicli alkaloids may be derived from 
protein amiiioaenis. 

Anhaline occurs in A. 

(Engrlm.), and is identical with imrdenini*, (].i\ 

Mezcallne a syruj). the chief 

alkaloid of ‘ mcHcal buttons,’ js j3-3*4:5- 
trimetlioxypbcnylethylaminc and Jia.s been 
syntliOHised by Njiath. 

The oilier senes of bases are di*nvativcs of 
6:7: S-trihydroxyietraliydroisoqiunohTie. 

Anhalaniine m.pr 185-6', is the 

diimdhyl other of tlic above ; tlie position of the 
free phenolic group remains undetermined. Its 
methyl ether is readily synthe.siscd from mezea- 
linc and formaldeliyde. Anhalonidine and 
pcllotme seem to be formed m the ]dant by 
similar condensations with acetaldeliydc and 
both contain a methyl group in position 1. 
Both are optically inactive. 

Anhalonidine CjalluOaN, in p. I5i\ is the 
dimethyl other of l-meihyl-fi: 7 : H-trihydroxy* 
totrahydroisoquinoline. ami a honiologue of 
anhalamine. 

Pellotine 3i3H||9()3N, m.p. IIO". occurs in 
A. WiUtarnni (Lem.) ami in A. Lcinnu 
(Hennings), and is a still liiglicr homologm' i-oio 
taiiiing a methyl grouji attached to nitrogen. 
It is almost certainly a dimethyl ether of 1 : 2- 
dimethyl-(>: 7:8-trihydroxytetrahydroqiimoline. 
Complete metliylation of tlie last tw'o bases re¬ 
sults in the same quateinary iodide <tf a tn- 
methylothcr. Tho olhei alkaloids liom A. 
Lcwiuii have Ix'oii <l(‘.scribed by lleilter, but 
have nut been closely investigated by 8path. 
They both contain only one metlioxy grouji. 

Anhalonine CjsIlisC^N, needles, m.ii. 85°, is 
a secondary base. 

Lophophorine Ci^lTuO ,N, Ls a synq), yielding 
crystalline salts. These two alkaloids are doubt¬ 
less very closely related to the bettei known ones 
of the cyclic (second) grou]!. 

According to Dixon (Zeitsch. i’hysiol. 1899, 
25, 09 ; c/.„ also Mogilewa. Arch. expt. Path. 
Piiarin. 1903, 49,137), anhalomdiiie, anhalonine, 
•lophophorine, and mozeaUne exert quahtatividy 
the same physiological action, lojihophoriiic 
being the most powerful and mezcalinc the most 
active in producing colour visions. In man the 
alkaloids produce first excitement and then 
intoxication, re.serabling that caused by alcohol 
but accompanied by a number of subjective 
sensations inn^uding colour visions and a folding 
of dual existence. IVllotmc has occasionally been 
employed in medicine as a narcotic. Older papers 
on tho subject are by Lowin (Arch. expt. Path. 
Pharra. 1888, 24, 401; 1898, 34, 374), and by 
Hefftor (Bor. 1894, 27, 2976; 1896, 29, 216; 
1898,31. 1193). G. B. 

MIARGYRITE. Silver sulphantimordte 
AgSb8«, occurring as small, usually indistinct, 
monocfinic crystals. Those are black and 
opaque, with a metaHic lustre, but thin splinters 
U'ansrait a deep crimson colour; streak dark 


chenr-red; sp. gr. 6-2. Crystals were foimerly 
found at Braunsdorf, near Freiberg in Saxony, 
and compact masses of some size arc met with 
in the silver mines of Bolivia. L. J. S. 

! MICA (Cer. Glimmer). A name, applied to a 
i group of minerals characterised by the facility 
with wliioh they split into thin Jamince, which 
are flexible and more or le.ss elastic. It is now 
believed that all micas belong to the monoclinio 
system, but tlie crj'stals often afieet a hexagonal 
habit. 'I’lie perfect cleavage, on which the 
imcaeiious structure dcjiciids, is parallel to the 
basal jilarie. A similar structure is seen in the 
gi'ou]* of chloriti^s. but their laminfc, though 
flexible, are not elastic. The Imrdncss of the 
' micas IS between 2 and 3: wbiic their sp.gr. 
ranges from 2'7 to 3'1. 'Phe optu^al cbaractcia 
i and chemii-al comjiosition ar'*, subject to con- 
; suh rahle variation in difforcni species. Broadly 
speaking, tlu-re is a group of jiotash-micas, 
generally of juilc colour, and having the optic 
<ixea separated by wide angles ; and a group of 
1 magnesian, or fc'rro-magnesian, micas, usually 
! of dark colour, with the ojitie axes in some cases 
j so close that the imm-ml liecomcs apparpiitly 
! uniaxial. On sharjily sinking a plate of imea 
; witli a ncedleqxuut, a six-rayi'd star is produced 
[ {'pcrcussiun-Jig'im ); while jiressiirc W'ith a blunt 
1 instrument dcvehqis a similar figure {pressure- 
i jigvre), having each ray at nght angles to one in 
; the percussion-figure. 

! All the micas arc conijih x ailn\itcs, contain¬ 
ing alunnnium and ])ota.«suim, generally with 
iiiairnesium, but rarely with calcium. The jiotus- 
Slum IS frequently rephured in part by litlnum 
and sodium, while uoi. may be substituted for 
the magnesium and .lUnninium. Waleris always 
present, and many micas contain fluorine. The 
chemical conRlilutioii ol the gioup of micas has 
been diHcussed by Kainmolsberg (Min. C'hem.) 
and by 'J’sehermak (Zeitseli. Kryst. 1878, 2, 14; 
1879, 3, 122), and later by F. W. (Jlarke (Amer. 
Clu'in. .1. 1889, 38, 384; Bull. United States 
Gc‘ol. 8arvey, 1895, No. 125: 1914, No. 688). 
The following analysis will servo to illustrate the 
composition of the jirineipal sjieries:— 



1 . 

K. 

III. 

IV. 

8 IU 3 

45‘05 

50-98 

41-us 

3i)-;io 

ALO., . 

. 30-57 

27-80 

13-21 

16-05 

Fi'jO, . 

. 1*14 

— 

0-16 

0-48 

FcO . 

. 1*73 

0*06 

0-11 

8-46 

CaO 

. — 

— 

— 

0-82 

M^O . 

. 0-97 

— 

28-10 

21-89- 

KjO . 

. 10-23 

10-78 

8-78 

7-79 

Na.O . 

. 2-13 

— 

1-04 

0-49 

Li..b . 

. — 

5.88 

..—' 

— 

H‘() . 

. 0-19 

0-96 

3-10 

4-02 

F. 

. 1-26 

7-88 

3-07 

0-89 


99*27 

104-38 

101-77 

101-08 

Sp.gr, . 

. 2-80 

2 84 

2-80 
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, I, Muscovite from Haddam, Connecticut 
! (Schlaopfer, 1891). II, LepidoUte from Rozena, 
: Moravia (F. Berwerth quoted by G. Tschermak, 
I 1878; also PjDs 0*95). Ill, Phlogopito from 
I De Kalb, New York (S. L. Penneld, 1892; 
I also TiOa 0*38, BaO 2’08. IV, Biotite from 
j Vesuvius (F. Berwerth, 1877). 

I Muscotnte^ or potash-mica H 3 KAl,(Si 04 ) 3 , is 
I the common speoies widely distributed as a 
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constituent of granite, gneiss, and mica>8chist. 
It is usually white, grey, or yellow; and the 
angle of the optic axes may be as much as 70*. 
Some forms of muscovite have been mistahen 
for talc, as in the granitic rock of the Alps called 
protogine, and in certain so-called talc-schists. 
Serkite. is a silky talc-like mica, occurring in the 
schists of the Taunus. A rare variety of musco- 
vite containing (5 p.c. of baryta has been called ; 
oellacherite or baryta-mica. or chrome- ; 

mica, of a bright-green colour, ia a variety | 
containing about 4 p.c. of chromic oxide. 'Fhc ! 
paragonitc of St. Crottliard. closely related to 1 
muscovite, is a soda-mica H.^NaA 1 . 5 ?SiO^).i. j 
Lfpidolitc, or lithia-mica, uitli the u])proxi- 
matc formula Kfa[A](01l.lAliSiOj)^, is gene¬ 
rally of peach-hlossom colour, but flomctinios | 
grey or \vhit<“, with a. pearly lustre. It occurs ' 
m certain granites, cs})e(ially wilh nmicials 
containing tluonne, like topaz and lt>urmaline. 
ymali amounts of rubidium ami cicsium are 
sometimes present m lepidoUte. 'I’ho best- 
known locality for tlie typical kind is near 
Kozona in Moravia, whore it forms a beautiful j 
rock,, occasionally polished as an ornamental 
stone. During recent years lepulfdilc has been ! 
extensively min(!d at I’ala in (Jahfonna foi the ; 
supply of litJnum salts largely used in the ! 
manufacture of litlua-water. ZvmtvaldUe is a 
greyish lithia-beariiig mica, occurniig in the 
tin-mining districts of {Saxony, Jioliemia., and 
('ornwall. 

11, K,(iMgF)J_,Mg jAlfSiOj);, includes 
certain magnesian micas, usually ot icddish or 
bronze colour, occurring in erystnllinc limestone 
and in serpentine. The angle of the ojitic axes 
ranges from 0° to 17°. It is nolahlo that certain 
jihlogopites exhibit by transmitted iiglit lumi¬ 
nous stam, due to lln^ jnoscnce of multitudi's of 
includod aciciilar crystals dchnitidy orientated ; 
the best cxamjilcs of tins astcnatcil mica being 
yielded by some of the Lanrentian limestones of ; 
Danada. The iniea mined in Canada and 


I and from lopidomelane by having most of its 
iron in the condition of FeO, the average 
percentage of this oxide being 17*22. 

The vanadium-mica, or roscoelitc, occurring 
with gold ores in California and Colorado, con¬ 
tains as much as 28‘8;> p.c. VjOj. Mgroarikt or 
limc-mica, H 2 CaAl 4 Si 20 i 5 is sometimes placed 
in the mica group, though more usually it is 
classiliccl with the clintonites or ‘ brittle micas.’ 

The mica of commerce comes mostly from 
India, the United States, and Canada; the 
(lanadian being the brownish magnesian mica 
phlogopitc, knowm in the trade as ‘ amber.’ Large 
sheets of suthcient purity to be profitably worked 
arc of very limited occurrence ; they are usually 
found in veins of pegmatite or giant granit-e, 
wlicrc the constituents crystallise on a large 
si'ale, and are often associated with rare minerals 
such as betyl and coliimbite. In India the chief 
mic!v-niimm» oistncts are those of ilazaribigh 
in Henga! and of Neiloie in Madras; from the 
former the niica (muscovite) is usually of a pale 
ruby tint., and lioin the latter of a greenish 
shade. In the Inikurti mine, Nellore, ‘books’ 
of mica measuring 10 feet across the basal plane 
and u]) to l.'i foot aeroas the folia have been 
found llectangular shtets measuring 30x24 
nu'hes and free from flaws have frequently been 
obtained. A single mica crystal from North 
I ({aroliua has been known to weigh nearly 2000 
! ])ounds. Mica has been worked at Alsicad, in 
! N(“\v ll.impsliirc, wdiere sheets have been found 
; measuring 4 feet across. Mining for mica has 
.ilso been carried on in the Black Hills of 
South Dakota, in Virginia, and in New Mexico. 
Several mines have now lieen opened up in the 
Uluguru Mountains, in Tanganyika Territory. 

()f the various micas, inuacovite and phlogo- 
j>iie are the only «mes of commercial importance; 
and these, stiangely enough, often pass in 
t.radc under the name oi ‘ talc.’ Muscovite was 
formerly called ‘ Muscovy glass,’ in allusion to 
its use in Itussia as a sulistitute for window'- 


(’eylon for coniinercmi jiurposes is jifilogopiti*. 

BtoHlc includes a mini her of magnesian and 
ferro-magnesian micas, geiK-rally of dark coloui, 
and transparent only in thin lamina> Fre¬ 
quently occurring in six-sided jilaies, and iTaving 
a very small optic angle, Ihoy were formerly 
referred to the hc.xngomd sysieni. In thin 
sections they exhibit stioiig iileoehroism They 
are generally denser than inuHcovit<“, and liieir 
cleavage-lamina* arc less (‘lastie. .Biotite is oftori 
found, in association with muscovile, in granite, 
gneiss, and mica-schist, and the tw’o micas are 
sometimes closely intergrown. The biotitic 
micas also m.car in mica-syenite, mica-jiorphyiy, 
and trachyte ; w'hile sharjily devt'lopcd crystals 
are not uncommon m the ejected blocks of 
Monte Sorama. The Vcsuvianllark micas were 
termed by Breithaupt mavxcnc, and this name 
lias been reviverl by 'I’schcrmak for all the true 
biotites, while he uses the term anomile to dis- 


glass. At the present day it is employed as a 
, transparent fire-resisting medium in the doors 
oi stoves and furnaces, ami for lanip-shades and 
gas-covers. It is also used for the ilial-plaies 
of conipnsso.s, xvliilo in the East, especially in 
I India, it is applied to various ornamental pur¬ 
poses. Laintings on mica, executed by native 
' artists, arc well known to collectors. Sheets of 
j mica, used as a decorative materiai#have been 
found in the prehistoric mounds of the Mississippi 
Valley. 

Many other practical uses of mica might bo 
mentioned. Its most extensive application at 
the present day dcjicnds on the fact that it is a 
bad conductor of electricity. The smooth, 
flexible sheets are used in tiic construction of 
the armatures of dynamos and in other parts of 
electrical inacluncrj' and instrunnAls. Exten¬ 
sive use is also made for insulating purpose of a 
manufactured material known as mxcanik or 


tinguish a similar mica, differing only in optical micaniic. doth. This consists of scraps of mica 
characters, liuhdlanc, an opaque red mica from cemented by shellac on to doth or paper, 
certain volcanic roclw, is merely an altered The preparation of mica for the^ market is 
biotite, which has lost its elasticity. In hpido- very simple. The blocks of rough mica, having 
Tnelane, the aluminium of an ordinary biotite is been freed from associated minerals, or dressed, 
largely replaced by iron, and the mica becomes are^split into plates, which are then ‘ scribed,* 
black and is attracted by a powerful magnet. I or marked out into patlerns, and along this 
Heddle’s haughUmite of the Scottish granites, | scribing the minei-al is cut by means of shears, 
differs from biotite by containing less magnesium, i A good deal of refuse is necessarily produced. 




362 


MIOA. 


This mica-wasto is ground ami used as a! 
lubrioatmg agent, and as an al)8orbetit for iiitro- 
glycorin in the preparation of certain oxjdosives; 
it has also been employed in tlic ornaniontation 
of wall-papers, and to a limited extent as a sub- 
Btituto foj asbestos. ■ 

Jirfcrences. —1’. 11. Holland, 1’he Mica Do- | 
posits of India (Mem. Ocol. Sursrey, India, 1002,' 
34, JI-I2I). The Mining and ITejiaration of 
Mica for (Joniinereial Purposes (Hull. Irapenal, 
fiistltutc, lUO'l, li. 27H-2ld). , F. C’lrkel, Mica, its ' 
Occurroiiee, I'lxpJoitation, and Uses (Minos i 
Branch, Ottawa, llKir), 148 ]ip ; 2nd od. hy 
if. y. d(5Sehniid, IUI2,]mhl. IV;o. 118, 411 pp-with ; 
3il pis. and 22 imijis). (r. i*. Merrill, The Koii- 
inctallio Mmetals, 2nd od. JOiO. (i. W. C'ollea, 
Mica and tlie Mica Industry, PliiladelpJiia, IPUt). 
Mica. Imp. Mineral Kesonrees Bur, Bomlon, 
11)22. 1,. .1. S. 

MICHLER’S KETONE. Teliumetliyldiu- 
minolK'nxoplienono (ij.v.), aii. Kutones. 

MICROCIDIN. 'I'lio sodium snliof /:(-nnphtl]ol 
used as an antisopiie. 

MICROCLINE t;. 1 '’ei.si>ak. 

MICROCOSMIC SALT. /I j/rittowiiiiii soilui'iii 

h!/(h(Hjen pho-sphalc Hli4*KuHT<)^,4H„(), used 
as a flux ill h]o\vpi|>e tssts. 

MICROLITE. Pyio-taiitalate (andeoluinbate) 
of calcium (sodium, ttc ), u]»])Toximatiiig in 
compositum to IlUa.Titjt). KaF. I lte niineral , 
crystallises as regular uetahedi.i, often nniiuto! 
m size, hence the name. Tlii'y are yellow to | 
brown with a. resinous lustre, and transi>arent 
to opaque. JSp.gr. .^)'2 Ti (>, 11.51. 'J'lic mimua) 
IS not attacked hy hydiochlonc and, but is 
slowly decoinjiosed by siilphuiic and. It is of 
rare occniTcnco m granitic ami Bycnitic )»egma- 
titoB, and has be(‘ii found at Uliesterlicid in 
Massachusetts, in Ibe mica mmea at Amelia 
t'Ourt House in Virginia (here as good eiystals 
an inch ueroas and as lougli erv.stnls u)) to 4 lbs 
in weight), Ulo m SwiMhui, .lulianeliaah district 
in South (iroenland, Elba, Madagascar, and 
Western Australia. L..). S. 

MICROSOL. Tnulc name lor an antisejitic 
iniido by mixing a .solutitm of erud<‘ su]])hii]4ieno- 
lie acid With copper carbonate. 

MIDDLETONITE V. Resins. 

MIEMITE. A dolomite ot aii asjiaragus- 
green colour loiind m Tuscany, r. Dolomite. 
MIERSITE V. JoDYiuTE. 

MIGRALGINE. 'l iadc name for a mixture 
of autipyniie 88 p.uts, eallcinc P parts, ami 
salicylic acid 3 jiarts, fused together. 

MIGROL. A eompound of pyioeaU'clnn 
and pyramidone. 

MIKADO ORANGE, -YELLOW r. Aeo- 

(.’OLOCKINO MATTERS 

MILK. Milk is the term usually restricted 
to the liquid secreted by the mammary glamls 
of the class*of animals called mammnlia. f('r- 


tho most important; fresh green grass contains 
most and gives the highest coloured milk-fat 
(Palmer ami EckJes, J. Biol. (Jhem. 1914, 17, 
191). 'I'lio white colour of milk is jirohabiy due 
to the peptisation of calcium phosphate by col¬ 
loids. Miilt IS homogeneous and opaque, the 
opacity being due to particles of fat (milk 
globules) ami t<> casein, the characteristic 
protein «)f milk, which in combination with 
lime and ealiiiim phosphate exists in pseudo 
solution. Wlicn ficsii it has a characteristic 
aroma. Immediately alter drawing, it has m 
adtiition a faint odour of an exhalation from the 
.skin wiiu'li (hsaiijieai's on exjxiHurc to the 
atmos])ln‘re 'J’lte spgi. ot milk m general 
vanes between 1 OJS and D045 (Scherer); that 
ot human milk aveiages 1‘032 (Simon), l'032t!7 
^ (1'025()1-1'04()48) (Vernois and Becquerel), 
;j-03]3 (J-0353-1 •()2(>U) (Leeds, C^iem. News, 
50, 203); that ot cow's milk vanes between 1 '029 
ami J-033 (Bonehaidat ami Quevenne). The 
a\ef<ige of J'lnghsli cows’ milk is D0322 (Vietli), 

I oj Uermuii cows 1’031 (I'lcisciimann). 'J'hc s}). 
gi. of freshly drawn milk gj.idually increases on 
i standing, due probably to some (Iningc ui the 
pliysicjil .state of the fut (c. tiift<i) 

TJie specilic heat ol milk is 0 90, varying 
sliglitly according to the percciilngc of fat 
(Riehmoiui) and 0 9457 (Fleisclimunn, J. Jiaiidw. 
1902,50,33). ami it attains its maximum density 
Itetwiscn 0"' Hint (Fleisclimann, L. V. IS.* 17, 
251). The rolrueltve imii'x of cow's imlk W'as 
found by \’alentin (Plk Aicli. 1679,78) to average 
1 35 witli Abbe's rcfractonu-tci. 'I'he reliactive 
index ol liuinun milk vanes fioin 1-3475 to 
1-3491, maxiiiuim 1-3518. Joigeiissen (L. •!. 
J I, 099) tound Uic refiai iivc index ot 23 samples 
of milk to vary from I 347 to 1-3515; on the 
other hand, 2t) .■samples of whey gave indices 
varying fioin 1-3405 to 1-3433. 

'I'lio tieczmg-point of milk is — 0-54'^ to —0-68^ 
nn^an —0-554'" (Beckmann, Milch, l^eit. 23, 702 ; 
Lajoux, J. Pharm. Chiiu. 1905, 577), —0*550® 
to —0-574° (llambuiger, Itee. trav. chim. 1890, 
34f)); - 0-55° to —0-57° (Winter, Uompt. rend. 
1895, 121, 090); ~ 0-55° to -0-59° ((’arhnfanti, 
(Jazz. chim. ital. 1897, 400); —0-55° ±0-03" 
(Atkiiis, t'hem. News, 1908, 97, 241); —0*545° 
to —0-505° (average -0-550°) (Alaclaunn); 
—0-529° to - 9 577° (Lcatlicr). In the case of 
a milk fic(‘zing at - 0-555, the addition of 5 p.c. 
ami 10 }L 0 . of water raised the frccziiig-pomt to 
-• U-519°iiml ' ()-490°respectively. Theavorage 
freezing-point ot 141 saiujilcs of genuine milk was 
i found by Monicr-Williaius to be —0’534° ±0-002° 
! (corr.)—the values ranging from —0-558° to 
I - 0 514° (coir.). 

The viscosity of milk depends upon the tein- 
)»ciaturo, but the diminution in viscosity w'ith 
rise of tcmjierat\iro is much more rapid in milk 
than in water. For the electrical conductivity 


tain socTCtiona, however, which are produced 
by birds and by some species of ])lant.8 moio or 
less resemble ordinary mdk in ihcir general 
physical and chemical characters. 

Milk is generally white in colour, with a 
faint yellow or bluish tiugo. The yellow colour 
is due ]>artly to lactocliromo (probably idciifical 
with urochroine) and partly to the milk,-fat 
which contains yellow pigments accompanying 
chlorophyll in all green plants; of these, 
Eanthophyll, and more especially carotin arc 


ot milk V. Coate and Shelbonrn, Analyst, 1919, 
158. 

The reaction w'ith litmus vanes according 
to the species. Human mitlv is normally alka¬ 
line, whilst that of the carnivora is generally 
acid. Cow’s milk, in common with all liquids 
Containing both neutral and acid phosphate, 
in solution, is amphoteric—t.e. it -will ex¬ 
hibit both acid and alkaline reactions. It is 

* L. V. 8. * Landwirthschaftliche Venmehs-Sta- 
tluacu. 
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alkaline to methyl orange, amphoteric towards 
litmus and acid to phenolphthalein With the 
recognition of the facts that litmus is an acid 
of appreciable strongtii, and that tho change of 
colour is duo to a setting up of equilibrium 
between the bases combined with the phosphoric 
acid and litmus respectively, tho amphoteric 
reaction of milk is simply explained. All milks 
are acid to phenolphthalein, the average degree 
of acidity of cow's milk being about equal to 20 
c.o. of normal acid per litre; the exact degree 
varies slightly according to the amount of 
phenolphthalein U8(*d, and tho temperature. 
Tho original acidity of milk is duo to the free 
casein it coiilaius. Wlien lactic feiuicntation 
sots in tho increase m the acidity is due, m the 
first jilaco to liberation of casein from cuhium 
casemate and to conversion of dicalciuin ]>hoH- 
phato into the nionocaliaum saltr; it is only aftci 
acting on these salts that the lactic ncid affectH 
methyl orange (liordas and Tou[»lain, ('oniiil 
rend. 1911, 152, 1274-; rf. van Slyke and Ikilo r, 
J. Biol Chem. 1019, 40, 245). 

Abnormally, milk may be bluish-while, deep- 
yellow, brown, }imkiah-re(i, blue, or black in 
colour, w'atery, slimy, stringy, sandy, or hetero¬ 
geneous in consistency, ]mlrid or otherwise 
offensive in odour, and sjdty, sour, Itit.ler, or 
astringent in ta.ste. 

Tho liquid seoreled by the female imme¬ 
diately bcfori' or after ]>arturitioTi is termed 
colostrum or beestings, an<l differs cnnsideralily 
from normal milk in bedh ]»hysical and ehemieal 
cliaraiders. 

Composidon. —'J’he ancients witg acquainted 
with only three of the constituents of milk, viz. 
fat, casein, and water. Bartoletus of Bologna 
(1019) discovered a fourth constituent, the 
‘ nitrum sen laetis,’ afterwards renamed by 
Testi (1098) zucchiro di lath' (sugar of milk). 
Gooffrey (1727) sej>arat«!(l the .voluble sails and 
identified sodium chloride among tJiem. Sdieele 
(1780) found caleiiim pho.sphate in the ash. 

.A.t the present time the following sub- 
stances are stated to bo normal (amstitiients 
fresh milk. 

(a) PrnleiiM : Casein, opalmin (Wroblewski, 
Zeitsch. physiol, ('hern. 1898, 208); abd the 
mueoid-protein of .Storeli (Analyst, 189'/, 148) ; 
albumin (lactalbumiii); globulin (Sebelien. 
Zeitsch. Chem.9,445 ; Hewlett,.). Ohysiol. 1892, 
12, 7S'8; Arthus, Aroli. Physiol. 1892, 072; 
Osbonio and Wakonian, J. Biol. Chem. 1948, 
23, 243). 

{h) hjjtraciive mailcrf^: Urea (Lefort, 
Compt. rend. 02, 190); creatinine (Weil, Ber. 
11, 2175); traces of lecithin, cholesterol (0-()l 
to 0*018 p.c.), and hyjioxantlune (Schmidt- 
Muhlboim, P. Arch. ,20, *279) 

(c) Organic acids: Lactjb acid (Marchand, 
J. Pharm. (ihim. [iv.] 29, 211; Hojipe-Seyler, 
Virch. Arch. 17, 443; Mamdti and .Musso, 
Zeitsch. (2icm. 10, 397), though it is doubtful if 
this exists in perfectly fresh milk ; citric acid 
(Henkel and Soxhlot, Bicd. Zentr. 17, 787); 
acetic acid (B6champ, Compt. rend. 76, 830); 
orotic acid (Bisoaro and Belloin, Mon. 8cient. 
fiv.] 19; i. 384; and Ann. Soc. Chiin. Milaim, 
11,1905). 

{d) Carbohydrates: Sugar of milk, and 
a second carbohydrate discovered by Ritthauson 
(J. pr. Chem. [i.] 57,348). 


(e) Other organic bodies: Alcohol (B6- 
champ, Compt. rend. 70, 820); lactoehroinc, an 
organic colouring matter (Blyth, Chem. Soc. 
Trans. 1879, 521); and a bitter principle. 

(/) Inorganic acids [in cowbinu' 
fion): Phosphoric, hydrochloric^ sulphuric 
(Musso and Schmidt, Bied. Zentr. 1179, 806): 
thiooyanic (Musso); but its proaenoe is accidental 
from mustard oil in food (Stocekhii and Croclic- 
tello, (hmpt. ivnd. 1910, 150, 1520). 

Enzymes. —A proteoclaHtic enzyme (Babcock 
and KiisseJl, 14th Ann. Report-, Wisconsin, Kxp. 
Stat. 1897); an oxydase, a catalase (Loew, Zeil. 
Bud. 1902, 250 ; Wi'iider, Chem. Zentr. 1902, i. 
592), a reductase (Seliardinger, Zeitsch. Nahr. 
(h'tiussm. 1902, 1112 ; R-eiss, Chi'in. Zentr. 1905, 
i. 004). and a Kinase (Honganly, Bull. acad. 
! Roy. Belg. 1900, 888). Wohlgemuth and Stricli 
(SitzuncsluT. K. Akad. Wisa. Berlin, 1910, 520) 
stiiie tliat eaVbohydrate and fat-R])Utting cn- 
zynii-N Hie ])reaent, also oxydase, rciductaso and 
calalasi!, l)ut show' that jiroteoclastic enzyme is 
I due to luietena : there is a glycyllryptophan 
enzyme. Tromsdorff ((Vut-r. Baki. Par. 1909, 

I, 291) iimls uo letluctase in quite fresh sterile 
milk. Bonlas and 'I'ouplain ((’ompt. rend. 1909, 
1057) reject tlie enzyim' naliire of peroxydasc, 
and state that th(‘ reactions are <Ui(5 to casein. 

{g) Basis: Potasli, soda, lime, ferric oxide, 
magnesia, antmonia (LatKchonberger, J. 14, 222). 

(//) dascs {in solvlioii): (!arbon dioxide, 

I oxygen, nitrogen. 

i The carbon dioxide content varies over a 
wide range : n normal value is about 10 p.c. by 
volume. ITobably t-he carbon dioxide of milk 
is pi'csentas a mi.xlure of J part of carbonic acid 
to 2 of sodium bicaihonaie (Van Slykc and Balo-r, 

J. Biol. Chem. 1919, 40, 225). The carbon 
dioxide content of milk miuht afford a means 
of distinguishing heated from normal milk. 

MuroM-opic r/juror/cr';.—Viewed under the 
microscope fiesh milk apf)eais ns a clear colour¬ 
less lM[Uid in wliieh me suspended—(o) milk 
ulobules and more rarely (b) granular bodies, tho 
so-eallcd eolostruni I'orjmseles, Ileidenhain 
(Handb. der Phys ) states that tho fallowing 
inorpliologivnl striictiires liavo been observed 
in liuman anil to a less I'xtent in cow’s milk :— 

(1) Semiglobular fat drops with a finely 
granular substance. 

(2) (.2ear eidls containing one or tw'o fat drops 

and an eccent ric nucleus. • 

(2) Round clear bodies easily coloured by 
ousiii and picrocarmino, sujijioscd to be free 
nuclei. 

(a) Tho milk globules may vary in diameter 
fioin O’Ol to t)'t)9ir> mm., but generally range 
from 0*005 to 0*0033 rnm. 

Aecording to Bohr (J. 1880,183) the diatiK'ter 
may vary from 0*0003 to 0*00014 inm. 

Under tin* higlicst powers of tfte mieroseopo 
they appear merely as more or less irregularly 
shajied globules of fat, without the faintest 
trace of a limiting membrane; nevertheless, 
all the earlier observers (Hcnlo, Miischerlich, 
Ixdimaim, Moieschott, &c.) believed in the exist¬ 
ence of an external envelope, principally be¬ 
cause ether, when shaken up with milk, will not 
d 4 HBoIve out the fat iinloss acetic acid or potash 
IS previously added. These substances were 
supposed to dissolve tho enveloping membrane 
of the globules and release the fat. This view 
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has been again advocated by Struve (J. pr. Chem. 
[ii.] 27, 249), who thinks the globules have a coat 
of insoluble casein; by Babcock (Milch.'Zeit. 
17, 809), who states they are covered with an 
envelope of milk-fibrin, and by B 6 champ (Compt. 
rend. 107,, 772). Storch {Analyst, 1897, 198) 
affirms the existence of a semi-gelatinous mem¬ 
brane ; but his conelu.sions have been adversely 
criticised by Richmond {Analyst, 1897, 207 ; 
1904, 183) and Wood {American Medicine, 1907, 
416). 

The weight of evidence appears to be 
against the existence of a solid membrane. 
Boxblet holds that the milk is a simjile 
emulsion of fat particles with casein, calcium 
l>hoflphate, &o., and that the addition of 
acetic acid or sodium carbonate deprives the 
casein of its emulsifying ])ower. He found 
that when a small quantity of other was added 
it also entered into an emulsion* with the fat 
and casein, c^c., and only separated out with 
extreme slowness. If a large excess of etlier or 
a mixture of ether and aleoliol is shaken up 
W'lth milk, the fat is completely extracted, 
without any previous addition of acid or alkali, 
whereas benzene and chloroform, which are 
equally good solvents foe fat, will not extract it 
from the globules even after the addition of 
potash. If acetic acid is added to tlio milk in 
quantity justsuincient tix'onvert’the, phosjiliates 
present into acid jihosphutes, but not to co¬ 
agulate the milk, the fat cannot be extracted 
with ether, H a current of (X)^ is then jiassed 
through the milk, eoiigulatioii onauos aii<l the 
fat can very readily be extracted with ether. 
The CO, cannot be 8 U[>})osed to be capable of 
dissolving any mcmlirane (L. V. S. 11), 1IH). Jf 
milk be dried in a vacuum over 112804 the fat 
can easily be extracteil from the residii<‘ with 
other, but if the residui* i.s rcdissolvc<l in water 
the solution resists the action of the ctlicr. 

Duclivux {('h(;m. liiol. (1117) finds that if the 
globules are kept warm wdiilc iimh'i the micio- 
seopo, they may be .squeezed out and broken by 
invfisingon the cover glass, and altered globulc.s 
only differing in size from the original <»nc 8 . 
Ibilieock (Milch.-Zeit. 15, 393) also found that if 
milk be boated to 100 ° and whijiped, the glo¬ 
bules are doubled in number lint jiresent the 
same microscopic outline as before. By passing 
milk through small oritices under great pressure 
(homogenising) the fat globules can be broken 
up into very minute particles. From the above 
facta it is certain that tlic only niombraiie is a 
liquid layer condensed round the globules by 
the surface tension. Refer also to iJe Sincly 
(Arch, do Thya. 1874, 479), Herer {J. 1871, 120), 
lloppe-Seylor (Arch. Path. Anat. 17, 417). The 
milk globules consist mainly (>f various fats, but 
analysis shows the presence of traces of choles¬ 
terol, lecithin^ and of a yellow colouring matU'r 
spectroscopically identical with lutein. 

{!») The colostrum cells or corpuscles occur 
very sparingly m normal milk, but abimdanlly 
in the colostrum. They consist of irregular 
conglomerations of very small fat vesicles em¬ 
bedded in a granular protoplasmic matrix ; oc¬ 
casionally one or more eccentric nuclei may be 
observed. They are about four or five times ^s 
large as the milk globules, the diameter varying 
from 0*014 to 0*055 mm. Hcidenhain {Handb. 
der Phys.) finds that if a drop of warm perfectly 


fresh milk be examined on a Streeter’s warm 
stage, and the temperature regulated to 38®C. 
amceboid movements of these cells can be ob¬ 
served resembling in all respects those of the 
white blood corpuscles, from which indeed 
; Heidenliain consiaers them to be derived by a 
process of infiltration with milk fat. 

The fat of these corpuscles is much more 
readily dissolved by ether than that of the milk 
gloliulcs. They are disintegrated by potash or 
acetic acid, iodme w'ater colours them intensely 
yellow’, hence they consist of very small glo- 
buh‘s of fnt I'mbeddcd in an albuminou.s sub¬ 
stance. 

Ahnouiud milk may contain hematin, 
biliary colouring matters, mucin, blood cor- 
jiusclos, pus, mucus, fibrous clots, and many 
varieties of fungi and liacteria. 

For a method of detecting abnonnal milk 
ih‘j>ending on the colour produc<>d on adding a 
drop of a saturated aqueous RolutJ<‘n of dibromo- 
o-cre.sol-Hiilphon-j)hthalein to 3 c.c. of milk, 
Aec Baker and Van 8lyke, J. Biol. Chem. 1919, 
49, 357 . On the addition of c.c. of the 
saturated aqueous solution of the <lyc to 3 c.c. 
of the milk a coloration is developed; greyish 
blue with normal milk, dark blue with a lower 
content of acid, and light green to yellow with 
a higher content. The higher content of acid 
may bo due to formution or addition of acids, 
acid salts, or formakhdiydc, or too groat a degree 
of pasteurisation. It the colour is bluish, the 
milk IS fiom an inflamed udder, or is walcied or 
dcqnivcd of cream, or alkali has been added (Do 
Vries, Analyst, lf)2(*. 4,50). 

Vh<mj(K in milk. —Milk commences to 
undergo cljangi' from the inoineiit it is drawn. 
If left exposcil to the air it veiy soon loses its 
dissolved (X)^ and takes up oxygen. Cow’s milk, 
in which the alKftimo reaction is said to be more 
ili.slmet whilst in the udder, soon shows the acid 
reaction markedly. Hn standing for a time a 
( luck yellowish-white .stratum, rich in fat, collects 
on tlio siiifiico (cream), whilst the lower iiortion 
becomes bluish-white, jioorei m fat, and increases 
in 8p.gr. Reckuagcl (Bicd. Zentr. 1884,10) finds 
that 2 or 3 hours after the milk has been drawn 
the sp.gr. commences to rise, the milk attaining 
its maximum density in 9 liohrs if the tempera¬ 
ture is kept down to 5°, but only after the lapse 
of 2 or 3 days at 15". This property he con¬ 
siders to be due to the swelling up of the casein 
suspended in the milk. Vieth (Milch.-Zeit. 18, 
141) found the average sp.gr. of 15 samples to be 
1*0290 half an honi after milking, and 1*0309 
10 liours later. 

This phenomenon is chiefly, if not wholly, 
due to the slow solidification of the fat globules ; 
fat in the liquid state has a density of 0*92, and 
when solid of 0 93*, and the experiments of H. H. 
and 8, 0. Richmond (Dairy Chemistry, 338 ; 
and Analyst, 1901, 117) prove that the fat melts 
at about 32°-34°, and the liquid globules slowly 
solidify if cooled below this temperature. 

If milk is cooled to 10° it acquires a viscous 
consistency winch increases rapidly as the tem¬ 
perature falls. Hoppe-Seylcr (rh. C. 723) states 
that on standing the quantity of albumin falls 
and that of casein increases. 

On boiling, tX)* is expelled, and it is stated 
that H 2 S is also given off (Schreiner, L. V. S. 22, 
60 ; Rcttger, Amer. J. Physiol. 1902, 450 ; Utz, 
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Milolu<ZMtv 1903, 354). Arnold (Bied. Zentr. 
1882, 131j statea that unboiled milk colours 
tincture of guaiaoum blue, but that boiled milk 
does not; potassium io^de and starch are 
rapidly turned blue by unboiled milk, but only 
slowlv by boiled milk. 

These reactions are due to the oxydase 
present in milk; there are, however, a large 
numl}er of other reagents, which, when added 
to frosh milk, gi vh on addition of a little hydrogen 
peroxide coloured oxidation products; among 
these may be mentioned paraphenyleno diamine 
(Dupuov, .T. Pharm. Chira. 1807, 397; Storch, 
Bied. Zentr. 1808, 711; Lcffmann, Analyst, 
1808, 85); motay)bonylcn(* diainmo (Richmond 
and Rosier, Analyst, 1000, 2.31); ortol (ortho 
methylamino phenol and n\niiol); Saul (Brit. 
Med. J. 1003, 004); benzidine (Wilkinson and 
Peters, Zeitseh. Nahr. Oenussin. 1008, 172); 
most phfitograiduc doveloj)er8 (Macadie, Phann. 
J. 10()7, 207 ; rf. also Siegfeld, Zeitseh. angew. 
f’hom. 1003, 704). 

As in all fairly alkaline li(iuid8, the alkaline 
reaction in cow's milk bocomes more evident 
while liut (Soxblct, J. pr. Pbem. [ii.] 0, 1), but 
reCfwors its previous inU'Jisity on cooling. 
Boiled milk also coagulates readdy, an<l 
is loss sensible to the action of fermentrS and 
baoilb (Riehot, rend. HK, 750). Very con- 

sidorahle chemical change must therefore have 
taken ydaee, but it is still not very clear what is 
the nature of tliia change. 

According to Grosser (Biochem. Zoitsch. 
1013, 48, 427) the milk from which the cream 
and colloids have been removed, js not a])preci- 
ably affected by boiling so far as regards its 
freezing-point, plios])horic acid and nitrogen 
content, whereas in liuman milk the phosphorus 
and nitrogen sink considerably on boiling. 

If heated over 00® milk acquires a slimy 
consistency, which has also been attributed t<i a 
change in the state of tlie susjiendc'd casein ; this 
slimiuess retards the subsequent separation of 
cream. 

By heating milk lo 100® (or even to lower 
temperatures) the rising of cream is hindered 
(Caz-oneuvo and Haddon, Bull. Soc. chim. 1805, 
13, 5(X); Richmond and Bosely, Analyst, 1807, 
95). ‘ • 

When milk is ovajiorated in a vacuum at the 
ordinary temperature, or at the ordinary pressure 
at a temperature of 50®, a skin gradq^illy forms 
on the surface and is renewed as often as is 
removed. This skin is due to the desiccation 
of the proteins by the surface evaporation, and 
to the concentration of the hydrogen ions. It 
was formerly thought to consi-st of albumin 
only (Hoppe Seylcr, Virch. Archr 17, 417), and 
the statement was made that, on boiling milk, 
the albumin separated out ^ but Sembritz.ki 
(Pogg. Ann. 37, 460) found that by continually 
removing the skin, be could obtain 1 *023 p.c. 
of the milk in that form. Since the albumin is 
not present in such quantity, it follows that 
some other body such as casein must enter into 
its composition. 

When milk is heated at from 130® to 150® 
it coagulates, the temperature varying with 
different samples of milk, depending on the 
composition of the salts of milk, casoinogon 
r^uiring a definite optimum calcium content 
for its maximum stability, being largely governed 


by the amounts of magnAsium, citrates, and 
phosphates present (Sommer and Hart, J. Biol. 
Chem. 1919, 40, 137) ; Cazeneuve and Haddon 
(Gompt. rend. 1895, 120, 1272) attribute this 
to the formation of formic acid by the action 
of heat on lactose; but Bardoch (Monatsh. 1897, 
109) shows that the formic acid produced is 
insufficient in quantity for this, and find that it 
is due to complex changes in the casein. 

On slowly freezing milk, the ice first formed 
contains a greater proportion of fat, hut the 
mother liquor eoiTtains more casein, milk-sugar, 
and salts, but if the freezing takes place quickly 
the fat is equally distributed (Kaiser and 
Sehraeidcr, Bied. Zentr. 1887, 267). 

For composition of ice fi>rme<l on freezing 
rnilk, r/. Victh, Analy.st, ISOI, 65; Bordas and 
fie Rafizkowski, Coinpt. rend. 1001, 133, 760; 
Richimuid, Analyst, 1803, 53. 

If, however, the milk is agitated, the milk-ico 
is richer than the mother liquor in slow freezing, 
but more watery and poorer in both solids and 
fat when quickly frozen (Henzold, Mileh.-Zeit, 
15,461). 

Sonrinn of milk. —Under certain circum- 
Htances, the homogeneous structure of milk 
undergoes a change, and a curd is thrown down 
in the form of a flocoulcift or compact precipitate. 
This change is termed curdling or coagulation, 
and is caused by the development of lactic acid 
by the action of micro-organisms, e.g. the 
]i. aridi lar.lici, which are constantly present in 
milk, even when drawn from the udder (Hueppe, 
Bied. Zentr. 85, 408), and precipitation of the 
casein. 

Spontaneous coagulation is characterised by 
till' gradual souring and thickening of the milk; 
it takes place more, readily w'hen the tempera¬ 
ture is raised, and when the atmosphere is 
charged with e-Iectrieity. 

Soxhlet fouiul fresh milk to eiiagulate in 10 
hours at 30® ; in 20 hours at 25® ; in 48 hours 
at 20®; in 63 Jiours at 17'5®; in 88 hours at 
15®; in 00 hours at 10®; and ho kept milk for 
14 days without much change in taste at l®-2®. 

Though the natuiii of the organisms varies 
the amount of acid produced in a given time at 
any temperatun' is fairly constant (cf. Thorner, 
(Iicm. Ziet. 1801, 1108; Van Slyke and Hart, 
Amer. Ghcm. J. 1004, 145). Richmond and 
Miller (Analyst, 1007, 144) have plotted out a 
curve showing ih(“ relation of acidity and time 
at 20®, and state that at other temperatures tlic 
form of the curve rcinains the same, but the 
time taken to reach a given point increases (or 
decreases) 2-075 times for each 10® above or 
below 20®. The curve is logarithmic up to 45® 
acidity, at which pomt a break occurs; this 
ajipears to bo due to this being the ]»oint at 
which the niK^ro-organisms do not inciease 
(Hevis and Payne, .1. Hygiene, 10(46, 210); from 
this point the development of acidity is expressed 
by another parabolic curve. Itevis and Payne 
(i.c.) conclude that as milk turns sour, calcium 
phosphate is sjilit off from the casein complex, 
and when curdling takes place practically all 
the calcium phosphate is removed. 

Though the lactic fermentation is the most 
common in milk, other sabstances are produced 
by the aetion of micio-organiams; both d- and 
Mactic acids are produced, and acetic, propionic, 
and butyric acids may be formed {cf, Kozai, 
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Bied. Zentr. 1903»‘273 ; Tissier and Gaetling, 
Ann. Inst. Pasteur, 1903, 640; v. Froudenreich 
and Jensen, Centr. Bakt. Par. 1900,529; Tliorpe, 
C'hem. See. Trans. 1905, 200; Jlichmoiid and 
Miller, Analyst, 1900, 317 ; Boyerinuk, I* 4 >e. K. 
Akad. Wcteusch. ArasU'rdam, 1907, 17), and 
succinic a(vd, together witli .aniinonia and tri- 
inothylarninc bus been foutid in tvo cases by 
Kozai {l.c.). Alcoliol in Hinall quantities is 
almost always jueHoni ni sour milk, and usually 

S roteolysiH occurs {cf. Kozai, and Itichniond and 
filler, l.c.; Pennington, J. Piol. (.’Iieni. 190S, 
353). 

Tliesmall quantity of citric acid fu eserilin nidk 
is converted into acetic ucid and carbon dinxide 
by llic action ol li-laciis ocroijrnc/', 2 inolcculi's 
of acclic acid being formed for every molecule 
of eitrio arid present. Tlio gi-ciiter niimlicr of 
the niuTo-organisms in<‘t witli in milk nOect the 
nitrngcnouH constituentH. Most of tliem cause 
a decrease in the amount ol easeiii; Avitli some 
tliori' is an inenaise in the alhuinin ; with ollieis 
a decrease in the aJhiimin and httk; or no de¬ 
crease in the casein ((Sujiplee, Kiill. Agne. lutell. 
1918,9,990). 

Wiien milk is boiled for some tinu*, of 
tlie organisms contained in it aic dcstroyi'd, and 
spontaneous coagulatiorf cannot occur unless it 
is again impregriatod by contact with the air. 
A toinjiil’al.ure of 100° is, however. insuHu 
to destroy all the organisms ]iiescut in milk 
Diiclaux (L(' Lait, Jhiris, 1887) kept milk un¬ 
changed for 5 yi^ars by roinovmg all the* air 
from the vessel, ami sulisequently by heating to 
120° for some time. 

Spontaneous coagulation is retarded by tlie 
aiidition of antisejitics, whiidi Inhibit the action 
of the bacilli themselves, and al.^fo by alkaline 
substances wlueli merely neutralise the acid 
formed by their actum. As antiseiitie.s the 
following substances are sometimes uddial to 
milk, VIZ. hone .leid, salieylie aeul, tonn.ilde- 
liyde, liydrogen jieroxide, heii/oales. iVc. (J^’or 
a quantitative study of the aetioii ol preseiva- 
iives, cf. Uudimond and Miller, Auulyst, 1907, 
144 ) 

Wiien milk is pasteurised at a temj>erature of 
02'8°U. (145°F.) for 30 minutes, it does not 
undergo any appreciable cliemieal change. 'I’lic 
quantities of phosphoric a<‘id, calcium, and 
magnesium in milk iiaslourised at (i83°(l. 
{lf)5°F.) arc practically the same as in raw 
milk. The fflburnin is not coagulated at (i2'H°(k, 
hut at or>'0^’(!. (150'’F.) 5-75 p.c., and at 0H-3°O. 
!2'75 p.c., and at 71'1"C. (U>0°F.) 30'78 |) c. of 
the albumin is rendered insoluble. The time 
required for coagulating tlie casein by lemuu 
IS slightly less in milk pasteurised at lempera- 
tures up to 0r)°C. (149°P.) than it is in the ease 
of raw milk; at 7r)°(!:). (1(>7°F.) the tune is 
almost doubled. The acidity is slightly dimi¬ 
nished in pasteurised milk {Rujqi, U.S. Pept. 
Agrio, Bureau of Animal Ind. Bull. 100, April 22, 
1913, 1; J. Soo. Chem. Ind. 1913, 32, 880). 

Coagulation hg acids. —Most acids coagulate 
milk in the cold, more readily when heatcal. 
1 n.c. of acetic acid is required to precipitate 
milk fully at the ordinary temperature, but 
0*4 p.c. is sufficient at 35° and 0*2 p.c. at 
100°. Even carbonic acid will coagulate miik 
at an elevated temperature. Duclaus {Le Lait) 
found that on saturating milk in the cold 


with COg and heating it in a closed vessel at 
115°-120°, coagulation ensued. 

Many salts such as Nad, MgS 04 , &c., 
coagulate milk. Alcohol and acetone act in a 
similar manner. 

Coagulation hy rennet .—This is by far the 
most imjmrtant of all the methods of coagula¬ 
ting milk, and the phenomena merit the closest 
attention. Unfortunately the action is verj' 
conijilcx, and there still exists some divergence 
of opinion as to its nature. The old theory, 
that coagulation was in this case also preceded 
l>y the formation of lactic acid, licld by Simon, 
Liebig, Soxhlct, di e., is now entirely abandoned, 
and it IS geiK'rally admitted that the action of 
lennct <](‘pen(ls upon the specitic jirojierty of a 
chemical feimciit ](rcs('nt in it. This was lirst 
isolated by J)escliain]ts (Ding). Jioly. J. 3840, 
44.5), wlio termed it c // ym <>.'< i ti. Bainmarsten 
(Bull. Soc. chim. |ii | 22, 352) fully investigated 
the ju'fipcrtic's of this fcimciit. 11<‘ found that it 
do(‘9 not give- tlie xanllioprotcin reaction, is not 
precipitated l>y nitnc acid, alcohol, lodmc, 
tannin, nor by neutral acetate of lead, but it is 
precipitated In basic lead acetate. Jt is m>l 
coagulated at. KKr', but its efficiency is (!<■- 
stroyod. ft is soluble in water and glycerol ; 
the latter .solution is ])ic( i]iitalcd by alcoliol. 

Jlainiiiaisioii (-1. IMimni. ('him. 5,2('>7) further 
proved that it- couhl coagulate milk cvi-n in the 
a.bsenc(‘ of acids or ot milk sugar, ant) that tin* 
jirceqalaic obtained ditlcred in many impoitant 
paiiiculars from that thrown down by acids. 
Jlciiilz. showed that rennet could produce coagu¬ 
lation even in solutions rciidercti alkaline with 
sodium carbonate, provid-'d tlie temperature 
were raised to <>5° (rj. Bang, iSkand. Archiv. 
riiysiol. 1911, 25, 105; abstiactcd in d. Soc. 
Clicni. Ind. 1911. [i.] 820). 

9’lic fcimciit is niactivc in the cold, and 
when jiri'scnt m only very small quantity. 
Haiumarstcii lias pioved tiiat it cannot precipi* 
tate a solution of casein unless a Biiiall amount 
of ccrtajii soluble .salts is present; the salt may 
be pl)os])!iate or chloride or sul])bate, but it is 
essential to liavc it iii solution; calcium jilios- 
pliati' in suspension js entnely uhcIcsh. Small 
quantities of sodium pliospluite, potassium 
clilondr, the soluble barium, strontium, calcium, 
and niagiK'snim salts jiromote the action of the 
Icnnent. larger quantities have, however, an 
adverse mfliicnce. The great majority of the 
sodium, potassium, and ammonium salts in- 
vaTiublv retaidthe action ot reimet (c/. Mallanbi', 
,1. Bhysiol. 1912, 45, 345). 

Kallibiu'ton (ihul. 1899, 11, 448) and Kinger 
{iltid. 1891, 12, 11)4) have shown that the ferment 
Hjilits up the jU'olein, and the curd is precipitated 
owing to its insoluble lime salt. 

The prc.sence y{ alkalis and alkaline carbon¬ 
ates either delajs or oiilirely prevents coagula¬ 
tion. Small quantities of acids, on the other 
hand (except boric), hasten the action (A. 
Well/,cl, Arbeiten a. d. Kais. Gesumlheitamt, 
1902, 19, 120). 1 p.c. of lactic acid greatly 

accelerates coagulation (Engling, L. V. S. 31, 
391). 

1‘awlow and I’aiaHtchouk (Verb. d. Vers. 

, Nordicher Naturfor. u. Artze in Helsingfors, 
; 1902, 28) have put forward the view that as 
^ many ferments contain a rennet-liko body, 
reimet is not a special ferment at all, but that 
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the property of curdling milk is shared by all! 
j)roteoofa8tio enzymes. Sterile milk (acidity 
20-22) will not clot if treated with sterile rennet! 
in sterile vessels (Krcidl and Lenk, Biochem.' 
Zeitsch. 1911, 36, 357). i 

Co7istitution of milk .—(Chemists have hitherto 
been unable to agree with regard to the coti- 
atitutiou of milk. According to some it is a 
solution, according to otheis an etnulsion, and 
others consider it to bo a mere mixture. 

On filtering unlk through a porous cell, the 
folkiv^mg substances occur m the filtrate in i 
solution.— i 

The whole of tlie, milk sugar, albumin and j 
extractive matteis, soda, potash, hydrochloric j 
and citric acids (in comiunation), the greater j 
part of the magnesia, about one-tiurd the Jmu', ■ 
and one-half tlu‘ pliosjihonc aei<l juvsiMit m the ! 
imlk (Richmond, Anaivst, I'.IOI, liowevcr, ' 
found that the albumin was removed), 'J'he 
bulk of the milk soluls-vr/,. the fat, casein, j 
limti, and phosphoiic lu id tails to jmss thiough. I 

'I'hc question wlu'tlier the tat exists iii an! 
emulsified stale, or m luoij>hologieaHy dithr-] 
entiated tilructures lias alr<‘ady been notuaal ! 
(v ojiir vhurfK t( I'■). llio state of tlie ! 

iMSoin, lime, and phos[thoi ii; aeid, now claims i 
attention. | 

Hammarsten (.). I’liarm Cliim. 5, 2t'7) found : 
(hat j)eriectly pure casein is insoluble m water, ' 
and possessi's a strongly acid iharactcr It' 
dissolves III the plios])liiites and eurbonales ol 
the alkalis; in the latter case t'O^ is exjxOled. 
ft. also dissolves m a solution ol eauslic soda, ni 
lime water, and m Imryt-a vvatei. If the solution 
in lime water is neutralised with phosjihonc acid 
and lv<‘pt for som<* time at about 40°, it be¬ 
comes milk-w’hite in ajipe.iruiiee, behaves on 
filtration like natural milk, and is eoagulated by 
acids or rennet. Other solutions of casein were 
not atloetcd by remu-t, unless <‘ahs‘imi aiul 
phosphoric aeid or a lew' ol.lier suhstnm-cs were 

introduced. 

llammai-steu also observed that millv-caseiii 
prec]]>ltated by lennct constantly contained 
4-5 p.c of tncaleiurn pho.sphati', whilst that 
jirocipitated by acid.s eontainisj a lesser and 
moio variable peieeritage; the serum obtained 
from rennet also contained more prbtems 
than that obtained from otlier preeiialanis. 
li'roni the.so facts he coneludcil that caseni 
was held in Roliilion in milk by tlie neutral 
pliosphalcs of the alkalis, and that tJ!e casein 
thus dissolved was able to take up tlie inaoliiliie 
di- and tri-'alcMim phosphates ami enter with 
them into a turgid, higlily hydrated, and colloid 
condition which he consulerod the charai^teristie 
state of milk-caaein, both in his arlifieiul com- 
pound and in natural milk. 

Coagulation by acids is according to this 
theory due to the conve-smn of the neutral 
phosphates of the alkalis into acid phosphates, 
which are unable to hold the casein in solution, 
but at the same time the acids convert part of 
the insoluble di- and tri-calcium phosjihales, 
into the soluble mono-calcium salts. The milk- 
casein precipitated by acids is therefore poor in 
calcium phosphate. 

The addition of lime-water to milk which 
normally contains a quantity of insoluble 
dicalciura phosphate reaults in the precipitation 
pf more calcium phosphate, the insoluble 


phosphates under these conditions being a 
mixture of di- and tri-calcium phosphate; at 
the same time the acidity of the milk is reduced. 
When milk to be used lor feeding infants is 
treated witli lime-water and then ihiutcd with 
water to twice its original volume, or more, the 
soluble calcium and jihosphorus may Ue reduced 
to amounts less than those jircsciit in human 
milk (Boswoith and Bow'ditch, J. Biol. Chem. 
1917, 2S, 431). 

(.'oagulation by rennet is due, according to 
Haiuiuivistcn, to the deconi|) 08 ition (3 the milk- 
oasciri into tw'o proteins, one of which passes 
into ])erfect sohifion, whilst the other forms an 
insoUihle compound with tiiealchim ]ihos])hatc 
(cIk'Cso). ’J’hc ajiproxuuate constancy of tiic 
pi-rccntagc ol ealciiim phosjihatc in tlie coagulum, 
and 111 !' cxci'KH of jirotcins iii llu' scrum, arc thus 
accounti'd f<»r (r/’. llurns. .). Anal, and I’hvsiol. 
iM!l4, ISK). 

On hi'iiliiig milk with an oxahiti-, caleiuni 
oxalali' IS ]ii(‘cjpitiitc(l; Hiiondcs also easily 
])ic(‘]])i1otc till' calciiiiu (Arthus. Au h, IMiysiol. 
1893, Ii73 ; Ringer and Kammarsten, / r.). 

iMilk-i^ascin, according to Knglmg (L. V. B. 
31, 391), js rasciti-tnviili'ium pho.sjihatc. and is 
coiniilotcly drc<»mp(*8cd by acids, casi'iii being 
precipitated and iiioic Or less ot th<‘ calcium 
pliosjihato taken uj) into solution. Rennet 
again only iturtially decomposes the caHcin-tri- 
<:n.lciuni-]»hos)»lmtc. A jiortion of i!u‘ piotcin is 
detached and goes into jicrfect scfiution as and 
albuminate, and as soon as a certain quantity 
of this is formed its acid character detenmiies 
lb(^ ])rccipilation of tlic hulk ol tho casein and 
tricah-ium phoHpliati* as a /vastr salt (c-hecse). 

Hammarsten [I r ) has stiKlicd the properties 
of till- soluble portion, w'hudi he calls whey- 
[Udtein ; it has the jiroperties of an albiimose. 

Soldner (L. V'. S. 35, 351) made tho observa¬ 
tion that altJmiigh the reaction of milk is ampho¬ 
teric, the liases in the ash ol iniik are very 
largely m excess ot tlu5 acids, It seemeil to him 
d -prion iiitjirolmhlo that a strongly and body 
hk<‘ casein should exist in milk in combination 
W'ltli neutral inculeiuni jibospliat'C, and that a 
quantity ol base should he simultaneously 
jircsent with no and to neiilroJise it, and with¬ 
out. imparting a basic reaction to tho liquid, 
llammorsten {I c.) laid found that casein was 
soluble in lime-vvatn and Soldner found he 
eould obtain two comjiounds of casein and 
lime; one containing 2*30 ]).e. CaO reacts 
alkaline with litmus, but not witli pbenol- 
phthalein, and dissolves in w'ater to form an 
ojialeseent Hind which is not eoagiilatod by 
rennet. 'J'lie other compound containing 1*545 
jj.c. (.'uO, has u slight acid reaction; its solution 
in water forms after some time a milk-white fluid 
winch is cnagiilated by rennet. Hammarsten 
hud observed that pure casein contajns 0*847 p.u. 
of jiho.sjihorus, and Soldner has proved that a 
solution of jmre casein in lime-water leaves on 
Ignition a residue of (calcium pyrophosphate. 
Soldner therefore concltidcB that milk-casein 
is the vnMilvral(d cowpoitnd qjf casein and 
lm<- (1*55 ji.e. CaO), and that it does not enter 
into combination with, ncr bos any speoifio sol¬ 
vent power for the insoluble di- and tri-calciuzn 
i phosphates as such, those salts merely existing 
i in sitipensiov in the milk. 

Tlio power that free casein possesses of 
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diaeolring di* ond^fcri-calcium phosphateH is due at least 0 times the quantity required on 
to the aeid nature of free casein. Just as it boiling is necessary before a preoipitate is 
expels C 03 from oarbonatM,&c., like other acids, obtained, and nearly the whole of the calcium 
so it abstracts part of the base from tl»<MnHoIuhle and calcium phosphate is removed. At intcr- 
pbosphates, forming a solnlile hme-casein com- mediate temperatures the amount of acid is less, 
pound. and the removal of the inorganic eonatituenta 

According to Richmond (Analyst, IIHJO, 1 Hi ; proportioiuilely less. 

1901, 313 ; 11M)2, 241) tlie slate ni wliitdi casein 'I’heao facts show that casein exists in milk as 
exists in milk has been ehn iilatcd by the study a cr.njj)lcx <tf a sodiinn calcium salt combined 
ojU^O composition of the 8ul>stancc removed by with a molecular proportion of calcium phos- 
^ffl^tion tnrough a porous cell, and l>y the phale, and that the simple derivatives consist of 
action of acids and (J rennei.*^ a similar comjilex, and arc precipitated as acid 

There is little doubt- that casein is a sub- salts, the sodium being removed. The older 
stitutod ph(»Hphoric acid, and the amount- of view that ealeium phosjibate was entangled or 
base in eominnation with the substance si'jiarated loosely combined apjiears to be untenable. This 
by porous earthenware is equal to one. atom of couijilex fi>rming a solution resembling milk can 
Hodium and one of calcium, tngetlier with half a 1 k 5 artifieially jireparcd, and behaves towards 
molecule «)f tribasie calcium }ihosf)hat.e. The rennet m a manner similar to milk. Casein in 
minimum amount of acid necessary to curdle solution in alkalis is not curdled by rennet, but 
milk on boiling is 8‘3 (^c, normal liyilrochlone the molenih'is split uji, the h 3 'droly 8 i 8 proceeding 
or suljihiinc acids per litre, and slightly greater much furUier Ilian when rennet acts on the 
amounts of weaker acids ; tlii8 quantity is coini)b‘X which exists in milk. This indicates 
almost exactly eijual to that n-quired to combine that tiii5 final product of the action of rennet 
with the sodium, and the ])reeipit.ute contains on tin* casein as it ('xists in milk is determined 
ilie same amount fd calcium, and cak-ium pirns- by a simple derivative which forms an'insohible 
jdiate as the substance removt d by a porous acid salt. 

cell; the acidity of the serum is mon'over equal It is not. known in what state the albumin 
to that of the milk. Tlie behaviour ol Uvo aeids exists in the milk ; it is not coagulated by raising 
IS, howi'vcr, anomalous, very much larger the temperature to 70°, though it has been 
amounts of oxalu^ and phospliinic acids being shown by Faber (Analyst, 1881), 144) and Stewart 
required to curdle milk on boiling, the average (Biit.Med. J. (>20) that at this temperature 
quantities being 2H'5 e.e. N-oxabc aeid, and it is converted into u form which ia precipitated 
3r> e.e. N-plio.sphoric acid jier litre ; if we eon- by acids or magnesium sulphate, 
sider that oxalic acid nmioves calcium from milk It lias been stated fbat it i.s in combination 
ns insoluble calcium oxalate, and pbosjibonc witli tin.- casein, but the experiments of Rich- 
acid would form acid jihospbaies with ealemm mond (Analj’st, 1902, 240) appeal to negative 
l>ho8phat<% it appears that these two aeuls this view. 

break up the Hodium-calemm caHein-cnleium- Loeitlnns, which are comjiounds of choline, 
phosphate complex. glyceryl-jihosjdiorie aeid, and fatty aciils such as 

Tlie action of rennet, thougli ehiidly on the stearic, are found in milk, and arc probably ot 
prot-eiii portion of the comjib’X, ]m‘sciits many considcnible importance in mitrition. 3'hey 
analogies to that of acids i>u boiling : a )>oiii(>n of liiivc been studied l>v Ibn das and de Raezkowski 
the casein molecule is sjtbt off as ‘ whey pro- ^ (Oompt. rend. 15)02,134, 1.51)2 ; 135,302, and 354) 
tein,’ and the residue is also a substituted phos- who state that tlic greatest amount is found in 
phoric acid ; the projiortion of ealeium ami tfio first month ; they show that by removing 
(aUcium phosphate to organic pbos}>boriis m the 08 p.e. of tlu^ cream (59 p.c. of the lecithin is 
preeipitaled curd is the same- as that found in ; removc<l, and this is coutirmed by Glikin (Bio- 
t-ho substance separated by porous earthenware, ' eh<-tn. Zeitsch. 1909, 348). Jerking and 
and in the pre(upitate formed by the minimum Haongel give tho quantity as 0’0109-0'0833 p.c. 
quantity of acid on boiling; the sodium i.% (Biochem. Zcitsch. 1908, 348).* 
however, romovi'd, and the (lifTerenec lietwi'cn Citric add. Jlenkel (Bied. Zentr. 17, 787) 
the acidities of tho milk and the w’hey is almost found that on saturating the serum left after 
exactly c.c. N-acid p<'r litre. It appears , removing proteins, &e., wnth calcium salts, 
probable that tho actum of rennet is even more ’ ahd slowly evaporating, a crystalline deposit of 
analogous to that of tlio minimum quantity of • calcium citrate was formed. The amount of 
acid on heating, as tho amount of protein preei- ‘ citric aitid w’as estimated from this as 0*08-0’i2 
jiitato in the latter case is never quite equal to p.e.; lint tho quantity present is probably 
that <d tho casein, indicating that a portion ol considerably greater. 

the protein molecule is removed on boding;' Sbldncr (J.,. V. S. 3.7, 351) estimates it as 0*26 
further evideuco that this is tho case is shown p.c., and R-ichipond (Analyst, 1901, 316) as 
by the fact Jthat while mercury salts are very , (1-2(54 p.c. 

perfect prccqntants of the casein of milk, they . It evidently exists as a soluble salt, since the 
do not remove tho wdiolo of the casein from a sainequuntity separates out from whey and from 
solution that has been beated, a Irovo-rotatory serum (by coll filtration). The concretions in, 
substance which is preeijntated liy phoaphti- (amdensed milk consist of pure calcium citrate, 
tungstic acid remaining dissolved. Salts. These consist principally of phos- 

By heating milk alone, or by centrifuging, ; phates, chlorides, and citrates of the alkalis 
practically no cahuura or phosiihoric acid is and alkaline earths. Musso also found 0*0391- 
romoved without a corresponding amount of 1 0-0831 gram of sulphuric acid per litre. This 
organic phosphoric acid. c i would amount to 0-.558-l*19 p.c, of SOg in the 

The action of acids in the cold is different ■ ash. Musso also found ()-0021-0'0()46 gram 
from that on boiling; at ordinary temperatures Nn(5N(S per litre of milk. 
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The amount of ash in cow’s milk varies from 
0*65 to 0*85 p.c.; generally from 0*7 to 0*8 p.c. 

The ratio of ash : proteins : sugar is very con- ^ 
stantly 2:9:13 in cow’s milk, 1: 5:10 in human, > found: 
1 : 0 : 23 in mere’s milk (Vieth, Analyst, 13, 49). | 

The following are average analyses of milk-ash : 


The ash is almost always 8 p.c. of the solids 
not fat (Vieth, Analyst, 13, 63). 

Qaacs in Milk .—Pfliiger (Pafl. Arch. 2, 166) 


Percentage 
In milk 
0-1728 
0-0868 
0-1608 
0-0243 
O-(M)Or) 
0-1922 
0-114G 
0-0061 


K..0 . 

Na„0 . 

CaO . 

MgO . 

- 

}>,0, . 

('1 

SO, . 

(Flcischmann). 

More sul})huric acid is actually iouud ui tiu; 
jwh than that shown, but it is duo to tho oxida¬ 
tion of the sulphur in tho albuminoida ; only 
that dctemiined by Musso is taken into acoount. 


Peicontage 
in ash 
24-0 
11-0 
22-5 
2-6 
0-3 
26-5 
15-6 
1-0 


0 

0*1 

0-09 


COb 

(pumped out) 
7*6 
7*4 


OOa 

(cxpellod by 
phosphoric oeld) N 
0-00 0*7 

0-2 0*8 


also Hoppo-Seylcr (Virch. Arch. 17, 
j Solohenow (/cit. rat. Med. 1861, 285). 

1 Colostrum is, nmnediately after parturition, 
I a yellow or lirowmsh-yellow dirty-looking hquitl, 
j sluny, viscous, and often heterogeneous in 
I consistoncy. It has a peculiar smell, a stale 
salty taste, and generally a slight acid reaction, 
i It coagulates on boiling. The sp.gr. at 16® 
] vanes from J'040 to 1*080. 

'I’lie ])icsenco of colofstnim corjmscles is cha- 
' ractenstic (e. j\’u’roscopic cluiraclcrii). 

The. cliiiracter of c(4(»Htrum rapidly changes, 


th-d. det(*rniine(l bv Alusso is taken into accoiiiit. j . ,i » n i i nA i /oo i 


increase ol viaght by 

deducts 3-5 p.c. of the wiught of the ash for tins 
error. 

Soldnor has sliown (L. \. i*!. 3o, 351) lliat. 
ouuig to tlie excess ol base pie.sriit in nnlk-asli, 
the whole of the i)hosph<>iu.s iii tho casein is 
•'.xidised to ])hoHpli"rie acid, and apjicars in the 
ash as calcium iihosjiliab-. Kiom 25 to 40 )i.e. 
of the I’.Oj in the ash may be due to this source, 
'rhe Composition of thi’ ash tlieiefoie still re¬ 
quires revision. 

vSoldnor {svpin) has made an estimate of the 
amounts of salts as actually existing in tlic 
milk. Assuming tlie presence ol 0-25 ji c, citric 
acid, he calculates: 


1 'J'niicaftd'r 
1 i-.al\lliu 

sp cv 

Tot.il 

sohtK 

fat fastiii 

AIhu- 

mill 

Sugar 

Ash 

i Imiiic- 
! (liul-clj 

J OluH 

2r> 92 

2 a4 2-(>:> 

KiT.li 

2 00 

ri8 

' 19 liours 

1 iim 

21 22 

4 <j<>* 4 28 

9 22 

1-42 

1-55 

i 24 „ 

1 94-5 

ill 27 

4 7.''. 4 r.9 

0 2.') 

2 «:• 

! 02 

■IS ,, 

1 042 

14 H) 

4 21 2 2.V 

2-21 

2 80 

096 

1 7.i 

1 ( 1:55 

12 26 

4 08 2 22 

i 0.4 

4 to 

0 82 


Sodium cliloride 
Potassium clilondc 
Moiiopotassium phosjihat 
Dipotassiuni jihosphate 
Potassium citrate . 
Dimagiicsiuin phosphate 
Magnesium citrate . 

Dicalcium jiliospliaie 
'!'ri<-alcium [ihosphale 
(!alcium citrate 
Lime (in combination uith i asci 


0'962 
0-836 
J -156 
0-835 
0-4! >5 
0-336 
0 367 
0-671 
0-806 
2-13a 
11 ) 0-4()C 


('J. also V.Ludin (J. Pliarm. t^huu. 1894, 30, 
337), and Sutliorst (Cliem. News, 1902, 1) who 
states tliat what is called albumin by Ihiglmg 
contains a large projxirtiou of globulin; ho 
finds 5-32 p.c. of ibis on tlie first day, and 2*05 
p.c. on tho second. 

1'hc proteins in colostrum vary greatly. 
(Casein is always somewhat greater than in 
i normal milk ; aibuinin vanes from a little above 
i that of ordinary milk to ovei three times that 
i amount, (jlobulm ia always an essential con- 
I stitueiit. Kxtraetive N is a little higher than 
j la ordinary milk. Jangling {l.c. 90) states that 
i at first colostrum containa no milk sugar, but 
j mily carbohydrates, resembhng grape sugar. 
I Sebclieii and Sunde (Zeitscli. angow. Chom. 

: 19<i8, 2546) hnd tliat the sugar is chiefly lactose, 

I and suggest tho presence of 6'05 p.e. of arabmoso. 
I Tho colostrum fat dillers from ordinary butter 


T, 1 Zf.itRfh 1969 i 111 smell, taste, consistency, and melting-point. 

Kona and Michael s ^ oi tlfrcal i H melts at 46”-44®. Tins is due, according to 


proteins. Richmond (Analyst, 1961, 310) con* 
sidei-s that the citrates exist in milk as dibasic- 
salts and gives the following as the distribution 
of the phvisplmnc acid in milk : 

T c- ^ 

P U* as casein eoiribmed with CaNa 0 0005 
/Oik . n-onor. 


Ca3(F04)2 

R2lIi'<J4 

RHjPO* 


0-0625 
0*077 
0-020 

129) found 


Latschenberger (Moiialsh 
0-02100 p.c. of ammonia in milk. Shcrnian, 
Rerg, Cohen, and Whitman (J. Biol. ('hem. 
1907, 171) give the amount as 0-004 p.c. 

Schrodt and Hanson (L. V. 8. 31, 55) found 


found up to 2 p.c. Cholesterol and lecithin also 
occur in some quantity. Urea is higher than in 
ordinary milk. Burr, Berbcrich, and Berg have 
recorded a number of analyses of colostrum. 
The characters of tho fat were as follows: 
Refractometcr reading at 40*^, 44-3- 48*8 ; m.p. 
32°-41®; Heichert-Meissl value, 11-5-29-1; 
Polenske value, 1-35-3 83; sapoiuficltion value, 
203-1-231-4; iodine value, 21*9-44-4. Tho fat 
contained 0*8 p.e. of cholesterol and 0*026 p.c. 
of lecithin (Analyst, 1913, 108). 

Kngling found the ash ol colostrum to con- 
si.'it ol 

KbO iNaoO ‘‘aO MgO FcjOa 8 O 5 01 

41-43 0-16 11*25 


the amount of chlorine in tho ash to be greater :r,. 7'2 :{4-h5 2*06 0*62 

lt«17-r3 'jtrfrlko^SIvery j fhc lagh.r nerce^tage of ph„sph»ic a<=id 

Sa thaa Vash, though tho total alkalis I and Urne. and tk low alkahs. are particularly 
lu. i noteworthy. 


more 
wore the same. 

VoL. iv.-r, 






870 


mm. 


AbKOBHAL MtLK. I 

Blue milk. Thitf is characterised by the | 
appearance of blue spots, which graduaj|^ | 
increase till the whole surface is covered. It le 
due to a bacillus {B. cyanogerm). If the 
reaction «f the milk is acid the coloration is , 
deep blue; in other cases it is a slaty blue, 
changing to deep blue on addition of acids. The 
ocHouring matter is identical with tnphcnyl- 
rosanilino {Martiny and Kurstouherg, Milch.-Zoit. 
10, r,94). / ^ , 

Stringy milk. Home milk, on standing for a 
short time, iHicoiucH tliick and sliingy. It is 
due to a spec,ml ferment, winch sets up inueic 
fermentation. Sound iinlk is infected liy addi¬ 
tion of a htllc of the stringy milk, l>'‘f^ the 
ferment can he ilestroyed hy iicating to (in'' or 
by the additjtni of strong antmepti* s. 

Red milk is duo mthei to oohpiMUg mattei in 
the food of the animal or more trcquoiitly to the 
presciiec of lilood Iroiii the niiiture of a small 
hlood vessel in the uildei ; on waiming the milk , 
ami eentiifuging the Muod may he separated j 
and identitied by the usual meilinds. ' 

Bitter milk is principally due to the fuo<l, 
but it IS occasionally obtained lioni cows jusl 
before the cud of lactation. 

Forimrticiilaisof ot hei abnormalities m milk, 
IK Kircnitier’s Mileliwirthse.liait. I'or milk in 
(Unease, v. lUyth’s l-'oods, whole ollu-r ridcnenees 
will 1)0 found. 

Analysis of Mji.k. 


Richmond (Analyst, 14, 121) states that 
the most satisfactory results are obtained by 
taking not more than 2 grams of milk, and dry¬ 
ing for U hours in a wide, flat-bottomed basin. 
Babcock'(Dept. Agric. Kept. 13, pt. i. 81) dries 
the milk on asliestos, and very accurate results 
are thus obtained. For the rapid determination 
of total solids, Hevis (Analyst, 1907, 284) adds 
i 1 c.o. of acetone to 2'5 grams of milk in a wide 
I basin and dries for 2 hours. 

I Jktcrminalion of iha ash. The total solid 
: matter obtained by evaporating a portion of the 
I milk to dryness is ignited at the low's! po.ssiblo 
j tcnipcratuie until the ash is i>erfectly white; a 
' barely visible rtid heat slioultl be employed. If 
the temjieiatiire is laiscd tf) a visible red heat, 
s(iriou.s los.s may Ix' incurred owing to the 
volatility of theehloridoflin tlic jtsh. In a series 
of expenmcnl.s \'ii'th {Analyst, 12, (tO) luund lliat 
the ash lost 2o ]».e. in wnghl- after lieating at a 
bright red heat for Jialf an hour. On heating 
for 5, 10, and 20 minutes resjjeclively, tho ash 
lost 1), 10, and 2t p.e. in weight. I’lie jierccntage 
ot chlorine in tlic ash was simultaneously 
icduccd hv 15.1, t)0, and tM> p.c. of its total 
iunount, 8() that over tno-tlmds of tlie chloride^ 
volatilise in 10 minuti's, and nearly the whole 
in 20 minutes. The ash must not be kept 
; even at the lower temperature longer than 
I m-ta'ssary. Vieth found that it lost 0 p.c. m 
! weight in 30 minutes when kept at a dark-red 
I lieat. 

j Ihlcriftiiuihon of ilo: iiitlk-fuf. 'Ihe fat is 
llie most valuable and imporiaut constituent of 


Specijic {frai'ily. 'I’his iiiu\ lie determined | 
liy the lactodeiiHimetei, Die pyknomoter, or by | 
the VVostphal balance. ' 

The. kKloitidcr or laclodi ti'^nnclcr. Ibis is. 
merely a special form of hydrometer with ji 
large bulb and a slendei stem, w Inch is graduated | 
from 15" to 45^ corresponding to sp gi-s. ot l-tD5 to ' 
1-045; in some forms the range is even less. | 
The milk should be at 00®F., or il the dcterniina- j 
tion is made at another temperature, the | 
readings of tho lactometer should be corrected j 
by means of a table. 

Tho milk should be sin red, and the instru¬ 
ment very gently lowered till it sinks no turther. 
'Fho reading of the lower edge ol the meniscu.'i 
should be taken. 

The form of pyknometei whicli gives the 
best resuK-s with milk is the Hprengel tubis—a 
U-tube with narrow capillary ends ; this should i 
he filled with milk, immersed in a vessel of w-ater ; 
at 00®F. till the volume is constant, and weighed. ; 
'he weight of milk divided by the weight of 
rater at ()0"F. will give the. specilie gravity. j 
The Westphal balance consists ol a eounter- , 
toised thermometer of exactly 5 or U> e.o , 
lisplacement, suspended by a line platinum 
k'lrc from 6no eml of a graduated lover. 'I’Ik' 
henuometer or ]>luinmot is immersed in the 
iiilk at 15" and equilibrium restored !>> sus¬ 
pending a series of riders from the lever, wdiieli 
IS graduated for tho direct leading of the S]>.gr, 
Dekrmimliou of Ike' total solids. About 
5 grams of milk are rapidly weighed out into 
a tared platinum, porcelain, nickel, or aluminium 
dish, and dried on a water-bath till successive 
w'eighmgs at one hour’s interval differ by less 
than a milligram. This generally occupies 
4-6 hours. 


milk, and its deti'rimnatioii wiDi exactness is 
t.herelore indispensable for eonimercial and 
analytical purjiosea. Fonm ily the dned milk 
solids were exhausted wiDi other or petroleum, 
the etiicr evaporali'd fiom tlic solution ohiained 
and the tat weighed. 'I’hiH mc'Diod is almost 
eiitiiely ahandoiicd, as 20-25 p.e. of the fat is 
left imextracted, and concordant results are iin- 
attainabic. 

'J'he following metbods are now in use :■— 

(jravitni'lric methods. In consequence of the 
discrepancies between the results obtained by 
I different analysts by proi'csses in general use in 
j 1884-5 (W’aiiklyn, or modifications), the Hoeiety 
j of Tublio Analysts appointed a committee to 
* compare the principal methods then known. 
The report of the committee, presented in 1880, 
and ado^itcd by the society, stated that 283 com* 
paiative analyses had been made, and that the 
most concordant, and most trustworthy results 
liad been obtained by tho use of Adams's process. 
It was nceoidingly resolved that public analysts 
Hhouhl use tliat process in preference to any 
other. I'lie advent of methods such as Schmidt’s 
and t^ottliel»’8 has, however, caused this reeom- 
inciulatioii to bh generally ignoied. 

Ad(i>n.-.\s process. The original method 
(Aimivst. 85,4S) asmodilii-d by Allen and Chatta- 
way {'thid. 80, 74) is carried out as follow's: A 
' Mtiip oi blotting paper 22 mohes long, 2\ inches 
wide, is thoroughly exhausted w’ith etlier and 
diied at 1U0"0. to constant w'eight. It is then 
rolled up into a coil ol about 1 inch diameter with 
I a piece of thin string (previously boiled with 
I sochum carbonate) placed m a cap of (fat free) 
filter paper, and attached to it by means of the 
' ends of tlie string. 5 c.c. of milk are distributed 
i with a pipette over the upper surface of the coil, 
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it ia then transferred to the water oven and 
roughly dried on a fflaas plate. The dry coil is 
transferred to a "Soxhlet’s extractor,’ and 
exhausted with ether, light petroleum, or carbon 
disulphide for IJ to 3 hours, the fat solution 
evaporated to dryn^ and weighed. 

If the milk is sour it is preferable to mix it 
well, transfer a portion into a tared basin, weigh, 
pour it on to the coil, wash out the basin with 
2 or 3 drops of water, adding tliose also to the 
coil, then proceed as above. 

Sour milk may also be rendered homogeneous j 
by adding a few drops of ammonia. A cleliinte , 
volume may then he used (the sp.gr. boitig I 
known). ' 1 

There is some diffieulty m completely ex¬ 
hausting the blotting j)aj>or hehne use. Jtich- 
inond (Analyst, 14, 123) slates that tins can be 
very perfec-tly done by treating for 3 or 4 lionrs i 
with alcohol containing ]<► pc. of acetic acid, ! 
in a large Soxhiet e.xtraclor. j 

Adams’s method gives low riisulls if the fat! 
is iiiafinelydivKledoonditionjC.g.in linmogcriised I 
milk. 

iSVorc/f’.s virtliot!. ]0 grams of nnlk arc | 
evaporated on pumice, whicli is then ground to j 
a line powder, and extraidcil m a Soxhlet ex- ! 
tractor; the pumice is tlicn ilrii'd and n-groiind ' 
and hirther extractcci. Many other suhslanccs 
e.m he ijHcil 111 place o{ jninmc ; thus plaster of 
I’ans was used tor many years, and li the line 
grinding (the ess<-ntial part of the method) is 
adhered to, gives excellent results, hut if only 
broken up roughly tlie results are low. Nilsson 
recommends kaolin (('bem. Zeit. IH'lJ, 37), but 
the substance winch gives tlu» host icsnlts is 
kieselgulir (Analyst, 14, 124). 

Schmidt (Zeitscli. anal, t'hmn. 27, 404) takes 
a tost tube of 50 o.c. capacity, giaduatcd in the 
upper part to A <!.c., introduces 10 c.e. of milk, 
adds 10 c.c. of strong lit 4, bods with shaking 
until the liquid turns dark brown, cools the tube 
in cold water, acids 30 e.o. of ether, sliakes round, 
and, after standing, measures the volume of the i 
ethereal solution and draws off 10 c e. 'J'his he 
evaporates down in a weiglied porcelain ca|)siilc 
on the water-bath, and fmaliy in the aii-halh 
at lOO'^C. Ho then woiglm and calculatt^ lor 
the original quantity of tlio ethereal solution. , 
If the proci'.ss lias been jiroporly conducted, the | 
ether separates from the aqueous solution quite i 
clear, without the slightest turbidity. The' 
ethereal solution as it flows out from the pipott* j 
should not show any watery drops. With; 
proper arrangements the operations can be 
carried out in 15 minutes. Stokes, who has 
devise^l special forms of tube for tliis method 
(Analyst, 14, 30), finds the results by this 
method agree with those obtained by Adams’s 
process. • ! 

InsUtad of taking an aliquot portion of the j 
ethereal solution, as much as possible Bhould bo ^ 
withdrawn, and the tube wa.shed out with 
successive portions of ether; the whole of the 
fat is thus obtained an<3 weighed. 

Qottlifh‘9 method (L. V. S. 40, 1). This is a 
modification of the method of Rose (Zeitsch. 
angew. Chem. 1888, 4), and is thus carried out t 
10 c.c. of milk are measured into a tall, narrow 
oybnder, graduated in 0 5 c.c., and holding 
100 o.c.» 1 C.C. of ammonia (sp.gr. 0*90) is added, 
and then 10 c.c. of alcohol j the mixture is well 


shaken. 25 o.o. of ether, which need not bo dry, 
are added, and the contents of the tube well 
mixed; finally 25 c.e. of light petroleum are 
added and the mixture ^ain well shaken. It is 
essential that the contents of the tube be mixed 
after the addition of each reagent, or results 
may be very low. The cylinder is then left for 
6 hours, tlie volume of the ethereal solution 
measured, and 50 c.c. removed, evaporated, and 
the fat drieil and weighed. Popp (Miloh.* 
Zeitung, 1004, 20) fV:.ate8 that 1 hour is sufficient 
for the separalion, and that the sp.gr. of the 
ammonia may he varied iHftweeri 0*91 and 0*9(> 
without alTecting tlie results. 

A more rapid procedure is t<» follow the 
method as above described, as far as the addition 
of the light iK'trolenm (the quantities being 
halved throughout if desired, though it is essen¬ 
tial to adhere to the proiiortions given); the 
( ''Mtciits of the [ul)<‘ arc mixed, allowed to stand 
a nimuf(“ <ir two till Hcparntiori takes place, again 
nnx<‘fl, and allowed to separate. As much ns 
possible of liio clhereal layer is removed, and 
tlie residue of the fat exti.icted by three further 
shakings with a mixture ot equal quantities of 
ether and light pi iroleum (tin* re<-overed solvent 
.answers adnurubly for *11118 purpose). Tbo 
combined ethereal extraets aie cviijiorated in a 
widc-iieckeil Hash, and the fat ilru-d in the water 
I oven, with fraqiient blowing in of air until the 
1 VM'ight IS constant. The fat is then washed out 
j of the flask with a little light jietroleuiu, and 
the flask with any small residue of lum-fatiy 
sub.stanei' again weiglied (Fahnon, Ohem. Zeit. 
j IIHMI, 2()7 ; ItK hniond, Analyst, 11K)H, 389). 
j This last jiroccdiiix^ should be ajiplied to the fat 
i determinations by all methods, especially the 
I ydiiiiidt method, if accurate results are to be 
obtained. 

JSicgfeld (Milolivv. Zeiitr. 190(1. 1) finds that 
04)029-()'003G p.c. cholesterol and 0’(>079-0*0l(l(> 
p.c. lecithin are i-ontained in the fat separated 
by Gottlieb’s method. 

The maceration method being particularly 
suited to the analysis of sour milk will be de- 
scrilxal later. 

Volnmitnc niethmi^. A number of methods 
have been descril>e<l m which the milk is treated 
with a Hohent which dissolve's overytliing in 
the milk excejit the fat, and this is separated by 
centrifugal force into the narrow graduated 
nock of a bottle, and there measured. • Of these 
it IS only n(‘ce.Hfiary to describe the Gerber acid 
method, and to mention the Sinaoid and Sal 
alkali methods. 

iicrber'a acvl method. The reagents employed 
arc sulphuric acid (first propo.sed by Jiaboock, 
Seventh Ann. Rep. Agr. Kxiit. Stat. Univ. 
Wisconsin, 1889, 98) to dissolve) the casein, and 
amyl aleoliol the use of which was introduced 
by Leffmann and Ream (Analyst, 1%92, 83), to 
assist the separation of the fat. Gerber has 
worked out the various details (Milcb.-Zeit. 
1892, 891; 1893, 303, (156; and 1895, 169), 
and at jiresent the process is as follows t 
10 c.c. of 8ul])huric acid (commercial sp.gr, 
1*820-1-825; 90-91 p.c. H 5 .R() 4 ) are measured 
into a bottle with a long graduated stem called 
a butyrornetcr; 11 o.c. of milk are added, and 
I 1 c.c. of amyl alcohol (sp.gr. 0*815, b.p. 128®- 
1 130®C1.). It is important that this order be 
i adhered to, as if the sulphuric acid and amyl 
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alcohol bo allowed to mix before the acid ie | 
diluted with the milk, an action resulting in the | 
formation of amyleno and other prt)duct8 takes ' 
place, which substances increase the apparent i 
volume of the fat (Kichmond and O’Shaughnessy, 
Analyst, 1899, 146; Siegfeld, Molkerci-Zeitung, | 
1899, 43 S). The butyrometer is closed by a 
rubber cork, and the contents well mixed by 
shaking, and inverting several times so llmt the 
liquid in the neck becomes thr»rougli]y warm; 
the fat is brought up into ,lhe neck by centri-1 
fuging for several minutes at a speed of at least! 
1000 revolutions per minute. Unless the bottles ; 
have been k(!]>t warm during eentnfuging, by | 
the use of a steam turbine t«» drive tlie maelmio 1 
or other device, they must be })lacod in a water- • 
bath at a tomjierature of ()0"-()5® for several i 
minutes. The percentage of fat is read ofl | 
directly on the .scale; to facilitate reailiiig, lh(“ j 
bottom of the fat column can'be adjusted to' 
one of the main percentage lines, by pushing ' 
in or jmlling out the rubber cork to a small ' 
extent. I 

Comparative tests with the Adams, Hose- j 
(xottlieb, and (lerber (Labeock) mctliods for 
the estimation of fat in skimmed milk yu'ldcd 
results showing that the following mocblieations j 
8h<nild be mad(‘ in the la-st-nanuMl method : 1 
At least 25 e.e. of sulphuiie acid shouhl be used, ! 
the lempeiature of tlie testing machine sliould ; 
be not less than 82*^, the eoiitnfugal maelune ' 
should have a disc at least 15 m(;hes in diameter 
and bo run at a minimum speed ot 180b revohi- ' 
tions ]icr minute, and the mixture should be 
centnfugei.1 for 10, 2, and 1 minute periods 
(Moluorney and 'J’roy, Analyst, 1921, 50). 

There aie many types ol butyuuiicters, 
differing chiefly in the eonstruclion ol the 
graduated sU-iu, tins bi'ing round, squau^, or 
llat, or with eceentrie hore to magnify the fat 
layer; for the trained chemist the round stem 
18 the boHt, and gives the mosi aeeuraic readings, 
but to the untrained eye tlie lateral magnilicaiion 
of the scale appears to be more easy to read. A 
number of appliances for automatically measur¬ 
ing the BUlpuurio acid and amyl alcohol have 
bwn devised, which are fully desenbed and 
illustrated in the various manufacturers’ cata¬ 
logues. 

With care this method gives good results,' 
usually agreeing within 0*1 p.c. of the figures 
given by gravimetric analysis. The usual faults 
made by untrained persons are : ( 1 ) insulheient 
mixing, which may lead to a clear fat iaj er not 
being obtained; ( 11 ) iiiBufficiciit centrifuging, | 
loading to low results; and (iii) unsuitable i 
strength of acid, which may give rise to a dark, 1 
fat layer, and to errors in the result. ’ 

The layer measured is not pure fat I 
(Kichmond, Analyst, 1905, 320), partial hydro¬ 
lysis takes a-nd a portion of tlie soluble j 
fatty acids is dissolved in the aqueous IkiukI ; ' 
a small amount of amyl ester is formed, and also 
a sulpho-acid. Jf the conditions of the process 
arc adhered to the volume of the fatty layei is 
but very slightly in excess of the true fat of the 
milk. As the w hole of the amyl alcohol dissolves 
in the acid to form amyl hydrogen sulphate, a 
considerable margin of error in the measureqaent 
of the alcohol is without appreciable influence 
on the result. 

r/ie ‘ iSinacid ’ and ‘ Sal ’ methods. As 


strong sulphuric acid has certain disadvantages 
as a reagent, especially in the h^ds of inex¬ 
perienced iKTSons, the use of alkaline solutions 
to (fisBolve tlie casein has been introduced by 
Sichler (Mileli.-Zcit. 1904, 417, Sinacid process) 
and Gerber (ibid. 1906, 4, Sal method). 

The former method employs a solution con¬ 
taining sodium hydroxide, Hochelle sail, and 
sodium sulphate, whilst sodium chloride is substi¬ 
tuted for tlie sulphate in the Sal method. Buty- 
rometers, whieli are practically the same as those 
used in Gerber’s acid method, are employed, and 
11 e.e. of alkaline solution, 10 c.c. of milk, and 
O'G e.e. f)f uobutyl alcohol are measured into the 
boulca. The mixing ami centrifuging are per¬ 
formed as in the aeid method, hut the tempera¬ 
ture ol the watiT-hath is 45°. The isobutyl 
alcohol used in this method, which is usually 
eobmred n‘d, bhu', or green, does not dissolve 
in the aqueous liquul, but passes into the fat, 
and lienee tlie measuromcrit must be exact. A 
drawback is that the coiks become slippery, and 
tend to come out of the bottles. 

The ' Nrii'^ol ’ method: A solution containing 
sodium salicylate, a carhohydrat<’ and i.solmtyl 
alcohol 18 enijiloyed, and 4 (.c. of this are added 
to 9’7 e e. of milk, mixed, warmed to 45° and 
eeniniuged. The lesults are good, hut GoUling 
(Analyst, 1911, 299) lias shown tliat vanatnms 
HI the mixture gi\e citoihous lesults. 

Jhternniiatxon unlk-jut frt/tn ffyrmvlcr. It 
has been fiumd tlial the sp.gi. of milk, solids 
not fat, ami the iat nii* deiHodent upon each 
other, BO that if two ot IIhho qminlities are 
known, tlie thm! can he calculated. 

Numcion.s loiiniily ha\c been worked out to 
express the lelatioiis bet\iecn tlie llnee data, 
many of lliem ajqilieable only to jiartieular 
inetliods of analysis, •wlmh liave now been 
shown to he ineorreit. Owing to the natuial 
vaiiation in i-omposilion and specific gravity of 
the fat and soluls not fat, the method is only 
an approximate one. 

The following formula, which, though 
seientilically incorrect, is simple, gives results 
which are near the truth : 

S,n.r.=^|+«-2F+0-14 or T= j +l-21'+0-14 

G—lactometer degrees, F—Fat, S.ii.F.—solids 
not fat, T—total solids (Kichmond, Analyst, 
J905, 5V). 

" Of. Harris (Analyst, 1918, 263). Hanis 
(Analyst, 1918, 345) gives the following foimula 
for calculating the amount of added w'ater in 
milk: 

_ 10,000 N 

in wlueh K ^'percentage of solids not fat, 
F—percentage of fat, (100—r)=percentage of 
added water (r/. Harris, Analyst, 1919, 43; 
1919,314), 

For a tabb'for sorting of milk samples based 
on a determination of sp.gr. and total solids, the 
fnt being calculated by means of factors, depend¬ 
ing on Kichraond’s formula, see Harris, Analyst, 

1918, 375; Riehraond, ibid. 1919,200; Harris, 

1919, 314, 317. Kichmond has devised an 
improved slide-rule by which practically every 
calculation required in dairy analysis can be 
readily made (Analyst, 1920, 218). 



MILK, 


873 


DeUrmination of the milk-sugar. —( 1 ) Oravi- 
meirkalhj, hy SoxldcCs /nf/Aod.—25 c.o. of milk 
are weighed out, diluted to 400 o.o.; 10 c.c. of 
a solution of copper sulphate (G9‘28 grams j>er 
litre) are added, then 6'5-7'5 c.c. of a solution 
of caustic soda standardised to precipitate an 
equal volume of the copper solutiim. The 
solution should still bo slightly acid after the 
addithin of the soda, and contain traces of 
copper. Schcibc (Milch.-Zmt. 1001, 113) 
recommends that 20 c.c. of a cold, saturated 
solution of sodium Huoridi' should also be add(*d 
to remove lime salts. U is diluted to .MK) c.c., 
tiltored ; lOO c.c. are l iansterrcd to a bcaUcr, 
.W c.c. of Itarri'swil's (h'chhng’s) soIuIkui ari' 
added, tlic whole hoihul for li minutes, filtered 
through asbestos, washed witli hot waliw, then 
twice willi absolute alcohol and twice with eihei. 
A special filter is used consisting of a calcniiii 
chloride tube, the bulb half filled with asbestos 
and previously dried and weighed. 'I’he tube 
contamitig the asbe.stos and precipitate' is eleared ' 
of other by blowing air througli. and a stream 
of hydrogen pas.sed through, uliiist tlie bulb is 


Lactometer degrees to convert volume 
I into weight percentages. 

The reading in angular degrees gives the 
percentage direct. 

Richmond (Analyst, 1910, 510) has shown 
that mercury salts do not precipitate the whole 
of the proteins, and recommends tlie afidifion of 
phospliotungHtic acid to the mercuric filtrate. 
With whole milk the error is very small, but is 
important with dried milks, &e.- 

Patem (.1. Pliarm. Chini. 15)04, 501) slates 
that milk sugar cannot bo estimaiod polan- 
metrically in human milk, as this contains a 
Irovorotatory substance not precipitated by 
mercuric iiitnilo oi picric acid. 

The volume of tlie pntcipitate of fat and 
I proti'ins may be i-stiinatetl hy the method of 
double dilution, i c. making up the same quail* 
tity of milk to two different, volumes, one being 
jiroforably tvicj the other; formulio for cor¬ 
rection liavc been worked out by Rigelow and 
McElroy (Amcr. (’hem. .1. 2.5, ()94), Wiley and 
Kwell (Analyst, 1800, 180), and Sehiehc (Milch.- 
Zeit. 1001, 113). Mercuric iodide, and acetate, 


gently heated for .5 mimite.s. 'I'iic reduced copper 
is allowed to cool in a stream of hydiogen, and 
weighed. »Soxhlet gives the following table:— 

Copucr otilaiiuil Amouul of mllk-snuar 

(milliKi unis) , (rnilligrutns) 

:W2'7 300 

3030 275 

333-0 250 

300-8 225 

209-0 200 

237-5 175 

204-0 150 

171-4 125 

138-3 100 


'I'ho intermediate values are obtained by inter- 
[lolation. 

(2) Ih/ polarhalion .—Tlie jiroteins in milk 
alTect the determination, and must first lie 
eliminated. Tina may be done by merciinc 
nitrato (R^iley, Ainer. Chorn. J. 0, 280).—Mer¬ 
cury is dissolved in double its weiglit of HNO, 
(8p.gr.-=l-42), and an equal volume of water 
added to the solution. * 

Vietli (Analyst, 1888, 03) gives the following 
directions: to 100 c.c. of milk 3 c.c. of this 
solution are added, the mixture well shaken and 
filtered. The clear filtrate is polarised, find the 
percentage of anhydrous milk sugar deduced? 
If a 200 ram. tube is used, the reading in angular 
degrees is multiplied by 


i 100-1-057F i 
0'96X,:r^X -T.VA - X - 
1*05 100 sp.gr. 


This expression reduces the readings to their 
value in anliydrous milk sugar; corrects for the 
volume of the fat (the volume of tlie proteins is 
taken as 3 c.c.), and converts percentages by 
volume into percentages by weight. 

Richmond and Boseiey (Analyst, 1897, 98) 
add to 100 e.e. of milk (if a 200 mm. tube is 
used): 

3 c.c mercuric nitrate solution, 

10*86 c.o. of water to reduce angular degrees 
to percentages of anhydrous milk sugar, 

Fxl'll c.e. of water to corroot for the 
volume of fat. 


sodium inetaph<isj»liatc, picric acid, and zinc 
fonocyaniih' liave also bei'ii projiosed to pre¬ 
cipitate the ]iioi('inK (f/.,Thibault, J. Pharm. 
(Iiiin 189(>, 5; (^irrez, Ann. (Iiiin. anal. 1909, 
187). 

The iemjHiiatnreduiing tlie piocess must be 
kept constant and within 15^'-25'' (Wiley, 
Analyst, 13, ltK>). 

iStokta and Bodmer (ibid. 10, 12) recommend 
the use of Pavy’a solution. 

100 of milk-sugar have the same reducing 
power as 52 of glucose or 49-4 of cane-sugar. 
By this method a fair determination may be 
made })y merely diluting the milk so that 
<»-12 c.c. decolourise about 40 o.c. of Pavy’a 
solution. 

Ddcrniimlion of the total ]irotein.s. — Itiltliav- 
i sen’s method (Zeitsch. anal. Cliem. 1878, 241).— 
j Th(? proteins are precipitated by copper sulphate 
and soda solution (?-■. OeierminaHon of milk- 
j siiffar). Tlie preeipitato is collected on a weiglied 
' filter, washed witJi a little of the clear filtrate, 
allowed to drain, washed with 80-100 e.o. of hot 
water, dried, the fat extracted, dried again at 
125*^-150“ and weighed. The precipitate is 
Ignited and the ash deducted. Sebelien (Zeitsch. 
Ohem. 13, 135} }K)inls out that this method is 
not exact, since cojiper hydroxide doeg not give 
up all its water at 126®, but only on ignition. 

I This error is avoided if at least 0*0 gram of pro¬ 
tein 18 present in solution, and the ratio between 
the copper oxide used and the amount of protein 
falls between I 3 and 1*35. 

Fleischmann (Lehrbuch der Milchwirlsch. 
1907, 70) states that the error introduced is 
0*038 p.c. for each I p.c. of protein. 

Almen’s method. This method •gives very 
exact results, and is particularly recommended 
I by Sebolien (Zeitsch. physiol. Chora. 13, 135), 
3-5 grams of milk are taken (2 grams of oolo- 
strum, 10 of wliey), diluted with 3-4 volg. 
water; a few drops of solution of some salt 
(NaCl, MgS() 4 , &c.), then excess of solution of 
tamun, is added in the cold. (The tannin 
solution consists of 4 grams tannin added to 
8 c.if. of 25 p.c. acetic acid and 190 c.c. of 40-50 
p.c. alcohol.) The precipitate is thoroughly 
washed with cold water, and the nitrogen in the 
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filter and preoipttate estimated by Kjeldahl’s! solution passes through. The caaein is left 
process. Tiie result, after sijbtroetum of the N ! beliiud, and is washed, dried, arid weighed, 
in the filter, gives the protein N, and this . The albumin is precipitated by boiling, &c. 
x6‘38=t()tal ))roteinM (since both casein and J^feiffer and Schmidt (Zeitsch. Chem. 23,446) 
albumin contam 15*7 p.c. N); for whey the . modify Hoppe-Seylcr’s method in the following 
factr)r 6*96 gives the most exact results. ! way for human milk: 20 c.c. of milk are diluted 

Phosphotungstio acid ihay also be used to i to 400 heated to 40'^, acetic acid added 
preci])itate the proteins. { drop by drop till a granular precipitate com- 

2'olal nilrfHie.n. 'j'lie total nitrogen in nnlk is | mcnccH to form ; CO^ is then passed in for half 
best detormiiied directly by Kjoldahl’a method, j an iiour and the precipitate allowed to subside 
The digestion must be sonyiwhat })roIoiigcd to ! for 24 I'ours. The casein is then weighed, and 
obtain the best results (Kreusler, ]^. V. 8. 31, ; the liltratc treal.f'd in the ordinary way. 

248). In alisoluiely ai-ciirati' ilctcrminallona 1 Tolmalsf}ujj\ tmOiod. —(1) (Jaatin. 20 c.c. 
it 18 not advisable to calculate the total ]>rotoniH 1 of milk are saiiiratcd in the cold with crystal* 
from total N by multiiihcaiion by (*'37, because hsod Mg^O^ (it is best to make the crystals into 
111 tho presence of iiilrogcMious extractive matters a paste with water), JOO c.c. of a very (toiicen* 
111 the milk. Schmidt-Muhlhcini found an trated solution ul MgSO^ arc added, the preeijii- 
averago of 0-04-0-05 p.c. of i xtiactive N. 'J’his tute tiltered off, well waslu'd with a concentrated 
18 nonlirined by Sehchen (/.e.), who linds the same solution ol MgSO.,, the fat extracted, and the 
average, with a minimum of U03 ]i.e. and an rcsulue dried, w'eighcd, and the asli deducted, 
exceptional maximum (in colostrum) ol 04)8 p c. (2) AUmvi'in. 'J’he tiltrate and wash-waiev 
(N—0’04)x0'38 gives a very close ajiproxi- from the casein are. acidified with dilute acetic 
mation (Sobelicn). acid, iieated to boiling, filtered, waahed, with 

•SVparafe '/>ro/eiw.s-(c«.s(i«, I water and alcohol, dried at 120°-12.')‘'. and 

alhiiinin, (jlob'ulin, ttjc.). lioppe-Seyler (Tlandb. weigbetl. Sebohen {l.v.) advises that in each 
dor Phy«. Chein. Anal.) proceeds as follows: case the N .should be determined in tlie piecipi- 
20 0 , 0 , of milk are diluted with water to 41)0 cx., tate by Kjehiahl’s ])rocess, and the albuminoid 
transferred to a deep beaker, and very dilute found by multiplication by fi’37. The results 
acetic acid added until a, Hocciilent precipitate are accurate. 

just appears. Carbon dioxide is then iiassed for ’I'lio following sciieme is rcconinieiided for 
4-i hour, and tho precipitate- allowed to subsule | scientific purposes (yebehen):— 
for 12 hours. The solution, whioh should be; (1) Determine total JM by K leldahl’s method, 

perfectly clear, is passed through a weighed filter,; (2) Total proteins by piccipitution w'lth 

the preiupitatc washed on with a little of the clear j tannin (K by Kjelduhl). 

filtrate, allowed to dram, and washed once witli I (3) Oasi iii-l-glohulm by precipitation with 

distilled water. 'I’he precipitalo=^casein*f tat j iMgSO,, (N by Kjeldahl). 

The latter la extracted us usiinl. 'I'lie filtrate ]>• i (4) t'aseiu by precipitation with dilute acetic 


boiled for a few minutes, when tlie nlhuimti i 
separates out; if the jirecijut-nte is not very! 
floeculent, a ft'w drops of very <lilut(“ aietic acid J 
may bo added. It is eollocli'd on a weighed 
filter, washed with cold w'atiT, end dried at 
120°-126°. 

The filtrate and wash-water are evaporated 
to tlie consistency of a thin syrup, the jireeipitati- 
winch settles out gathered on a .siuall weighed 
filter, well washed with cold water, and weighed. 

Van Slyke (Anier. Cheui. J. 1894, 712) 
adds to 10 grams of milk + tK) c.c. of w'ater at a 
tein])cratui‘e of 40°-42°, 1T> <;.c. of 10 p.c. 
acetic acid, and allows the liquid to stand 5 
minutes > the precipitate of casein is washed, 
and the nitrogen estimatetl by KJelilahl’s; 
method. The albumin is jireeipitated by boiling | 
tho tiltrate, the nitrogen being esfimatod in the 1 
precipitate. This method has lieeii extended 
by \'an Slyko and Hart (Ainer. Cdiem .1. 1903, 
160). Cf. Horsey, J. Inch Eng. ('hem. I9ifi, 
8, 335. 

The method cannot be used for human milk 
nor for thfet of tlie mare and ass, because on 
dilution and treatment with aw'tic acid and COj 
the casein separatc'-s in such a finely divided ■ 
oundition that it cannot be filtered. Blyth | 
(Food; Loud. 88) uses the following modification | 
for human milk : 100 c.c. are diluted to 400 c.c., | 
acidified with dilute acetic acid, saturated with ■ 
(’O^, and transferred to a tall beaker, A small 
cylindrical porous battery cell, closed by a per-! 
forated plug connected with a mercury pump, j 
is immersed m tho liquid. A good vacuum is 
maintained, and ultimately the whole of the ' 


acid (N liy Kjeldahl). 

The difierenec hetwoen (2) and (3) giv«‘S the 
allmimii, between (3) and (4) the globulin, 
belweim (J) and (2) tho iion-piotcin or ex¬ 
tractive K. Tlie latter may also be determined 
directly by Kjeldahl’s method in tho filtrate 
from tho tannin (2). 

Opalism, which is scanty in cow’s milk, but 
abundant in human milk, is estimated by pre¬ 
cipitation of the casein by acetic acid, and 
satuvation of the filtrate by sodium chloride 
(Wroblewski, Zeitsch. physiol. Chem. 1898, 308). 

Selilossinann {ibid. 1899, 197) precipitates 
casein with a little saturated alum solution at 
37°, glfbului in the filtrate by saturating with 
.’iiagnesium sulphate, and estimates albumin 
from the difference between the total protein 
nitrogen and that o^ the casein and albumin. 

For general review of tho methods of protein 
estimation, rf. 8imon, Zeitsch. physiol, (’hem. 
1901, 491). 

Jiapnl t;^limaiion of proteins. — 7'he aldehyde 
mtihid. Steinfegger proposed that the acidity 
developed in mUk by the addition of formalde- 
liyde slu>iild be used as an analytical method 
(Zeitsch. Nahr. Genussm. 1906, 659), and 
showed tliat it was due to the conversion of the 
jiractically neutral amino-acid groups into 
strongly acid methylene-amino-acid radicles. 


NH. 

k/ ’ +CH,0=R 
^COOH 


/Na^CHg 

S^oon 


+H.0 


Kiohmond and Miller (Analyst, 1906, 224) 
studied the method, and pt)inted out that the 
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value depended on the nature of t)ie base used 
for titration, the use of soda giving lower I'eeults 
than etrontia, which they recommend (c/. also 
Sorensen, Uiochem. Zeilsoh. 1907, 46). 

The method is as follows ; to 10 or 11 c.c. of 
milk {the latter volmnc is convenient if the 
(»erber fat estimation is jierfonnod) at least I c.e. 
of ()-r> p e. ]ihenulplithak*in solution is added, 
and the imlk nouiralised with N/11 (approx.) 
strontia; to tlic faintly )»mk solution 2 c.e. 
of 40 j).e. formaldehyde solution is atldeil, and 
the titration continued (ill a faint pink colour 
again appears : the acnlity of the formaldehyde 
added i.s (hshicted, atul the aldehyde figure is 
calculated as c e. of N acid ])er litre ; ilna 
multiplu'd by 0 170 gives (lie ]>ereent!ige of 
jiroleiiis in normal eow's milk. On no aeeouiit 
must tlie fornialdrhydi- solution he neiitiahsed 
)nevious to use with soda, as (lie .slnuig neutral 
solution beeomes very ajipreci.ihly alkaline on 
dilution; the sanii' lignre for aridity of tlie 
lormaldehydo is, however, ohlaiiieti wIumi 
.s(,rontia is used wba1e\tT the dilution. Tlie 
factor toi I'oiiverting ahloliydo figure to proteins 
vaiJ(‘s with dilh nait iinlK.s aiul milk products; 
thus it IS 0-125 ftu- whey, tor human milk, 
and ()-151 foi a.ssea’ milk. Wlien milk turns sour 
tlio aldehy<h' ligmc rises (Aiialvst. llMMi, H2K ; ! 
ami 1908, 115', due to podeolylie fermentation, 

Tlie method, although extremely rajud, ami 
apfiroximately aceui.ile, must be used with 
resi'rvation 

Acidil//. lly titration of nulk with an alkali 1 
siliitioii using plieimlplithaletn solution as 
indicator, a measure of tin' aoulily is obtained ; 
imfortimatcly theie art* scvcial modes r>f ex- 
]uessiiig aenlitv. Soxhlet and Henkel ((Jlieni. 
/(‘idr. 18S7, 229) titrate 50 c.(; of niilk with 
N/4 soda solution, and call the number of culm: 
centimetres of soda used degrees of acidity; 
Thfirner (Mil<;h.-Zeit. ISfilt, 58} dilutes 10 c.e. of 
milk witli 20 c.e. of distilh'd whaler, ami titrates 
witii f'i/IO soda, and expresses as degn'es of 
acidity the number of c e. of normal sohition 
required per iitre of nulk; many oliiors use 
10 c.c uf mdk undiluted and titrate with N/IO 
solution, ami t'.xpross the aculity in the same 
tonus as 'I'lidmer, hut as the sodium salls*of the 
aenks jnesent in milk dissociate on dilution tlie- 
degrees deterinmed by Thorner’a nu'thod do 
not agree with those determined by using 
undiluted milk. Tl is not unusual, though of 
course incorrect, to express the acidity ^is 
grams of lactic acid per 100 c.c., and Domic 
(Le (Juntrfile du bait, 1807) proposes the use of 
N/9 soda solution (1 c.e.--0'0I gram lactic acid), 
and calls ibi. grams of lactic acid per litre 
degrees. The amount of phenolphthalem used 
and the temperature have some influence on the 
end-point of neulraiitv (Uiclirfiond and Miller, 
Analyst, 1007, 152). 

Experience has shown that the most satis¬ 
factory and concordant results are obtained by 
the use of strontia solution (about N/11) as the 
alkali at tlie ordinary room temperature (15®- 
20 ®), and employing at least 0-006 gram jihenol* 
phthalein for 10 c.c. of milk, and the most 
convonieut mode of expression is c.c. of N acid 
per litre nr degrees. The tint equal to that 
produced by 1 drop of an 0*01 p.c. alcoholic 
solution of rosaniline acetate added to 11 c.c. of 
milk may be taken as a standard. The normal 
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acidity of cow’s milk is about 20 degrees, and 
the acidity is nearly always within 2 degrees of 
tlio aldehyde figure {q.r .; Richmond, .Analyst, 
1008, 115); in a few abnormal cases it is much 
lower. 

of your mill'. A practical method 
for (he analysis of sour milk, by meaiTs of which 
tlie coinjioKition, wlien fresh, can be deduced, 
has been devised at (he (lovi'rnmcnt Laboratory. 
Onginally <l<‘scnbed by bell (Food and its 
Ailulteratioiis, IHSIl, pi. 2), it has been modified 
and jilaced on a .siienlilic l)a.siH by Thorpe 
(('hem. Soc. Trans. 1905, 20t»): Richmond and 
Miller (Aimlysl. 1117) have examined and 
i‘iiticiscil tlu' iiietliod, and while suggcstnig a 
few nunoi modifications, aLU'ce in the mam wutli 
'I'hofjic as to its hulKstaiitud acciiviKy. The 
lollownig IS an aluidgcd (lc.s< iiptioii. hut for full 
working details the oiigni.d pa|M‘is should bo 
consulted. 

MiiraalKiii no thin! for foi and nololy vot fot. 
10 grams {circa) nm wi'ighcd into a flat-hottoiiuMl 
platinum ilish provided with a llaltened glass 
stirrer, mutialiscd with sliontia sohitum, using 
plicnolphlhalein as indicaloi, and evaporated 
to a stiff jtastc on a siiaim-hath ; tlie rc-sidiie is 
treated with smaessive quuiititii's ol ether, and 
ground u]) to a line jiuwdiT under the ether, 
which ifl jmssed through a weighed filter, and 
collected) in a flask ; the ethei m evajiorated and 
the fat dried and wi-ighed. The tat should be 
wusIkmI out of the flask with light petroleum, 
and the residue of ])iien()l]>hthalein subtracted 
from the weight (R. and M.). It is advisable 
to continue the lixlraetion W'lth ether and the 
grinding of (be solids not fat till no more fat is 
ofitaiued 'I'he solids not’ fat in the basin and 
on the w'cighed llitei are drleil to constant 
weight in tlie water-oven. A correction is made 
f(;r tlie added alkali by deducting 0*00428 grain 
for each c.c. of N/IO strontia added. 

Corrccliony for losy nv'uuf fo (Iccomitositiov .— 
{(i) The alcohol corn'clwit. 75 grams (more or 
less according to the amount of sample available) 
are half neutralised with soda and ilistilled, the 
di.sfillate is neutralised, using litmus paper as 
indicator, and redistilled, a eonvement volume 
(say 25 or 59 c.e.) being collected, and the 
density taken; tlie ififierence between the 
density found and 1000, multiplied by 0*977, 
w'lll give the quantity ol aiiliydrous milk-sugar 
equivalent to the alcohol per lyO c.c. of 
distillate. 

(6) \'ololilc acid ciirrcrlivn. 10 grams of 
milk arc half neutralised with N/10 soda, and a 
little ]ilK nol|)hthalcin added ; the mixture is 
evaporated to dryness witli fre([iicnt stlmiig, 
taken up with 20 e.e. of boiling water, an<l 
titrated with N/IO soda. The difference between 
volume of N/lO soda used for tlie original acidity, 
and that after evajioralion iimltii>l^d by 0*0255 
gives the correction <lue to loss of niilk-augar 
p.c. by conversion into volatile acids. 

]f the milk has undergone the butyric acid 
fermentation, which is not common, but which 
IS easily recognised, this method gives totally 
erroneouB results, and the methods described by 
Thorpe or Hichniond and Miller (l.c.) must bo 
substituted. 

*(r) Ainmonia corrrriion. 2 grams of milk are 
mode up to 100 c.c. with ammonia free water, 
and filtered clear; the ammonia is estimated by 
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Neaslerising in 10 ^.c. of the dilute solution, the 
standard solution receiving an addition of 10 e.o. 
of a clear solution of 2 e.c. of fresh railk slightly 
a(!idiliod in JOO c.c. of water. The ammonia 
found inultij)lie(i by r)U0xrr2 will givo the loss 
of casein p.c. Tho tliree corrections, of which 
that due *to alcoliol is geniTally by far the 
largest, are added to the solids no! fat to obtain 
the solids not fat in the fresh imik. , 

Richmontland Miller ititrodiice somefuilber 
corrections for lactic acid, aldcliydc taken n]) 
from the ether, loss of biityfic and (it jircsent) 
on drying, and for hydrolysis of the ju'otcins, 
but these, except in H]>ecial cases, are siiuill, and 
tend m oj)posjte direetions; they may be 
omitted, as a rule, wiihoul greatly iifTectjng the 
results, ypccilie gravity of soui iinlk may be 
detemiincd by adding ammonia to tlissolve tlie 
curd, and making a corroclion for tli<‘ densityof 
the added ammojiia {(/. VA’eibrll, Milch.-/a‘il 
ISm, 247, and 413; Itichmond and JHanison, 
Analyst, 11K)0, 2d7). 

Aoulti^rations. 

'J'he pnnci])al adultcraiions jiiaetised are the 
addition of water and ^he removal of cioam. 
Carbonates of the alkalis ami borax, or bone 
acid, formaldehyde', and more rarely, salieyhe 
acid and benzoates, are alsit introduced to keep 
milk from souring. 

The addition ot water or removal of cream 
is shown by the analysis. 

Clause 4 of the »Sale of h’ood and Drugs Act, 
1899, gives power to the I'resideiit of the Board 
of Agriculture to fix limits below v\hieli a pic- 
Biimption 19 raised till the eontrarv is ]>ro\ed 
that the milk is not genuine ; these limits ar4‘ 
8*5 p.c. of solids not fat and .‘I (» p.c. (*f f-it. Jt 
sometimes ha]>ponH that geuiuiie milk yields a 
percentage of fat below p.e. of solids ni»t fat 
(c/. Wuutcrs, Kev. internal. Falsific. 10(I2, b7 ; 
Malpoaux and J)orez, Ann. Agronom. 1991, 44!»; 
and Billitz, Milchw. Zentr. 1905, 113) Rich¬ 
mond (Analyst, 1893, 271) considered that 
genuine milks of tins characti'r contaim-d above 
0'7 p.c. of ash and 0-5 p.c. of nitrogen, but as he 
has himself found lower percentages ot nitrogen 
{Analyst, 1903, 281, and 1910, 231) his views 
have undergone moditication. His present view 
is that normal nulk should contain at least ] 
4-6 p.c. of Jactoso, 0*5 p.c. nitrogen, and ()'7 p.c. ; 
ash, and that abnormal milks low' in solids not ' 
fat should conform to these limits in at least I 
two of tho constituents. j 

For tho montlily variations of tlic composition ! 
of milk, tho daily variations and the variation 
between morning and evening milk, s>'e numerous 
papere in the Analyst since 1882, by Vieth and 
Hicbmond. 

Soxhlet leas proposed the following direct 
test for tho addition of w'ater, based upon the 
presence of nitrates in water and their total 
absence in milk. 

The milk is coagulat-ed by a solution of 
calcium chlonde free from nitrate ; the scniin ks 
now treated w'ith a solution of fhphenylamine in 
concentrated m the same w^ay as with the 

ferrous sulphate test. This test has frequently 
been rediscovered. SzUasi (Ann. Chim. 33) 
measures out 1 c.c. of a solution of diphenyl- 
amine sulphate into a porcelain dish, and adds a 


few drops of milk; nitrates gradually give a blue 
coloration. These tests are not sufficiently 
delicate for pure water. 

Fritzmann (Dhem. Zentr. 1898, i. 218) odds 
formaldehyde and pure sulphuric acid: in the 
presence of nitrates a blue colour is developed. 

Richmond (Analyst, 1894, 83) has found 
nitrates in the milk of cows that received 1 gram 
of potassium nitralc with their food. 

CnrhonivtcH ol the alkalis arc best- deter¬ 
mined by lakmg .7(K) grams of milk and deter¬ 
mining the ('0., in Ihc ash. The ash of pure 
mill; should not contain more than 2 p.c. 

Rone arid is d(4.ccicd by Mcissl as follows; 
Mill 4'.o. uri5 made alkaline with milk of lime, 
ev.ijiorated and incinerated. The ash is dis¬ 
solved in as lit,tic concentrated HCl as possible, 
lillered. ih<‘ lillialc cvaptu'aled to dryness, and 
tiu? llt’l cxjjcllcd. 'J’lie le.snlue is moistened 
with a drop or two of an alcoholic cxtiact of 
turmeric and ovaj'oratod on the watcr-balh. 
Merc tracc.s of bone a<-id give a cinnabar or 
clierry-rcd coloration. 

A more ra))id though less delicate test 
consists 111 nculialising a «juautity ot imlk with 
caustic so<la, using phcimlphthalein as indicator ; 
portions of this are poured into tlic test tul>es, 
and to one an e<(ual volume of water is added, 
and to the fillier an equal volume ot neiitral 
50 }).c. glycerol. In the ])rcscncc of bone acid 
the glycerol tube will be much lighter in colour, 
usually quite white. 

I For a method ol detecting he.nync add m 
milk, Richmond, An.dyst, 1907, 32, 101 ; 
j Revis, ihid. 1912, 37, 330, limks, ibid. 1913, 
.'>.■>. 0 . 25 e c. of milk, or from 10 to 20 grams of 
cream arc heated with an equal volume of 
concentrated liydrochloric acid until the pre- 
cijutatod curd is dissolved. The cooled mixture 
j.s shaken with 25 e.c. of mixed ether and 
petroleum .spirit, the ethereal solution separated, 

I drop of ammonia solution and 5 e.c. of water 
.ad(!(‘(i to it and shaken, the aqueous layer 
separated and tested for benzoic acid wilh ferric 
ohlorido {cf. liivorsecec ami Evers, J. !S('C. Chem. 
Tnd. 1913, 319). 

Salicylic acid is detected by l*ellett by mix¬ 
ing UK) c.c. of milk, 100 c.c. of water at (>0®, 
5 drops acetic acid, 5 drops of a solution of 
mercuric nitrate, filtering off tho proteins, 
shaking with 50 c c. of ether, allowing to settle, 
removing,the other, evajxnating to dr}'neas, dis- 
stjlviiig the rcHiduc in a few drops of w^ater, and 
adding ferric chlonde. The quantity of salicylic 
acid can be approximately known by comparing 
the violet coloration produced with a scries of 
standard solutions. 

Boric acid is estimated (Richmond and 
Miller, Analyst, 1907, 144) by adding to milk 
half its voluiiRS of 0'5 p.c. phenolphthalein 
solution, and neutralising to a faint pink colour 
while boiling ; at least 30 p.c. of glycerol is now 
added, and tho boric acid titrated with N/10 
alkali (1 c.c.=0'0002 gram H3BO5). R. T. 
Thomson (Analyst, 1893, 184) neutralises first 
to methyl orange, and then titrates in the 
presence of glycerol to phenolphthalein. Rich¬ 
ardson and Walton (Analyst, 1913, 140) add 
5 c.c. of a 6 p.c. solution of copper sulphate to 
50 c.c. of tho milk for 10 grams of cream mixed 
with 40 c.c. of water), heat to boiling, and 
' estimate the boric acid in the cold filtrate, by 
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adding 2 c.c. of a 1 p.c. neutralised solution of 
lihenolphthaleiii in alcohol and N/lONaOH until 
a certain blue shade ajipears, glycerol, about one- 
third of the volume is added and the titration 
with N/lONaOH oontuiued until the blue shade 
again appears. 1 c.c. of N/lONaOH=0'()071 gram 
boric acid. In tho case of cream the fat may be 
estimated from the dried copper coapulum by 
extraction in a Soxhlet tube by light petroleum. 
Another method, duo originally to Gooch, 
depends on the volatilisation of boric acul as 
methyl borate by distillation with methyl alcohol i 
(c/. Caasal, Analyst, 1800, 230, ami Hehuer, ibid. \ 
1891, 141). Formaldehyde may be detected by j 
numerous methods, the most simpb' of which is j 
due to Hehner {ibid. IS‘M*, 9-1); when strong 
sulphuric acid is added to milk it forms a violet- 
blue coloration at tho junction of the two 
liquids ill tho presence of formaldehyde, provided 
that a small quantity of an oxidising agent be 
present. Leonard (Analyst, I89(), ir)7)an(lFarn- 
Steiner (Chein. Zeiitr. 1897, i. 133) have shown 
that ferric chloride is the best oxidising agent, , 
and Uosenheim (Analyst, 1907, 10(») has pointed ; 
out that this last is a tryptophan reaction. 

Other tests are tho8(5 of Trillat with dimcthyl- 
aiiilino (Compt. rend. 1892, 891), Richmond and ‘ 
BoHclcy with diphenvlaniirie (Analyst, 1895, 
155), Ridcrtl with Sehiff's reagent [ibid. 1895, | 
158; cf. Richmond and Boscloy, l.c., ami , 
Hchrier, l.c.), Mitchell with Ncssler’a reagent] 
(Analyst, 1897,97), Jcwisscn with morphine (Bull. | 
•Soc. chim. 1897, 17, 107), Vanino W’ith phloro* 
glucinol (Chem. Zoiitr. 1809, i. 710), Gabutli 


This may be done either by mlans of antiseptics, 
such as salicylic acid, borax, or boric acid, &c. 
—the presence of which is highly undesi ruble 
in food—or, as is more generally practised, by 
the agency of heat. For the action of drugs, r. 
Soxhlet, J. Pharm. Chim. 0,118 ; Mayer, Milch.* 
Zeit. 1882, 321. A temperature of tOO® is in- 
sullioieiit to stDrilise milk completely. Dietzell 
found that milk heated for 29 minutes to 105‘’- 
110® only kept sweet for a few w’ceks, whilst that 
heated to 100®-115® for 20 luinutOH (5 minutes 
at 115®) was pcrfcAly sweet 3 years later. 

Duclaux kept milk unchanged for 5 years by 
exluuisting the air from tho containing vessel 
and subsequently heating to 129®. 

Milk can, however, bt‘ preserved unchanged 
by mixing it. with a considerable percentage (not 
loss than 12 p.c. of its weight) of sugar, evapo¬ 
rating to a ecmi-Bolid mass, and excluding the air. 

The first Rnglish patent covering this process 
was granted to j)o llciiiciii 1810. Other English 
patents on cimdensing milk were granted to 
Newton in 1835, Grimwuy m 1847, i)c Lignao 
in 1847. A patent for u vacuum pan for 
evaporating milk was granted to Green in 1813 
(Eng. Rat. 3754). 'I’ho maiiufacturo of condensed 
milk oil a commcreial scale was iirst successfully 
introduced m the Ifiiitod States of America hy 
Borden in 1856. Tho Anglo-Swiss (’o., whicli 
produces tlio larger portion of the condensed 
milk made iii Europe and Australia, was founded 
la 1865-6 

Fleiseliniaiin gives the following account of 
the process of manufacture of condensed millc 


with carbazole (Boll. Chim. Farm. HX)7, 349). lotlh adibtion of sugar. Tlic milk on delivery 

IS weighed, filtered througli a wire sieve, and 

Pbesebvaiion ahd Condensation or Milk. ! «■ ros^voir cominunicaling with tho 

; tank a (hig. 1), tapped into cans 20-.30 inches 
To preserve milk for any length of time at ■ deep. A number of these are placed in the 
the ordinary temperature it must be sterilised, i wator-bath b which is heated by steam from a 



Fig. 1. 


perforated cod at the bottom, communicating 
with the steam-pipe p. (Beside each water-bath 
is a smaller bath for cleaning the cans.) When 
tho milk has attained a torapi^/ature of 87®-94® 
it is transferred to the vats c or d, which have 
false copper bottoms, into which steam can be 
introduced to prevent tho milk from cooling. 
The vat s contains the necessary quantity of 
c«n**8Ugar—12 p.c. of the weight of the milk, hot 
milk is thrown in, stirred, and passed baok to o 
through a filter, and this is repeated till all tho 
sugar is dissolved. 

The milk in o is then sucked up by the pipe o, 
which terminates in a sieve, into the vacuum v 
(Pig. 2). This is a spherical copper vessel, with 
a wooden jacket round the middle and with a 


false bottom, into which either steam or cold 
; water can be introduced. There is also a copper 
coil inside the vacuum, into which steam and 
, cold water can be pafi.sed. a (Fig. 2) is the pij>e 
through which tho sugared milk ii introduced ; 

! B is a sight-hole, hermetically closed with a 
! thick glass plate; c is a thermometer; d a 
' manometer; k a condenser; p the cold-water 
: pipe for the condenser; o the pipe leading to 
; the air-pumps; ii an air-cock; x is an exhaust 
; pipe for tho condensed water; k and L are cold- 
water pipes for clearing the vacuum; m an 
: exhaust pipe for the waste water from the space 
: between the two bottoms ; iff an exhaust piM for 
the coil inside the vacuum ; o a pipe for araw- 
mg samples of milk; p the delivery pipe foi the 
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condeneed milk; a steam pipe for supplying the 
space under the false bottom ; r a supply pipe 
for the coil. On the other side of the vaeunm 
there is another sight-hole resembling b. behind 



Fui 2. 


which a light ia placed, wliilsl the jireirress of 
the operation is eontiiiyally watchc'd thiougli b. 
'flio air-])ump8 are set to work, but no steam is 
passed m until the milk is seen to be hoilirtf/ 
hrifikly \ tho tioriperatiiro is tlion regulated to 
110°. 'L'he prcsHiircr insidi' the vaemnn jh generallj' 
00-100 mm. 

When a sample taken out and cool<-d is of 
the right eonsisUtney, cold water is turned on in 
both the cod and false bottom, aiul after a short 
time tho milk is run out and quickly cooled to 
15°. It- is then ta]>ped into canisters; the 
eovoi.s, whicli are ]>ierce(| wil-h a line hole, are 
soldered on—the heat of the iiperatioii causes 
tho greater jiart f>f t)u‘ lesnliml air to be ex¬ 
pelled , the hole is tlien (juickly aoklered over. 

Various nuKlifications of the above pioocss 
are adopted. In some places, for instance, 
8 ])eeial precautions are taken to regulate tlie 
tera|>erature of the watiT-hatli, and the heat is 
not allowed to rise above ()0°-75°; in others u 
series of ledges are arranged in the vacuum, so 
that the milk trickie.s down from one to the 
other and is more quickly condensed, <‘le., *ic. 
Clrandeau and Kram«'r (.! idiarni. Chim. 1(>, 2('7) 
state tliat at Zurich the adihlnm of sugar is 
made to tlje milk heated to 35°, and tlic tem¬ 
perature in the vaemnn ia iu>t allowed to rise 
above 52°. 

In many cases ])art of the eresm ia removed 
befort‘ condensation. 


Analysis of CoNOHNsaD AIii.k (Swkf-tenkd). 


! Auglo- .\llglo- '(},.rl,t>r 

,]S08t!c Nestle Swisi5 Swiss Cliarn- . 

■ Co. ; Co. ; 


Water 
Fat . 
Aibuminolds 
Milk-sugar . 
Cane-sugar. 
Ash . 


15-30 24-48 24-94 ' 2^-03 | 27 67 23 C 

8 - 85 11 ' 83 ! 8-90 ! 6 - 1.3 | OSS' 9 -« 

9 - 98 10-07 0-68 ' 12-65 116 53 O’f 

' 13-62 11-19 ia -29 ■ 12-60 i 18-20 - 12 i 

50-08 39 95 41*24 , 4r21 30-65 41 i 

;-20 21 


2-17 2 08 1 - 95 ; 1 - 88 ' 


JTor methods of estimating sucrose in edh- 
ddnsed milk, Jolles, Analyst, 1911, 3(1, 28; 
Nowak, ibid. 1912, 450. 


Milk Oondensbd without addition of 8voar* 


III America the milk is filtered, heated to 00° 
or 70°, filtered again and condensed in a vacuum 
at 40°-45° to about ^ of its bulk. A portion of the 
cream is often abstracted before condensation. 

'Phis milk will not keep for more than a few 
davs. Till' milk prepared at Romanshorii 
(Switzerland) keeps ])oitcr, but the process of 
manufactuti- is not kiiow'n. It is believed that 
tlie milk is lie.ited to about 120° in its pre- 
pai.ition, u.-> about ol the albumin is coagu¬ 
lated, w'hilsl 111 orihnaiy (sweetened) condensed 
milk only aboid liall the albumin is coagulated. 
A jnu'tjuii of llic cream is ahstraeteil before con- 
• lunsiition on ai count of tho raricklity which a 
l.irgc amount of fat quu kly occasions. 

SeheriVs procc.ss, winch is in use at Steiidorlf, 
I'onsists 111 lirst sfcniisnm tlic milk by heating 
it (o lOn^ 113° tni i-2 liouis in Kcakd vc'isels 
iindci a inc.-^siii-e of 2 1 atinosplieres. It is then 
coudoiiseil eillior (o ^ iw to | of its bulk in a 
partial vacuum at a Icmpeiature of (i5°-70° and 
11 presKiire of 11 mm. 

Voelcker gives the following analyse.s of 
unsweetencil milk ; 


Wafer . 
hat 

('a.scin . 
.Milk sugar 
Ask 


I. 

11 . 

57-95 

51-72 

in-02 

14-33 

S .59 

11*09 

l(i-32 

li»-51 

2-20 

2*75 


For un actouiit of the inannfaciure of eon- 
deused miltv, milk jiowilers, &c.. and a discussion 
of inethodH of anuly.sis. with special reference to 
Amciican and C'anHili.ni jiractiee, {<e(‘ K. T. 
iMohun, Jour Soe. ('hem. Jnd. 1915, 34, 109. 


K.E1*1I1K. 

Milk does not readily undergo the alcoholic 
fermentation by the action of yeast, though a 
I small amount of alcohol is formed during the 
I lactic fei mentation. 

I In tlie Caucasus a sjx-cjal ferment (kephir 
i grains) is u.scd wliich has tho ]iroi>erty of speedily 
inducing alcoholic fermentation in milk. Keiii 
(Uiol. Zcnlr. 2, 137) found in the grains two of 
tlic organisms of ordinary yeast (tSaccharoniya s 
cnrvisiif’) and a bacillus {I)iK<pora caucafiica). 

Foi- the mauufaciure of kephir, t*. Krannhals 
(J. Fharm. Chim. 14, 191), llucoiiis (Bied. Zenir. 

! 1885, 2bd). 

• The milk-sugar is clianged by the action of 
the grains partly into carbon dioxide and alcohol 
and partly into lactic acid ; small quantities 
of glycerol, acetic, succinic, and butyric acids 
are also formed. The casein and albumin are 
partly peptoiiiscd. 

Kephir is an jgreeable nourishing drink with 
a slightly sour taste. It is best relished when two 
(lays oli and three days after preparation it is 
decidedly sour and stronger in alcohol. 

Konig gives the following average composi- 


t ion of kepiur : 

Water ..... 91*21 

Alcohol ..... 0-75 

Fat.1*44 

Sugar ..... 2*41 

Lactic acid . . . .1*02 

Casein ..... 2*83 

Albumin .... 0*36 
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Hemialbumose . . .0*26 

Foptone .... 0*039 

Total proteins. . . . 3*49 

Aeh.0*08 

A sitapk* method of ijiaking koplur eonaista 
in taking some of the good 3-day8’ (j)d pr(»duct, 
adding 4-5 parts of cow’s milk, and allowing 
it to ferment for 2 days with (Mieasional shaking. 
The c(>aHuin|»tion fd kephir hiis made consider¬ 
able progress, and it is now ttie eiislom to take 
it medicinally, althougli its preparation in 
referonoo to the production <an(l «igni(ieanc*c of 
the so-called kojiliir grains is still ohseure. in 
the (Jaiicasus kephir is ]»rej>ai<‘d Iroiu niillv, par¬ 
ticularly shecji’s and goal's milk, in pecMilmi 
leather pipes (/mrdt;//.-') by iwiiling to it kephir 
grains as ferment.. Struve has investiLMted 
the formation of tins f(*rnieiit. and studied 
Its pi’ojiertiea. Snua- tii(‘ aimnieiitation of the 
kejilnr grains tal.es pl.iee when the milk is kojit 
in leather pipes, their growth must lu'eessarjly 
he affected by the milk constituenis, and 
althougli it was d itrion ininossible to ili-lenmne 
wliat elianges tin' ingiedients consuiin'd dining 
tliis process undergo, it was assumed that the 
substuTices belcmging to the grouji of ]»roteins 
would mainlam their gein'ial typi', to a gieater 
or l(‘ss degree. JOO parts of the grain diied in 
t he air gave : 


Waler . 


. 11*21 

k'at 


. 3 99 

I*ej)times soluble in 

water 

10-98 

Froteina soluble iii 

ammonia 

11-32 

l*roteins soluble in 

jHiiush 

. 30-39 

In.soluble resnluo 


. 33-11 


On digesting the insoluble residui* in a dilute 
solution of potasii and subjecting it to micro- 
scopical exainmation, it slmwed an intimato 
mixture ot yeast fungi with the bacteria de¬ 
scribed by kern under the name of Dmpoia 
cuiirnsiut. Struve eoneluilcH that only 33*11 
p c. of the total substaneo of the grams con¬ 
stitutes the active teriiient. With kephir grains 
of the ahov<‘ composition a drink is prepareii 
which, according to Podwisozky, contains only 
tnvees of alcohol after 2-1 hours’ Imt.tling, whilst 
in 48 hours it becomes brisk and contain* a cou- 
aiderable amount of alcohol, the latter inftreasing 
still further after the lapse of anotlier 24 hours. 
On Bubjei'tmg the tlireo drinks characterised 
by the difference in the duration of 4io ferinen- 
tation to analysis it was found that allboygli 
the percentage of casein was tlie same in each 
case, the latter was not completely soluble in a 
mixture of dilute ammonia and potasli. in the 
solution ot the casein of the kephir of one 
day’s fermentation only traces of a precipitate 
were observeil: the kephir 2 days old gave 
0*05 p.c. and that 3 days old <^22 p c. of residue. 
Microscopical examination of the residucB 
showed that yeast fungi only were present, 
bacteria or other forms of fungi being entirely 
absent. From this Struve infers that- the 
fermentation of the milk is dependent upon 
the growth of the yeast fungus {Saccharomycc-^’ 
mycoderwui, Mycoderma cerevum et nni) con¬ 
tained in tlie kephir grains, whilst the bacteria 
Dispora caucaatca take no active part m the 
fermentation. This conclusion is confirmed by 
the fact that the finiahed kephir is capable of 
fermenting fresh portions of milk. From the 


results of this iuveatigati(>n**Struve concludes: 

(1) During the fermentation the yeast fungus, 
under the influence of the power of vegetation 
and ot osmotic laws, enters into animal as well 
j as vegetable lissuep, and disposes them to a 
variety of changes. 12) The development oi the 
yeast fungus m the interior of oigHiuc tissues 
m.iy, under favourable cotiditioiis, assume the 
character of a special process of fcrmontnlion. 

(3) 4’he efTect-s of such a jirocess are increased 
when the evolution of caibon ihoxide is re¬ 
tarded. {1) Ammtil tissues mto whieli the yeast 
fungus has entered exlnhit iti sugar solutions as 
will as in milk all appe.ir.uiei'S of vinous fer- 
meiitatioii. 'I'hey eaii therefoii' be u.sed instead 
td k<‘pliir grams for the jiieparation of k(‘|diir. 
(5) '(’lie formation of the k( |)hir feinieut is t he 
iMiuse of a peeuhur growlii of the yeast fungus 
Within the tissues of (ho leather jiipes during 
the [iroces (tf h iinenlation, its fungoid form 
Ix'ing due to the ilevidopmeiit of curlsm tU* 
oxide, (ti) 'rjio hacteiia ((/uroMca must 

l)e regarded as residuea of iibnls of tlie (issues 
Ilf dm leal lier pipes (Her. 17. 13(14 ; J. Soe. Cliem. 
hid 3. 

Milk 1’ovvuhu. 

• 

l>y eva[)oratiiig condeusi'il milk in a vacuum 
chamber it is reilueod l,o a stdid form. Many 
])aients Iiiivi' be<m taken out for drying milk; 
.Just ami Matmuker use rollers heated by 
steam above (he ti'ni|H‘iature of 100'’, the 
milk being fed on (.o them at such a rate 
that it is nearly <iry by the time that (ho 
adluwing iilm reaches knives toiiciung the sur¬ 
face' (if the lollers, that riimovc it continuously. 

A small fjuantity of alkali is added to render the 
milk jiowdcr soluble in water. 'I'he rollera may 
be surroiiudcd by a jacket througli which a 
cuirent of air passes, or from winch the air is 
exhausted, m w'hich case (he temperature of 
the roIJiTs IS not so Jiigh,’ and a more soluble 
product IS obtained. 

Under tlie Htauf, MeiTcll Souli', and Devenot 
de Novell patents, milk is sprayed through small 
oTili'-es umler piessuie, into a large chamber 
Ihroiigh winch warm air is jiasserl; evajioratimi 
takes plac(', and the solid milk falls in very 
inmuie particles; tins method produces a very 
soluble jiowdcr, w'ltlmut (he adilition of alkali, 
and the tat does not separate in oily globules, as 
it does from milk powders preparad by other 
methods. Milk powders projiared from skim 
milk keep well, but thosi- coiilaining the fat liave 
a tendemty to turn rancid or tallowy ; this is 
piirlly <lue to oxidation, a large surface of the 
fat being exposed to the air, and partly to the* 
action ot the neutral enzymes of the milk, 
which arc not destroyed at the temperatures 
employed. 

The following are ty]ncal analyses of milk 
powders: 

Ml»k 1*10- Mineral 

Bustgnatiuii Moisture ]<'at sugar teliis matter 

Btirichod . 1'4 Sli'S 33-8 22-8 S-2 

Fullcroam 4'7 2U-2 35-7 24-8 5-« 

Half cream 4''J l(i-4 43-6 28'6 8-U 

Siam . 3-4 2-1 64-5 31-8 8'2 

Whey . 2-7 0'7 7l)-5 14-0 8'1 

• j 22'B I 

Sweetened I'll 17'7{caneBugar}15'6 3'C 

I 38'H I 
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•Cream. 

On allowing milk to stand, tho fat globules 
rise to the surface, and form a layer on the 
surface; under the influence of gravity the 
rate of rise of the fat globules is slow, and 
tho whole ^of tho creanj cannot be obtained 
before the milk turns sour. ccnlrifugul 
force the rate of motion of the fat globules 
can be much increased, and practjcnlly the 
whole of the cream removed; the modern 
cream separator consists of a^?tcel howl rotate<l 
at a high rate of s])(‘ed revolutions 

per minute) wliieh the milk is fed by a 
central inlet tube ; from this it passef to a si'iies 
of chambers (usually forrmal by a iiumlnr uj 
conical discs^—the Alfa device), in wliieh the 
heavier portion—the skim milk—passes to tlie 
outside of tht‘ bow I, while the lighter fat globules 
collect in tln^ (;entre, and escape W an outlet at 
the top of the bowd, the skim milk f)eint» removed 
from near the jierijiliery by a series of tubes oi a 
sjH'cial chamber, and diseharged at a lower level 
l'rovi«i<)ii is made by an adjustment of the ercaiii 
outlet for varying the jiroportion of skim milk 
and cream removed, and thus the thickness of 
the cream. 

Qualitatively cream baa the same comjiosition 
as milk, but differs quantitatively in eonlaiiung 
a very much larger percentage of fat; the 
other constituents, except those soluble in tlie 
fat (lecithin), or those existing in the sobd form 
(the cellular elements) are depressed m propor¬ 
tion to the increase ot the fat. 

Clotted or Devonshire cream is prepared b> 
sotting milk in pans, and when a layer of cieain 
has risen to the surface, heating on a watcr-baih 
nearly to boiling; the cream is removed on the 
iollowing day. As evajioratioii takes place from 
the surface, not only is thi' piTcentage ol fat 
raised, but the non-fatty solids ar<‘ proportKin- 
akdy high. 

CoMPOSlTTo^ OF Mammalian Milk. 


.Sj>er. Ag. 1804, 015; Sauvaitre, Ann. Chim. 
Anal. 11)02, 143). The refractive index is 
higher, and decreases as lactation advances and 
free fatty acids are present (Carter and Rich¬ 
mond, R. M. J. 1808, 199). 

Sugar. According to Radenhauaen (Zeitsch. 
Chein. 5, 13) and Denigbs (J. Pbarm. Chim. (v.] 

I 27,413), the sugar of human milk is lactose ; tho 
I last author, however, states that there is another 
I carbohydiale w'hieh modifies the pro]>ortie8, 

I whilst Dciiig^a finds a second dextrorotatory 
earbohydrate present. Carter and Richmond 
{!*■.) give the speciiic rolatoiy jxi-wer as 48‘7°, 

; a.mi stale that it cryHlallises in ibomboid plates ; 

' they eon.sidei that' more than one sugar is 
i jire.sent. 

j Proteins. The casein of liunian milk, 

! tbougl) closely related, differs fi 'in that of cow’s 
milk ; it is not curdled by rennet, does not 
; exist in combination with calcium phospliaU', 

I ami 18 throwTi down by acids in a very finely 
I divided state. Dogicl (Zeitsch. (!bem. 9, 591) 

■ attributes this to the small amounts of salts 
I jiresent; if the salts are raised to the standard 
; of tow's iiulk, the casein comes down in flakes. 

: Ivobiak (I’lluger’s Areluv. 1900, 09) says that 
i it IS less aciil, and by repeated precipitation 
I with acid and solution m dilute alkali, a product 
I like tho casein of cow’s milk is obtained; he 
I consideis it as a micleo-j)rot(‘in phn histon or 
I protamine. Lcdimann and Jlempel (I’lliiger’s 
i Arebiv. 1894, 50, 558} find 1'09 }).e. of sulphur 
! and 3'2 p.c. ash, as against 0-72 and G‘47 pc. 

■ respectively in the casein ol e"w'8 milk. Sikes 
j (J. riiysini IflOG. 404) give?* the piojiortion of 
^ (ki to proteins as J’Of): 100. Wroblew'ski (Dies. 

' Renie, 1894) also finds more sulphur, and states 

that no nuclein is present. Abderhalden and 
! Schittenhelin (Zeitsch physiol. Chem. 1900, 

I 458) find that whilst bmlogical tests show that 
j the casein of human milk <bffers from that of 
I tlio cow, the proportion of amino-acids is very 

■ similar (c/. also Tungl and Czokas, Pfluger’s 
i Arcliiv. 1908, 534; also Abderhalden and 



Water 

Pul 

Sugar 

Casein Albumin 

Ash 

Cow 

87 25 

3-75 

4 75 

3-00 0 40 

0 75 i 

Woman 

88-20 

3-30 

(>•80 

i 00 0 50 

0 20 1 

Goat 

8604 

4 63 

4 22 

3 40 0 86 

0 76 1 

Sheep 

81-31 

6-80 

T) 23 

4 62 1 00 

0 ‘18 1 

Buffalo 

82-63 

7-oi 

4 72 

3-54 0 60 

0 90 

Male 

80-80 

ri7 

6-89 

1-84 

0 30 i 

Ass 

90-12 

1-26 

0-50 

3 32 0 34 

0 46 j 

Mule 

91i50 

1 59 

4 80 

Ttii 

0-38 ! 

Bitch 

76-44 

0-57 

3-09 

6 10 5 05 

0 73 ' 

Cat 

81-03 

3 33 

4-91 

3-12 5-90 

0 68 

Rabbit 

69*50 

10-46 

1-06 

16-54 

2-56 

XJama 

86-65 

315 

5-60 

3-00 0-90 

0 80 

Camel 

86*67 

3 07 

6-59 

4 00 " 

0-77 

Elepliam 

67-85 

39 57 

8-84 

3 09 

0-65 

Sow 

82-.34 

6-71 

4 97 

5-96 

1 02 

Porpoise 

41*11 

48-60 

1-33 

11-19 ^ 

0 57 

Whale 

48-67 

43-07 


7*11 

0 46 


Human Milk, • I 

Human milk differs in important particulars ! 
from that of the cow. It is not curdled by 1 
rennet, appears thinner, and contains more ' 
sugar and less proteins. 

Fat. The fat of human milk contains a very 
much smaller quantity of volatile acids than 
that of cow’s milk, and a larger amount of ufl- 
saturated acids (Laves, Zeitsch. physiol. Chem. 
19, 3G9 ; Ruppel, Zoit. Biol. 31,1; I’iizi, Staz. 


Langsiem, Zeitsch. physiol. (Jhem. 1910, 8, find 
no difference in yield of amino-acids). 

VVroblcwski [ibid. 1898, 308) states that the 
amount of opalism [q.v.) is abundant in human 
milk. •C^amerer and Soldner (Zeitsch. Biol. 
JvS98, 277) find 40 p.c. of unknown protein in 
human milk. The ratio of protein nitrogen to 
total nitri^en is 0’S8 (Cameror and Soldncr, l.c.), 
0‘9J (Munk, Virchow’s Archiv. 134, 501). 

Salts. Human milk contains only about 
0*03 p c. calcium and U'029 p.c. (Sikes, l.c.), 
or 0'044 p.c. P 2 OJ. according to Stoklasa 
(Zeitsch. physiol. Chem. 1897, 343); of the PgOj 
0-012 p.c. belongs to'the proteins (Sikes). 
These quantities are very much lower than those 
found in cow’s miik. (ktnc acid is present. 

Gftses. Kulz (Zeitsch. Biol. 1895, 180) finds 
O 1-07-1-44, CO 2 2-35-2-87. and N 3-37-3-81 p.c. 
by volume. 

Enzymes. Oxydase does not appear to be 
normally present in human milk, but there is 
much catalase, which is destroyed at 75® 
(Jolles, Zeitsch. Biol. 1903,248). A^roteoclastic 
enzyme is also found. B^champ (Compt. rend. 
76, 836) describes an amylolytic ferment. 

Composition. —T-he most extensive studies of 
the composition of human milk are those of 
! Leeds (CSiem. News, 60, 263, 280), Pfeiffer (J. 
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Pharm. Chim. 13, 163), Carter and Richmond 
(I.C.), Ijehmann and Hempcl (l.c.), Szilaei (Chem. 
Zeit. 14, 1202), Camerer and Soldner (Zeitsch. 
Biol. 1896,43 and 535), and V. and J. S. Adriance 
(Pamphlet Ab.str. J. Chem. Soc. 1899, ii. 115). 

It in difficult to deduce a mean composition 
from the results, as human milk appears to 
undergo a progressive change of comj»o8ition; 
the table below is an abstiact of the results of 
the observers: 

Total I’ro- 

Date from birth solids Kat Sugar teins Ash 
Iflt day (colostrum) JT)’? 3‘1) 4*0 8-3 0-4 

Istweek . . 12‘9 3-5 6*1 3-0 0-3 

2nd week . . 12-35 3*35 6 0 2-15 0-25 

3rd & 4th weolis . 12-1 3-4 6 75 1-75 0 22 

After let month . Jl'8 3*3 (»-S 1-5 0 2 

The fat is tlie most variable of the consli- 
tuents, the maximum found being tbOo (!’.) and 
themmiiniira0-47 (C.an<iTv.). Forster(Ber. 14, 
591) states that the last portions drawn from 
the lowest arc richer than those preceding, J-71, 
2-77, and d-.l p.c. being found in three successive 
samples. Carter and Richmond, however, find, 
from the exammaiioii ot 37 samples taken 
before suckling and 37 afti'r, that there js little 
ditferenee in the fat; m 1.5 cases tlie f.vt was 
highei, and in 21 eases lower, while in one 
(where the reaction was execssivi-) ilic comiiosi- 
tion before and after smdvUng was identical. 
The maximum dilTen (with a veiy dejicK'nt 
Ruj)))ly) was shown in a (“asi* where O'OS p.e. Avas 
fonnei liefoio suckling and 4 07 p.c. after. The 
cases lit wliiih Iho fat was found higher before 
HuekUng generally occnrietl when tlio mother 
was lying down, and hem e it would seem that 
the separation of en-am was largely mechanical 

When lactation is cslablishetl the sugar 
usually vanes between ti and 7 p.c., tliougli 
Carter and Kielmiond record a sample coiituming 
8-89 p.c. and the proteins bi-iween 1 and 2 p e. 

i?eacfio/o —Human milk always a})pears 
alkaline to litmus, jiud the a» idity to pheiiol- 
pbtbaleiri averages 3 c.c. N acid p('r litre. 

Healthy clnldien of both sexes discharge, 
from their seventh to their twelflli day from 
birtii, a white secretion from the liMuist (//o^oi- 
milch), which resembles human milk in edmjiosi- 
tion. 

Milk op othkr Animals. 

Mare’s milk is white, sp.gr. I-Oijp (1-034- 
1-036). Jt is much sweeter than cow’s nii^k, 
but contains leas tat and proteins. Mare’s milk 
is distinguished from all others by its small 
amount of fat. 

Koanmt^ is a vinous liquor made by the 
Tartars by tho formontatum of mare’s milk. 
It is a white, sweetish, effervescing liquid, some¬ 
what sour when old. The •sugar gradually 
dimimshes with ago, whilst the alcohol and the 
lactic acid increase. 

It is prepared by adding 1 part, of old koumiss 
to 10 of fresh milk, and warming for 2-3 hours 
to 20*’-25°. Carbon dioxide then comes off, and 
the liquid is bottled and left to mature. (For 
manufacture and analyses, r. Victh, Analyst, 13, 
2; L. V. S. 31, 353 ; Riel, J. 4, 166.) A similar 
preparation in imitation of the true Russian 
koumiss is made in Switzerland and in this 
country from cow’s milk by adding a small 
quantity of sugar and yeast to skim milk; it 


; contains more sugar and I^a lactic acid than 
I old Russian koumiss, and on account of the 
■ much greater proportion of casein contained in 
' cow’s milk differs considerably from that pre- 
' pared from mare's milk (Phil Trans, riii.l 1. 861. 

' 888 ). 

H. Suter-lsaof (Bor. 5,286) gives tRe composi* 
tion of Swiss koumiss (sp.gr. 1*1286), manu* 

' frtcliired at Davos, as follows; 

! 

I In 100 grams Per litre 

Water . .* 90*346 , 1019*64 grams 

Alcohol . 3*210 . 36*23 „ 

Lactic n(Mil . 0*190 . 2*14 „ 

yugar . . 2-105 . 23*75 „ 

Albuminates . 1-860 . 20-99 „ 

Butter . , 1-780 . 20*09 „ 

Inorganic salts 0*509 . 5*74 „ 

Free cai'honic acid 0*177 . 2*00 „ 

For observations on the changes and action . 
ol Russian koumiss «. Jagiclski (l^harm. J. [iii.] 

1, 861, 8S.5); J, T. (Jeorge (Phil. Trans, fiil] 3, 
544}. 

Ass’s milk is wink*, and sweeter than cow’s 
milk. S|tgr. between 1-023-1-035. 

It leadily tiirn.s acid, and easily undergoes 
Ici-iiuml.itmn. {Forcomjipsition.t’.Table,p.380.) 

Goat’s milk is white, of insipid, sweetish 
l.istci ami pi'i uliar ddoui. It is a little richer in 
sdlids than cow’s milk. Sji.gr. 1-030-1-035. On 
<-oagulaUon its c.isiun fonim thick clots. (For 
comjiosition, ?>. Tabh', p. 380.) 

Sow’s milk, i'elersen and Uekhen (Biod. 
Zentr. 1897, 711 ; and Milch.-Zoit. 1896, 655), 
Henry and Woll (Ann. Hep. Ag. Exp. Stat. 
Wisconsin, 1897, 10), ami Woll (Exp. Stat. 
Record, 1900, H4j havi- examined t he milk. The 
average <.'(»m]iusition is 

Solids 

I'al. Sugar Proteins A^li not fat Sj) gr. 

6 71 4-97 5 96 1-02 11*95 1*0389 

'I’lic lat vanes from 2-4 to 12-1. 

Sheep’s milk. Besana (iStaz. y|M*r, Ag. Ital. 
1892, 572), Hucho (Landw. Jalir. J897, 497), 
Trillat and Fore.sticii ((!ompt. rend. 11K)2, J34, 
1517 ; Ann. (3iim. anal. 1992, 321 ; Bull. Boc. 
eliim. J993, 29, 286), Vizzi (Staz. Bjier. Ag. ital. 
1894, <»15; Flci.sehiminri (Book of tlio Dairy, 
1896, 5(i). Mean composition : 

Solids 

Fat SuKar Proteins Ajih not fat Sp rt. 

6-86 5-23 5*52 0-98 11*83 1*0385 

Buffalo’s milk, F. Btrohner (Zeitsch. Nahr. 
Genussm. 1888, 88), W. Flcischmann (Book of 
tho Dairy, 1896, 57), A. Idzzi (Staz. Sper. Ag. 
Ital. 1894, 615), Windisch (Zeitsch. Nahr. ^ 
Gcriussm. 1904, 273), Leather (Analyst, 1901, 
200, Indian Buffalo), J^appel and Richmond (J. 
Chem. Soc. Trans. 1891, 246, Egyptian Buffalo). 

• H. D. R. 

MILK-SUGAR. The manufacture of milk* 
sugar was ouginally started in Switzerland, and 
18 carii(‘<l on iii other countries in Europe, 
notably in Germany and Sweden. 

In the (Jcririfiv .sy-ylum the whey is neutralised 
with radk of lime and condensed about 60 p.c, 
in a vacuum pan to 30“ or 32®B. The thick 
syrup is run into shallow vats and occasionally 
stirred during the first 10 hours. In about 
2\ hours’ time the temperature should be about 
20“. To separate the crystals the sticky mass 
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is mixed ^vith oolA wiitcr and centrifuged and 
the lactose crystals are washed in the drum. ; 
Two-thirds of the milk-sugar is extracted in this 
way, the remainder being left in the eyrup. 
The latter is heated to boiling, the coagulated 
albumen skinimocl off, an<i the liquid again 
oonoentratbd in vaevS to After eonling, 

the lactose is separated and well washed, from 
0*3 to ()‘7 l).c. being reo(»vered. About 4 ]).e. 
of raw milk-sugar is obtained from tiie wliey. 
'J’o remove albumen, traces of fat, Ac., the crude 
lactose is dissolved in water at 4r)'’ to make a 
syrup of 15®!}., which is heated to boihng-point 
alter the addition of 1 ji.e. of jimvdered charcoal 
and (t'2 p.c. of aoelu; acid It is then passi'd 
while still hot through a liltei-pH'HK, and the 
clear syritj) eonceiitiated tn v<icv6 to 35®!}., 
«TV.M(allisocl, an<l the milk-sugar scqiarali'd, 
washed and dried in rotary inclined cylitHh'fs 
or 111 vacuum dryei’s. After coi^ling the dried 
milk-sugar is lincly ground jii a jiebble mill, 
and packed in cases containing lU0-2tt0 llis 
The jKU'ccntage of reliried sugar obtained Irom 
whey 18 2‘5-2*ti p.c. 

'i’he Siredinh syslan eonsists in scalding fresh 
whey, skimming otf albumen aivl fat, and 
evaporating to one-t)nrfl of the original volume 
111 an open eheeso-pan. It is further concen¬ 
trated in mcu6 at. <> 2 ® to a suitable consistency, 
and the product inn into large enamelled pans 
with slow rotary stirrers. It cools ■ttiiliin 4K 
hours to 2.5®. Oystalhsing and relimng lollow 
the German method, with the execjilion tliat 
some alum is added to the decolonriseil solution 
of milk-sugar helorc tiltration (J. Pedeisen, 
.1. New Zcalund J.)ept. of y\gric. J. Soc. (.'liein. 
Ind. 1013,247). A'ce also Lattvn, art. (■Anno- 

IIYDRA'I’ IC.S. 

MILK-TREE WAX, COW TREE WAX, r. 

Waxes. 

MILLERITE. Nickel sulphide NiS, crystal- 
li.scd in the rhombohedral .««ystejn. The ehaiac- 
tenstic form of the mmeial is as extremely 
delicate hairs and needles (oc. enormously 
elongated prismatic crystals), usually ivith a 
radiated grouping, but sometimes loosely 
matted together like a wud oi hair. On this 
account it was early known as capillary pyrites. 
The colour is brass-yellow w'ith a bnght mctalhe 
lustre; sp.gr. 5'ti5. It is found in devices in 
nodules of clay-iron-stone in the coal-measures 
near Mertli^’r Tydvil m South Wales and in the 
Saar coul-basin ; with ci»i>]ier-ore8 m seveial 
mines in Wcstplmlia and Na-^sau; •uith Inema- 
tite in the .Sterling mine at Artwerp. New 
York; as velvety, fibrous, encrusting masses 
with pyrrbotile in the (lap mine in l..aiieuster 
Oo., I'ennaylvaiiia; and abundantly in quart'/, 
near Benton in .Salini' <’o., Arkansas. 

L. .1. .S. 

MILLET.* A name souK'wliat loosely applied 
ti' many species of grasses, growimr in tropical 
or siib-tropica! countries. As examples imiy be 
given tlie following:— 

Great millet. Sorghum wlgarc (I'crs.). Other 
names given to varieties of this plant arc dliuiTa 
or durra, African millet, Kaflir corn, millo maize. 
American broom corn and joar. 

Little millet, Panicv7n miltarc (Lam.). 
Common millet or Indian millet, Pavidm 
milxaccuui (Lmn.). 

Texas millet, Panicum texunum (Vasey). 


Sauwa millet, PanicumfrumciUaceum {Roxb. ). . 
Japanese broom com, Panicum Vru.'i-gnUi 
(Linn.). 

Golden or Italian millet, Srinria iialka 
(Beauv.). Varieties of this constitute German 
millet or Hungarian grass, Japanese millet, 
Boer manna, and (Jalifornian green moha. 

Pearl millet, PennisHum tyjihoRdeum (Rich.). 
Also known as Egyptian or cat’s tail millet. 

Polish millet, Pammm satu/vinale (Linn.). 
Koda millet, Pa-^ipafum ficrobiculntum (lami.). 
3he seeds of some varieties are used as human 
fund, also 111 the preparation of certain fermented 
drinks, and as food for horses, cattle, and 
poultry. Ifroom corn is so called because its 
seed heads, after being dejmveil of the seed.s, are 
emjdoycd in making brooms. The whole jilanis, 
cut green, arc employed eit lu'r as green loilder, 
or liay for farm animals. 

Many of the millets grow to a height of only 
2-4 feet, but Beail millet sometimes attains (i 
feet, w'hile great millet or Kaffir corn reaches 
8 or even K) feet. 

'i'ho following analyses, many fd them by 
Cduireh (Kood (jrams of India, Jh8l> and 1801), 
will serve to sbow tin* Composition of the see<ls 
of many ‘ millets.’ 

Pro- N-lici; (iiuilc 

SiH'cies \\;it(T (cm Put extuictlibrc Ash 

Sorghiun vulijaii . 12.5 0•3 2 0 72 3 2 2 17 
„ ftui'ihamiutu 12‘8 11'8 3'U 08 3 3'0 I'l 
Pinnibttum 

hjphoxdi H)ii . 11'3 10 4 3‘3 71 ."> 1‘5 2'0 

S(Unia ilahca ^ . iO'2 lO'H 2'0 7.}‘4 1-5 1'2 

PauK iii/i nnh'irr . jO'2 O i 3‘0 (iO'O 4-() 3 5 

„ niilniainii^ 120 l2-(. 3-(> (50*4 I'O 1-4 

,, fntnuntacaun J2'0 8 4 3 0 72'5 2'2 I'D 

„ .sunguinalc . 13 4 J4 0 4 J »>4-5 I'l 2’0 

/(mnaw . (V) 4 7 2 1 47 1 23'2 (?) 

Pay pulum 

xcioluculalinn * 11'7 7’0 2 1 77*2 0 7 1*3 
‘ Rangoon millet ’ . 12'4 KHi 3 1 70-3 1-4 2 2 

‘Millet’ . . J2-0 IIT 4-5 50-5 7-5 4*5 

Dluiira . .11 5 0-0 3*8 70-1 3-G 2-0 

Soruhum viili/arc . 15-2 0-3 3-3 UB'O 2-5 1*7 

i’earl millet'- . 0-2 12-0 5-1 08-5 2-1 2 2 

The various nullols are largely used as fodder 
jiiantsJ but cases of death among animals fed 
ujioii young plants (of SoHjhvm in particular) 
have been numerous. It. lias been show'ii by 
JJunslaii and Henry (I’liil. Trans. 1002, A, 399) 
that the^oung leaves and shoots of Sorghum 
mtigiiK cojitaui a glueoside ,dhun which readily 
hydrolyses by the action of an enzyme also 
present in the plant, yiehiingp-liydroxybenzalde- 
hyd<‘, rf-glucose, and iiydroeyanii! a<‘id. Briinnich 
((’hem. I'ioc. Trans. 1003, 788) obtained as 
; niticli as 2-44 grains of hydrocyanic acid from 
1 lb. of green sorg^uini at 5 weeks old, correspond¬ 
ing to 13*38 grams per 1 II). of dry matter. Tlie 
^ amount lapnlly dimini.sljes as the plant grows; 

; at 0 weiks old, the same sorglium only yielded 
0 2n giain )ier 1 lb. of green material (0*70 
grain Ht’N per 1 lb. dry matter). 

, ifrunmeU w as also able to detect hydrocyanic 

' aeid in several other varieties of millet. 

Wiilaman (J. Biol. Cliem. 1017, 29, 26) states 
! th.it hydrocyamc acid is present in sorghum 

^ Tlie samples were deprived of their husks before 
. niiiilysis. 

^ A sample grown in South Africa, liighly prized as 
food for ostriches. 
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not only as the glucosidc, dhurrin, but in anothoi- 
form. He also finds that leaves subjected to a 
low temperature contain more hydrocyanic 
acid in both forma than ordinary leaves, thus 
oxplaitiing and confinniiig the general opniion 
that young sorghum ia especially poisonous 
after a frost. 

When aufhcicntly grown, however, the 
various millets afford good fodder, and the 
stnaller varieties, nutritious and palatable hay 
The following are analyses of some millet hays 
grown in the 'I’ransvaal:— 



Boer manna . . 7.2 4 j‘5 43 (* b !) 

Oolden millet . . 7 ffU*! I'O 2U-r) 41 0 <) :> 

(liihfornian green molia S b 10 5 1 '2 35 0 3r>‘() l)'3 
•lap. broom corn , O-H 1-2 38‘8 IU‘H S s 

II. J. 

MILLON'S REAGENT I'. Aljuiminoids. 

MILORY GREEN. Chromf (inru r Vm. 

MEHTS. 

MIMETITE or MIMETESITE. 

.'irsrnate of load 31*bjA«i_.<)„ ]d)(.'!2 or 

T'bdPW’lKAsO,). 

ctystallised m th<' iir\ugon.il H\slcm and iso- 
morphous with ii[ia1il.c anti pyumioi [iliite. If 
IS so named, from fxif.nTlis, an iniilator, because 
t>f its close T’eseml*lanec to jiyromoipliile ('/.?.), 
Irom which it can be distinuinslieil oidy by 
chemical tests. It is })robal)lc that some of the 
material that has been imnetl as ‘ bitiwn lead- 
i»rc ’ lias included inirneiite as well a.s pyronun- 
pbiio. The nniK'ial f)ft<*n oemtrs us well- 
(b'velopcd hexagonal jirisins. with a yellow to 
brown colour, rarely (iuit(' colourless and 
transjiarcnt, and with a resinous lustic. Sj) gr. 
7’(1-7•2"); JI. 3^. A variety (adled nuilnhilc 
contains mueli vanadium, replacing arsenic, 
thus forming a passage to vanadimte. iSimilarly, 
by a replacement of arsenic by phtisphorus 
there is a passage to pyromorphite. Curved, 
barrel-shaped crystals, to which llie name 
ctiDii’tilUc has been a|)phed, were foinu'rly found 
in considerable abundance «t Dry (rilU ncni 
(5ildbeck in Cumberland. The best cfystals 
have been found at Johanngcorgenstadt in 
Sa.xony and Tsumcb in 8outh-\^'est Africa. 

L.,l. S. 

MIMOSA V. Bkimuun i: ani> ns Derivativki. 

MIMOSA BARK v. Tannins. 

MINASRAGRITE. A hydrated acid vanadyl 
sulphate V2(*i'3»S03*JbH2(> or 

n',O2)Hj(S0j)3-!.7iI,O 

crystallising in tin- monnelinic or lin-linic system. 
It is readily soluble in cold w*ter. As a blue 
efflorescence on patronitc it is of abundant 
occurrence in the vuinatimm mine at Minasragra, 
near (’(^rro de Pasco in Peru. It is an alteration 
product of patronite, and actually forms on 
museum specimens of this mineral. 

L. J. H. 

MINERAL ACIDS. Acids of inorganic 
origin, e.g. sulphuric, nitric, hydrochloric, phos¬ 
phoric, &c. 

MINERAL ALKALL A term originally 
given to soda in .contradistinction to potash, 
which was termed the vegetable alkali. 


MINERAL BLUE. Anltkrp blue v. Pig- 

MENT8. 

MINERAL CAOUTCHOUC. Syn. with Kin- 
leriic iq.v). 

MINERAL CARBON. A7ilhrac\lc v. Pdkl. 

MINERAL CHAMELEON. Sodium or poUm- 
sium inam/anah v. Manganese. • 

MINERAL COTTON. A name given to slag- 
wool. 

MINERAL GREEN. Scheel<-'f< guev. Hydro- 
ciipru- urwvHi' (UiHAsOj p. Ahslnio. 

MINERAL INl/lGO. A name given to the 
blue oxide <>1 molybdenum r. Moja'iidenum. 

MINERAL KERMES. Amorjihous antimony 
sulphide oontuining tin* tiioxide (a. Antimonv). 

MINERAL OILS v. Pi'-tuolkum, 

MINERAL PURPLE. Kinple of v. 

(JOLI). rURPLE. 

MINERAL TALLOW. Uokhrilnu-, A 
A'liiK'ty nt loisul irsm or wax rescinbling dysoilil, 
o/;oKcnt(‘, A i'. 

MINERAL TURPETHUM. Mm u> tc ,sa/. 

/'/adr V. Ml noruv. 

MINERAL WATERS v. Aehateo watekh ; 
also Wateh 

MINERAL YELLOW. A (enn occasmually 
given to li'ad oxychlondi-s win-n used as pig¬ 
ments V. Lead. 

MINERVITE. A hydrated ]»hoHphale of 
uluiuinmm and alkahn ot somewhat vuriablo 
composition but peihajis 

2AIPU,,3K,NU„li)3PO^-7iH2U 
!t fi>rms snow-white, earthy oi pulverulent 
masses, with sp.gr. about 2. I'toiling water does 
not c.vtract inoic tlian a trace of the alkalis, 
but the matenal is soluble in a solution ol 
ammoiijum citrate. It occurs as beds, reachiug 
a metro in tlutiknc.ss, in caves witli liat-guano 
and animal remains. When first extracted it is 
jihistic. ('outaiiung potash and ammonia in 
addition to phosplionc acid, it is a valuable 
fertiliser. 'I’hc following analyses arc of material 
from each of the localities from which the 
mineral has been recorded : f. Minerva grotto, 
Fatizaii, dep. llifrault, France (A. Carnot, 
i8!)r)). 11. 'rour-Cunibc.H grotto, Mxssorgbiii, 
Oran, Algcna. III. A basalt cave in the St. 
Paul district, island of Rdunmn, Indian Ocean 
(F. Pisani, quoted by A. Lacroix, 1910). IV. 
.Icnolau Caves, Mew South Whales (J. C. il. 
Miugayc, 1897). V. Valmeritc from Monte 
Alburno, Salerno, Italy (F. Casoria, ^904; also 
SiOj 0-3fb Na,0 0*02). 


I’jO, . 

37-28 

IJ 

35-17 

Ilf 

42-70 

IV 

40-85 

V 

37'10 

AIjO, . 

18-59 

1818 

2P(K) 

20-59 

22-89 

i-’ejO., . 

0 83 

— 

2-90 

0-19 

M7 

('n.0 

1-40 

0-31 

— 

— 

trace 

MkO . 

9-33 

trace 

— 

— 

trace 

KjO . 

8-28 

5 SO 

1-20 

j8-{»5 

8-04 

(Nil,)..0 

0-52 

0 18 

3-47 

... 

0-00 

11,0 . 

28-20 

28-30 

29-80 

27-79 

29-10 

insol. 

4-35 

J i -00 

“ 

1-09 

— 


99-78 

99 80 

101-07 

i>9-4li 



L. J. S. 

MINETTE. A French miner’s name of local 
origin now applied both to on igneous rock and 
to an irori-oro. It was mentioned by fiiie dc 
Beaumont in 1822 (Ann. des Mines, 7, 523) 
and by P. L. Vuliz in 1828 as being applied to 
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a rock rich in niiJa met with m an iron (hema¬ 
tite) mine near Framont in the Vosges Mountains 
(Alsace). Possibly, however, there was here 
some confusion, for it seems more likely that 
such a term (evidently a diminutive of mine) 
would bo used by the miners for the ore itself. 
Nevcrthelbss, the name is now firmly established 
in petrographical literature for one of the ‘ mica- 
trap ’ members of tlie group of lamprophyres, 
a group of dark-coloured, line-grained rocks 
occurring in igneous dykes. In this sense 
minette is now defined as consisting essentially 
of orthoclaso and biotite. Such a rock contains 
40-00 p.c. of silica, besides the typical occur¬ 
rences in the Vosges, it is hmixl in Odenwald in 
Baden, as dykes radiating from the Shap granite 
in the nortJi of I'Jnglaiid, and at many other 
places. It is occasionally used locally for road- 
metal. 

I'he name rainette is also uHcd locally for a ' 
jiarticular type of iron-ore extending over a j 
wide urea in Lorraine, Luxombiiig, and the j 
I'Vencli department of MeurtlK' ot-Moaclle. This • 
is a yellowish or reddisli-biown oolitic limoiiitc ! 
forming extensive beds and lenticular masses, j 
lO-fiO moires thick, intcnsl ratilietl with hmo- 
stonoB, shales, A’c., of jlurassic age. The giains j 
of limonite, inoasiiring ^-1 mm. across, aie ' 
cemented by ealcito or ferniginous clay. In 
some of the lower lieds the ore is greenish or 
bluisb-l)laek, and at limes etrongly magnetic, 
though still Avith an oolitic stnictuie. 'I'he 
grains hero consist of chamosite (also known to 
French mineralogists as berthi^Tine), a hydi-aied 
silicate of aluminium and iron (FeO about 
40 p.e.) belonging to the chlorite group and 
closely ailicil to thunngiic {q.r.). This uas no 
doubt the original mineral, Avhicli by oxidation 
and hydi'ation gave rise to the limoiutic ores. 
The ore contains Fe .'10 40, Cat) 5-14, iSitt^ 5-20, 
and 1-2 p.e. 'I’he output in 1012 amounted 
to 44 million tons of oie, and the losorves 
approach 5000 million Ions. L. J. S. 

MINIUM V. Lead. 

MINJAK-LAGAM r. Oleo-rbsins. 

MINJAK TENGKAWANG Borneo 

TALLOW. 

MIRABILITE. A nimeral consisting of 
(lecabydrated sodium sulphato NajSO^.lOHjO, 
crystallised in the monoclinic sy.stem, and 
identical with the artiticially-produced Glauber’s 
salt or scd^mirahle of Glauber. It is deposited 
in abundance by the waters of certain lakes and 
marshes, particularly in and regions and during 
the colder months of the year, lii the Great 
Salt Lake of Utah, when in Avintcr the tempera¬ 
ture falls below a certain point, the water assumes 
an opalescent appearance due to the separation 
of sodium sulphate os a crystalline precipitate. 
Under favoui’able circumstances the shores of 
the lake bcoome covered to a depth of several i 
teet Anth crystalUaed mirabihte. The material ! 
is collected into heaps beyond the reach of the ■ 
waATP, otherAvise with rising temperature the 
whole ileposit rapidly ilisaiipeara. Enormous 
quantities of the material are here available. 
Analysis gave: NajS04 42‘33, H^O 55-7b, 
NaCl 0-03, CaS04 0*27, MgJS04 0*02, insoluble 
0-77 p.c. (G. P. Merrill, The Non-mctallic 
Minerals, 2nd od. New York, 1910). Extensive 
deposits of very pure mirabihte are also found 
in the dry lakes at many localities in Wyoming 


' and Oalifomia, and also in Roumania, Siberia, 
I and Chili. Mirabihte is deposited on the floor 
' of the Karaboghaz Gulf (Caspian Sea) during 
' the winter months, whilst during the summer 
; the deposit consists mainly of sodium chloride. 
; Masses have been found on the shores of lakes 
in the Antarctic. The mineral also forms 
bedded deposits with gypsum and rock-salt in 
Austria, Sicily, Spain, &c. In Spain it is of 
wide distribution, being specially abundant in 
the salt deposits in the neighbourhood of 
Cicmpozuelos, to the south of Madrid; an 
analysis of this material showed Na2SO4,10H2O 
9H-99 p c. It is of rare occurrence in the 
Prussian salt deposits ; and in England a single 
j occurrence has been noted in gypsum beds of 
I’ennian age at Kirk by I'horo m Westmorland. 
Since from solutions rich in sodium chloride 
mirabihio is formed only at temperatures below 
its presence fixes a maximum point on the? 
thermometer at wliieh these deposits ’were 
formed. The mineral also occum as an efflor¬ 
escence in limestone caves (c.c/. the Mammoth 
Cave in Kentucky); and has been formed by 
the action of volcanic gases on sea-water (c.// at 
Hawaii). Although nnrabilite is ot abundant 
occurrence, very little use appears to have been 
made of it, except locally for tanning and soap 
making. L. .1. vS. ' 

MIRBANE, ESSENCE OF. A trade name 
for nitrobenzene as used in perfumery. 

MISPICKEL, Arsenopyrite, or Arsenical 
pyrites (Get. ATHnikkiei>). A mineral consisting 
of iron sulpharscnide FeAsIS, erystallismg in 
the orlhorhomhie system, Tiie crystals arc 
usually quite simjile in form, being bounded by 
j a longer or shorter rinnnhic prism and Icrmiiiateil 
• by dome faces. 'J’Ik'v are iHomorjihous with 
marcasite \VliPu not tarmshed. the 

! materia] is tin-Avhitc in colour AAith a brilliant 
i metallic lustre. Sp.gr OT ; hardnessO. Granular 
, and comjiaet masses ar«^ frequent. A colmlti- 
ferous vaiicty (4-iO p.e. cobalt replacing iron) is 
knuAvn as damile. The mineral is sometimes 
highly auriferous, and it is then a valuable ore 
of gold, as in New Soutli Wales, Califoi-nia, and 
Alaska. 

Mispickel occurs chiefly in nimeral-veins. 
Large quantities arc found in the silver-lead 
veins of Freiberg, Saxony, ami in the tm veins 
of Cornw'all and Devon. White arsenic is 
obtained as a by-product when these ores are 
rpasted. L. J. S. 

MITIS GREEN. C’oppcr aceto • arsenate, 
Schveinfurlh green v. Arsenic. 

MITRAGYNINE An alkaloid 

found in tbi? leaves of Mitragyrie apeciosa, a tree 
found in the Malay States, Borneo, the Philippine 
Islands, and New Guinea. An amorphous 
colourless solids distilling unchanged at 230“- 
240“/5 mm.; m.p. 102°-106“ Forms a crystal¬ 
line pierate, acetate, and trichloroacetate (Meld, 
('hem. Soc. Trans. 1921, 887). 

MITRAVERSINE C^„H2.04N, (?). An alka¬ 
loid found in Mitragyne diverstfdia. Crystal¬ 
line; m.p. 237°. Slightly soluble in boiling 
; water end in sodium hydroxide solution. Forms 
a hydrochloride; rhomb-shaped leaflets ; m.p. 
20H''-210°. 

MITTLER’S GREEN. Syn. with QuigruVs 
green, art. Chbomipm. 

MOCHA-STONE v. Agate. 
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moir£e METALLIQUE. The term given 
tn the variogatiKl ai’borescent or crystalline 
appearance on the surface of tin ]il.itc pn*- 
duced by heating tlie plate and applying to it 
some dilute /vfiio i><iia for a few seconds, washing 
it with water, drying <vnd coating it w itli lacquer. 

MOISSANITE. N.itnrally occurring carbon 
silicidi? t\Si, crystallised in the rhonibohedial 
system, and identieal with tlu' atlihci.d prodml 
known as c.irhoi iinduiii. As minutis green, 
hexagonal ]>latcs, assoi latcd with iiucrosco|uc 
diamonds, it was delected h\ lli'iin Moissan 
(I8d2 -1!K)7) in the meteoiii mm of Cahon Diablo 
HI Arizona. J.,. J. S. 

MOLASSES r. SiHiAR 

MOLDAVITE oi BOTTLE-STONE. A glissy 
substance of a clear liottle-gri'cn eoloui toiind 
as curiously niarketl and julterl pebbles in tlie 
gravi'Is of the Moldan river m ImiIuiuui and in 
<jth<‘r si reams in liohejiiia <ind M«u.uia. ISpgi 
2'3h ; if. .7*,. It <-oiitains "ft Nit [• e of silic.i. 
Analy.sis ot a speumeii Irom Tiibit^-eh in 
.Moravia gave : SiD. Si 21, Al.D, 10 2:{. FeO 
2--l.‘i, (’aD 2 10, Mgt) l-os, Na./(i 0 4:1, loss (ui 
ignition OO-F-OO.M. Fnder the names ot 
‘ pseudo-< liiysoli(<-' and 'w.iO r < lu vsoiile.’ tins 
mair'iial is ociasionaMy < iii -is a gi-m-stoiuc 
.Similar glasses, known as ti'ktilcs, lulht<mitcs, 
and aus(.ialil<‘s. aie iouiid in othei |)aits of the 
Worl.l. d'hei*- lias b.cii miuli djsenssioii as to 
their oiigiii : some icgaid tliem to be vobainu; 
gl.iss (obsidi.iii), wild-.! otlieis asset! them to be 
ot nieteorie oligm The liolieiiu.m stones have 
beiui thought to be.utitici.d pr’oduds, nami'ly, 
the relics of an aiicu'iit glass m.ikiiig industiy. 
(id/ -J'' F. Sucss, .laliib. (leol Itcichs.inslail, 
Mien, 10 0. oO; iMitt.tJei.l (d'scll \\ k'm. 1014, 
7. 51 ; (;. j‘. Mcrnll, I'-uIl. U.S. N.it iMus. lOK), 
No. 04.) L. .1. S. 

MOLERA. A hc.il-insiilatiiig matciial pio- 
duced in Swc<h n Itv nii.\ing a kin<l ot line clay 
found (U' the jslaud (d Mois with tork-dust .uid 
tiling the liiicks so made. 

MOLYBDENITE or MOLYBDENUM- 
GLANCE. A mincial (^oiiHisling oi molylxlcmnn 
diHiiljdiKh; .MoS^. (•|•ys^.dhsl^;': iii the lorrn ot 
six-sided seales oi sb<u‘t pnsnis, the system of ; 
crybtnilisation hcaiig posstlily liexagonal. ^'I’liere ! 
IS a pcricct cleavMgi; jiaralh l to tlie has*-, and ! 
the lamina* are very flexible but not. eiastu; | 
'riic mmeral is very soft (il.- I), seelili', and' 
greasy to tin- toin h, and it ii'.idily marks pajici. i 
The eoh ur is lead-grey with :i bluish flnge and i 
a mi‘talli(; lustie. iSpgi. 4 7 In its scaly toifti 
and general appeaiaiiee niolybdomle b«‘iirs a 
striking resimblanec to grajilnte, diffeiing from 
this, howevi: in the bluish tm/i:e ot its coloui. 
It la, of eoursi', jH'udily distinguished from 
graphite by it.s greater den.sity ami by its 
chemical reactions. 'J'he nanie molybdenite 
(from /u<i\t»/8Sos, load or F-ad ore) itself bears 
witness to the confusion betwe(*n this mineral 
and black-lead or plumbago (giapbite), and, 
indeed, the two mmeiuls weie not distinguished 
until ycheele in 1778 obtained moJybdio acid 
from one of them. The nam<‘ jordisite {F. 
Cornu, IhOD) has been given to a black, powdery, 
colloidal form of molybdenum disuljihide, found 
in the Himmelsfiirst mine at Freiberg in Saxony, 
and considered to be distinct from the crystalline 
mineral. 

As isolated scales disseminated through 
VoL. IV,—2’. 


I crj8ta^|i|o rocks of various kinds (granite, 

I pegmatite, gneiss, marble, d’c.), molybdenite is 
i of wide distribution, though usually only in 
j small amounts, and often m iiss.iciation with 
j wolframite. It is also found in metallitcmus 
I veins and in quart/, veins. In buiall quantities 
, it has be«-n won by mmiug at A4len!)eig in 
.Saxony, near Flekkefjord and Fgerhuiul in 
Norwav, Kingsgat<! in New Soutli Wales, at 
Ihimfonl and W'otfiam Camp in the Clnllagoo 
imiung dl^tl let III North t,>ueen8laiid, in Canada, 
and in lli<‘ Slate,-#ot Washington and Arizona. 
It i.s liie immipal .source of imilybdcnuin, and 
is iiseil tor tlie pie]iaratit*n of ammonium 
mol\l)(late ami other compounds iMuployed in 
the laltoi.dorv ; foi the |U‘epaiation a lino 
hliie pigment tor dyeing tahiies; and for the 
niaiiiilactiiie of b-rio-molybdemim, whieli. eom- 
bimd with i}nom‘--sl<‘<-l, gives a sell-har(h*ning 
pi'odiiet, espiTially suitahU* for high-speed 
toots Mol\iHhumiii steel is used for rifle- 
hariois guns, ptopi llci-shatls, wire, tV'c. 

t)<<unenee ami uses of molyb* 
(lemim oi'cN. Ihili. Iiii)). Inst. lltOH, <>, I8]-Iftl. 
A. W'. (J Wilson. Alnieiat Imluslrv. vol. 25 for 
ItUd, New \oik, Ihl7 Da molylMh-iute in 
iisltinii: W F t'anu'Miii, (uol Suivey, 
Diieeiislaml, No.*188, F. (’ Ball, ibid. 

\ Ihlo, No. 218. Ill .Vmc S‘>iith llah-v: F. (:. 
'.Andrews, (teo! Sm v ey N S.W. Mm. Resources, 

I I'.Hti, I’libl. No. 21 111 'I'lr iinniid : F. ililks 

and Jj. F. W atci house, (h'ol Survey, 1’asniama 
'Mill. Resoiirei's. N<i. I. In Canada: 

It. F. Walker, Dejit Mines, Ottawa, IhJl, 
Rubl. No. q;F In /'..S'.I ; F. W. Jlorton, 

I Molvhdi'iium, its oies ami their <-om'entration, 

: U.S Bmeaii of Mines, Bull. Jll ; F. F. 

Hess, L'.S. Ceol. Survey, Mineial Kesoui’ces. 

! In h'anrai/: F. IF Wo.iki's, 'rrans, In.st. Mm. 

. Melall l!M8. In the Special 

Jtejioils on the Mineial Resources ot (treat 
, Britain, Mem. (d-ol. Sin vey, Jttld, voJ. v. 2nd eel. 
Jhl7. U. J. S. 

MOLYBDENUM. Sym. Mo. At.wt. mbO 
{SeulM'it ami Follaid; Muller). This metal, 
till; pieseme <d which in molybdeinti* was first 
pointed out by Sclieele ill 1778, and which is 
said to have lieen isolated by Hj<-ljn in 17hB, 
iH gioujied under Memh-lccfs classilicalion wnih 
chioimiiMi, limgsten, and uramiini, hut, from 
the tedinnal jioiid- of view, it may be regarded 
as a memla i ut a group <il ht avy nmlals, im iud- 
mg eoluinbiuni, tantalum, tungsten,* uiaiiium, 
and vanaibiim, whndi oceui in tlu- oldest jilutoiue. 
ror ks and selusls, and wbn h are capable of 
impaitmg sjieeial properties to steel when added 
to it in extieiiiely small pioportions. 

MolyI)denum owes its name to the word 
Tiwli/bdaiia, under wlmdi title most minerals 
resemliling lead in ujqiearanee W'cre formerly 
known, ami its nature and value n'cre for long 
so little recognised that its jirineijial souicc, 
the sulphide (MoS^ v^as fieqiiently passed over 
by the prosjieetoi as being merely graidiite, 
which it closely reHemblcH. 

Molybdenum oeeuis in tuoli/bdfinte MoS^, 
wnlfcinlr TbMoO^, and mohjbdde {molyhdic 
cH-hn) Fe^(Mo(),),7U4iD, ami in the extremely 
rare minerals porrellitc MotJ^, hdune/iile MgMoO^, 
and palt.raile FeCofMo)!)^. It also occurs in 
small quantities in other minerals containing 
the rare heavy metals of the same group, but 

2 0 
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is probably more aii accidental occurrence than 
an essential constituent. llsemanUCf another 
extremely rare mineral, has been deacribod by 
H. P. Vance {Chem. and Mot. Eng. liUS, 19, 
18G) aa a blue compound, soluble m uater, 
having the composition MoO 24 MoOs, 0 H_.O {ftec 
almJ. Soo.'Chcm. Ind. October, 1918). 

Practically the whole of the worhi'a produc¬ 
tion of niolybdeniiiu metal and its oorapouiids 
is obtained from molybdenite, although a 
notable amount of wulfonite is mined annually 
(chiefly in the United States)'and treated com- 
mercially. Molybdenite is found in many 
localities, but the chad sources are, in order of 
importance, Australia ((^ueenslaiul and N(!W 
South Wales), Norway, Caaad.a, .lapan, and tlie 
United States. Its occurrence has also bemi 
reported in Bolivia, South Africa, New Zealand, 
&o. The world’s production is jirobably under 
300 tons of concentrates ]>er annum, but is 
increasing. The Mineral Industry, J918, con¬ 
tains a useful summaiy on the oceurrence of 
molybdenite, and E. It. Woakes deals fully with 
Norway in 'I'rans. Inst. Min. and Met. Itlis. 

Until within tlu* last tew years, ijuvlybdenite 
was ehielly ]>rodii(:e(l by hand-picking from 
pegmatite and other granite rock.o, and from 
schists in which it oeimr^i as sparsoley distributed 
flakes resembling high-grade giaphiUi in a])pcar- 
ance and geneial physi(;al properties. Jt was 
formerly only purchased when of high quality 
(90-95 p.c. M 0 JS 2 , eipiivalent to .54-57 p.c. Mo), 
and commonly by inspect ion and not on as.say. 
At the present time, Ihii demand, although 
somewhat irregulur, i.s incrc<i.sing, and it is 
purcJiasi'il on tlie usual commercial basis of so 
much ]ier unit {i.e. ])er cent, per ton) of MoS^ 
with a gimrantee of not more tlian very small , 
amounts of arsenic, bismuth, plmspliorua, anli- i 
mony, or copper. 'I'lio limit fix^-d for these 
objectionable inqniiities is always subject to 
special agreement, and largely dcjteads upon the 
supply available at tlie time of jmrchasc. The 
usual grade of concentrate is 75-85 ]).c. MoS^, 
for which the Ministry of Munitions during ilie 
war fixed the price at 105.s. jier unit in England, 
w'hieh is very near the price ruling before tlie 
war. This price was fi-xed by arrangement 
between the Imperial and Colonial Governments, 
an exception lining made in the case of Canada, I 
whore advantage was allowed to be taken of I 
the higher price ruling in the United States. 
Partieularfy in Norway, where the prices have 
been abnormally avtiticial siiu^e the war, very 
low-grade deposits have been worked containing 
aa little as 0'3 p.c. MoSg. The irregularity ot 
supply no doubt lestrictB the use r>f molybdenum 
in the steel industry, and, on tlie other hand, 
the uncertainty of demand docs not encourage 
the systematic working on a big scale of tin 
low-grade d'^posits which occur in enormous 
quantities in Canada, Australia, the United 
States, and elsewhere. 

The majority of the larger deposits of molyb¬ 
denite now worked are low in grade, ranging 
from t to 24 p.c. MoS^. Concentration by 
shaking tables is not applicable to the ores, as 
the flakes of molybdenite float to a large exte.nt 
on the surface of the water and are lost in the 
tailing. When the flakes or crystals occur in 
sufficient 8 i/.o, a high-grade concentrate can be 
made by merely crushing the ore coarsely on 


rolls and screening the flakes on a sieve; the 
losses are heavy, however, owing to the more 
I finely divided mineral passing with the gangue 
j through the sieve. Practically the only method 
j of concentration applicable on the commercial 
I scale ]s that of oil (and possibly water) flotation, 

I by winch means a very liigli recovery of the 

■ M 0 S 2 iH commonly obtained. When associated 
1 with other sulphides, such as eopjier, bismuth, 

I ordinary iron, and arsenical pyrites, a selective 
J flotation of molybdenite can be successfully 
j efiooted w'lthin limits, but in the case of some 
j ores, ( (J. the molybdenum-bismuth ores of 
: Queensland, even 111 tlie best practice the molyb- 
^ denitc iMUuentrato may contain up to 5 p.c. 

I bismutli. Diieet roasting—volatilisation has 

recently been suggested as a means for the 
cnneentralion of low-grade inolybdenile ores, 
the volatili^ M(»()j being sublimed and condensed 
in flues. 

Metallie molybdimum may be prc'parod by 
n'dijction of molybdic aci<l M 0 O 3 , or, preterably, 
of ibo less volatile oxide MoO^, with carbon or 
by the alumino-thermic ])rocoss, or by beating 
the oxides or chlorides in a current of hyilrogen, 
or by the, diiect reduction of the suljihide by 
j carbon m the electric furnace. 'J’lie usual 
I method for producing jmro molybdenum is to 
I roast the molybdenite to oxulo, dissolve in 
I ammonia, filter, drive off tlio ammonia, and 
i reduce the resulting oxide by means of hydrogen 
m an eleetnit resistance furnace. The produc- 

■ tion of ductile molybdiTiiim is earned out in a 
j similar manner to that of tuiigsti'n. For the 
; inanuf.icturo of sjiccjal st- cls, molybdenite is 
! almost invariably used in the form of the ferro¬ 
alloy. Ferro-molybdeiium is piodiieed by the 
diiei t reduction of molybdenite, in the electric 
furnace, in admixtuio with <‘arbon and hmc : 

2MoS2 + 2CaO+:iC-2Mo-|-2CaS ■\-2Vi>-\ 
Sometimes iron oxide is also added. Uednetion 
by means of silicon metal or ferro-eilicon is said 
to have been adojited in one Amoncaii works : 

MoSaT Si —Mo-j-SiSa 

Lime is sometimes added to ludp to slag the 
Buljihur as calcium sulphide (R. M. Kc'cney, 
Bull. ^Amer. Inst. Mm. Eng. August, 1918). 
'rhe usual commercial ferro-molybdenum con¬ 
tains from 80 to 85 p.c. Mo, 10 to 15 p.c. iron, 

; 2 to 4 p.c. carbon, and OT to 0'5 p.c. sulphur. 
The rca(^iness willi w'hich carbides are formed 
pl-obably accounts for the high proportion of 
carbon first present in tlie metal and alloy, 
necessitating the dc'^ai biinsation witli medyb- 
denum oxide or (m the case of the ferro-alloy) 

I with a lime slag and oxide of* iron. When 
j wulfemte is the srurce of supply, the mineral, 
I which usually contains from IG to 20 p.c. MoOj, 
is fused with sodium carbonate and carbon for 
j the jiroduetion of a lead bullion and a sodium 
j molybdate slag. Ferro-molybdenum is made 
I by smelting the slag in an electric furnace with 
I iron oxide and using bme as a flux (B. M. 

’ Keeney, l.r.), 

I Molybdenum, produced in the electric 
I furnace, is brittle, and hard enough to scratch 
j glass, properties due })robably to the presence 
! of carbon in the form of a carbide. As obtained 
I by the reduction of the oxide by hydrogen, it 
j is a grey powder which, on heating, sintering, 
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and swaging at a high temperature, becomes a : 
silver-white metal having a sp.gr. of about 10. j 
Its m.p. 18 2450‘^±.‘10® (Pirani and Meyer), 2410° 1 
(Uuertier and Pirani). i.e. between jdatinum and ; 
tungsten. 'J’he worked metal is malleabltr and j 
ductile, and is sufficiently soft to be liU-d and : 
polished. Similarly to tungsten, it may be drawn ; 
into fine ivire which has appnixiniately iiulf the ■ 
tensile strength of the corresponding size tjftung- , 
sten wire. Drawn molybdenum wire has a re¬ 
sistivity of 5 0 microhms per c.e. at 25^'C. {temp, 
coetf. d’005). Annealed wure has tlie value of 4 8 
microhms. The specific heat of molybdenum is ■ 
0-072 at93°C., 0-074 at 2H0''(;.,andO-O72 at 440®( !. i 
(Ihdacqz and (Juichard, Ann. (’him. 1001, 24, 
130). Molybdenum is unaffe<’tcd by air or water 
at ordinary temperatures, but is slowly oxidised 
by steam or when heated in pres(‘ncc of air. It 
ia attacked by tin* liulogeiis and by m(»st acids 
and fused salts, cstMcially oxidi.smg salts,'sm-h 
aa nitrates and ciilorates. llydroehloiie acid 
haa but little action, and sulphuric acid attacks 
it only when hot and concentrated, (larbidcs 
are formed by tlie action of methane or carbon 
monoxide on the metal at a red heat. 

The chief Use of molybdenum is, in con¬ 
junction W'lth chromium, manganese, and other 
metals, in tlie manufacture ot special steel, such 
as arnnmr plate and projectiles, gun and ritle 
linings, permanent magnets, projiclh-r .■-halts, cVe. 
It is not now used to any extent m high speed 
tool steels, luit is said to form a constituent of 
the new' cobalt-chromium cutting inuterial. l'’or 
tlio influence of molybdenum on iron, .sec 
L. fTiiilhd, Tiev. Met. .July, liH.)4 : J. O Arnold 
and A. A. Head, Inst. IVtcch. Kng. November, 
1015; and Sir K. A. Hadficid, ifud. , A. II. , 
Hunter, Am. Iron and Steel Inst., May J, 1021. J 

The effect of niolylKlciiuin m steel is usually 
stated to he similar to that of tungsten, except 
that it IS from two to four times as powerful. 
Lt IS a quesiion, however, if sulheicnt research 
has been carried out to enable it to be said that 
the one metal is replaceable by tlx- other. Very 
little work has been done to detcrinine the 
effect of molybdenum, wlien alloyed with non- j 
ferrous metals. The pure metal is used in tln' 
fot 111 of wire as a lilanient support in incaride^jcent 
electric lamps, and ui elcc tncal contact making 
and breaking dences in X -ray tubes, and for a 
winding for electrical rcsistaneo furnaces. Its 
use has also been suggested as a sub.sti^te for 
platinum and pall.idium m jewellery, rialts of^ 
molybdenum are used for a number of pur- 
jioscs, one of the most important being aiiyiio- 
niuin molybdate used as a laboratorj^ reagent 
and, it is sank as a preservative for cordite. 

W. G. W. 

CoMPOrNDS OP MoLYBlfENUM. 

Oxides. Molybdenum forms a series of 
oxides, which, during their formation in solution, 
often show changes of colour through various 
shades of blue to black or violct-black. The 
following are the best known oxides 

The sestjuioxide MojO,, formed when one of 
the higher oxides is treated with sodium amalgam 
or zinc, is a black powder, which forms black or 
dark grey salts. These salts give black or dark 
purple solutions when concentrated, but on 
dilution, the solutions become transparent and 


of a purple tint. They ha^ a styptic taste, 
oxidise sonrowhat in the air, and are precipitated 
by alkalis forming the brownish-block hydroxide 
Mo(OH)j (Muthmann and Nagel, lier. 1808, 31, 
2000 ). 

Molyhdi/uim dioxide MoO^. is formed by 
heating tlio scsquioxide iii nir or by Heating the 
trioxide in a current of hydrogen at 470° and in 
other ways (Guichard, Coinpt. rend. 1800, 120, 
722; ibtd. 1000, J3I, 008; Enedlieim anil 
Hoffmann, Her. 1002, 35, 701 ; Chapman and 
j.aw, Analyst, 1007, 32, 250). It is a brown or 
violet-brown cryatallinc powder, which, like the 
other oxides, is reduced to metallic molybdenum 
when heated at 000 ° in liydrogi'U. H gives 
unstabl (5 saUs, the conccnlrated solutions of 
which arc black, hut turn, siicccssivi'Iy. bluish- 
green, greenish-yellow, icd and yellow on dilu- 
tnui. The hydroxide Mo(()H )4 is dark red and 
forma a yellow ir led i-ollonlal 8 olutii»n in water. 

Uloli/hdcnum Inoruh MoO« is uaually found 
with molybdenite and oecuis aa molybdic oehie, 
cither a.s an eartliy jniwder or incrustation, or 
in erystallinc masses of sji.gr. 4-(500 at 20"/4°. 
It is obtained by roasting tlie jiowdcrial mineral 
with (jiiartz sand, treating tho mass with 
aminouia, and altei ri'inoving imjiurities, 
converting the amiiKuniim molybdate thus 
formed into the trioxide by decomposition 
and (evaporation with nitric acid (Wohler, 
Aniialcn, IHhti, lOO, 37(); Muthmarui, ibtd, 
1887, 238, 117 ; Knir. Tat. 5821, 1000). It is a 
white powder, which bei-omi's yellow on heating, 
melts at 701° to a yellow liquid, and readily 
volatilises in the air ((JroKchuff, Zcitsch. anorg. 
(3icm. 1008, 58, 113). Towards strong acids the 
trioxide ads as a base (Guii-hard, Coinjit. rend. 
1005, 143, 744), but generally it behaves as an 
acid forming oxide. 

Molybdw aeid il 4 Mo ^()5 or MoO;t' 2 H 2 () 
(Mylius, Her. 1003, 30, 038; Kosenlii'im and 
Herthcim, Zeitscli. aiioig. Chem. 1000, 50, .320; 
(rialiain, .foiiin. Franklin, Inst. J{HI7 l<i3, 00) is 
obtained as yellow crusts, and forms colloiilal, 
or, according to M'ohlcr and Fngisis (Zcitsoh. 
ICloktnsdicm. 1001, 10, 003) seini-collpidal solu- 
tion.s (Graham, t'hcin. Soc. 'J'rans. 1804, 32(»; 
Sabaneeff, J. Hush. Fliys. (’hem. Hoc. 21, 515). 
When reduced by indallic molybdenum, in 
neutral or faintly acid solution, the blue oxide or 
molybdenum molybdate is formed, but if tho 
solution is strongly acid a brown oxidp appeals 
(Guichard, l.c.). 

Tho normal molybdates arc unstable and 
readily form polymolybdates by uniting with 
further molecules of the trioxide and also w'ith 
other acidic oxides to form a largo number of 
complex molybdates (Wompe, Zeitsch. anorg. 
Chom. 1012, 78, 208). For the constitution of 
the para-molybdates, see Copaux Compt. rend. 
1913, 16l>, 1771. A largo number*of alkaline 
and other molybdates are known, some of which 
arc used for the production of pigments and dyes, 
in pottery glazes and in analytical work. For 
complex molybdates of the rare earths, see 
Barbieri Accad. Lincei, lOiJ, [v.] 20, i. 18, ibid. 
1916, [v.l 25, i. 775. 

Molybdenum molybdate (molybdenum blue or 
molybdenum indigo) is obtained by reducing 
molybdic acid as above or with other reducing 
; agents or by adding a cold dilute hydrochloric 
acid solution of molybdenum dioxide to a 
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similar solution of ammonium molybdate and 
washing with sodium chloride (Ouichard, Compt. 
rend. 131, 3H0, 410). Its H<.lubility, and 

possibly its cornjKJsition, depend on the inode 
of formation (Klason, Ber. 1001, 34, IfiH). It 
is said to form a useful, though somewhat 
expensive/ jugment for india-rubber (Gummi 
Zeit. 1003. 17, 418). 

Phoff-phomolybdu acid flTPOpl'i.MoOj is 
formed by treating its amtnonnim sidt uitli wjua 
retjia (Einkcner. Her. 1878, 11, 1038 ; Kehrmann. 

‘ Ber. 20, 1811 ; Levi and S|>elfa, (iazz. eluiii. ital. 
1003, 33, I. 207 ; Miojati, ihul. ii. ,33')) is em¬ 
ployed UH a reagi'iit lor alkaloids. Its am- 
inoimim salt is a canafv-vi’llovv erystaltioe 
jiowdor almost insoluble iii water and in dilute 
acids consisting of a variahh' iinxtuie ol di- and 
tri-ammonium plios])lioinolybda1os, aeeordiiig 
to the comjiosition of tlio uiumoiuinn inolyhdati' 
solution used (Posty'iiak, Gonipt. rend. I!t20. 
0,30). 

Fermohihillr and ILMoOgj H^O is an orange- 
red amorjihous jiowdm’, foinnal by l.reatiug the 
trioxule witli hydrogen ]>eroxide {Mulhiimnn and 
Nagcd, lx. 1830); a number of periiiolybdates 
have been pre])are<l. 

SulpbiddS. Moh/lidi^nutfi 8C'‘^qt(ii>iilp/ndr Mo^Sj 
forma ateel-grey needles of »]> gi. .^’O at lo'^, and 
IS obtained by Inaiting the <lisiilphi<le in llie 
electric furnaec (Guiehard, (!oinpt. rend. IIHKI, 
130, 137). 

Molybdenum di-sulphiili MnS.^ oceiiis native 
aa rnolybdi nilc in foliated scale.s or in tabular 
hexagonal prisms, and can he obtaiiual artitieially 
by fusing the trioxide w itli huI|i1iui or by heating 
it in Hulpluiretted hydrogen. It is \erv similar 
to graphite m appearance, ]>ossesHmg a melallK! 
lustre and a lead-grey colour, but it is incoin- 
buatible m the blow|U|)c. Jt is oxidisinl with 
evolution of suljihur dioxule when heati'd m tlie 
air, and when triiated vith nitric a< id or aqua 
nyut. 

Molybdinum ln»uljdndc MoS„ ohtameil by 
the action of aulpliuretted hydrogen on a eon- 
eentrateil moIylMiate solution, is a blaek-bioau 
})Owder, which combines with basic sulphides to 
form thiomolylalcnum salts (Aniialen, 1884, 22,5, 
1 ; Hofmann. Zeilgih. anorg. Chem. 180t), 12, 
55). Molyiidcmnn tetra-.sulphulo and thio- 
molybdic acids are also known. 

Halides and other compounds. Molybdenum 
foniis a .large number of halogen, mixed and 
double luilogeii, and oxylialogen salts (Mutli- 
mann and Nagel, /.r.; (luiehard, (’oni])t. rend. 
1896. 123, 821; Bull. S-w. ehim. BUM, |in.J 
25, 188 ; Ktason, lx. 148; Nurdenskjold. Her. 
1901, 34, 1.572; HuJT and Kisner, ilnd. 1997, 
40, 2926, 3931 ; Rosenheim and Kolm, Zeitseh. 
anorg. chein. 1910, 66, 1 : Kojipel, ibui. 1912, 
77, 289). Molybdenum combines with silicon 
to form silitides {Vigouroux. Compt. rend.. 1899, 
129, 1238; Defaeqz, dnd. 1907, 144, 1424; 
Bull. Soc. chini. 1908, [iv.] 3577 ; Trans. 

Electro. J. 1906,9, 105 ; Honigschniid, Monatsh. 
1907, 28, 1017) ; with boron to form borides 
(Tucker and M(»ody, Chem. Soc. Trans. 1902, 
16; Binet du Jassonneix, Conijit. rend. 1906, 
143,169); with carbon to fonn carbides (Moissoii 
and Hoffmann, ibtd. 1904, 138, 1558); and 
with carbon monoxide, forming a carbonyl com¬ 
pound (Mond, Chem. Soc. Trans. 1910, 708: 
Mond and Wallis, teiem. 1922, 29). 


I Molybdenum cyanides and thiocyanates and 
I their complex salts with a number of organic 
I eom])ounds Imve been prepared (Rosenheim, 
i Zeitseh. anorg. Chem. 1906, 49, 148 ; ibul. 1907, 
i 54, 97; ibid.'VMi), 66, 95; Ber. 1915, 48, llt>7 ; 

I Ber. 1998, 41, 238(i; ihid. 1999, 42, 149 , 2295 ; 

I Sand ami Maas. ibid. 1907, 40, 4504 ; ilnd. 1908, 

I 41, 1599. 1861, 33t;7; tbid. 190!», 42, 2642; 

' (llnlesolti, Ca/.z. cliini. ital. 1904, 34, li. 493; 

1 Olsson, Ber. 1914, 47, 917). A number of salts 
I of inoly bdeiiiini w'lth organic acids havi^ also 
I Ik'Cii 1 )[•(']JAi’i'il (R<)senii<“im, Ber. 1895, 26, JJ91 ; 

I Zeitseh anorg Chem. liKKl. 34, 427 ; Crossman 
j and Jviiuiter, dud. 1994, 41, 43; Ber. 1993, 34, 
i l(>06; Henderson and Jhirr, Chem. Soe. 'J'rans. 

] J 899, 1455 : On and W'hil-eliead. dad. J 899, 546 ; 

' Mazzneehelli. Atti R. Acad. Lineei. 1999, [v.] 

! IS, ii. 259 ; Maz/.ueelu'ili and Zaiigiiili Cazetta, 
j 1919, 10, n 19; i\lazziicclu'Ib .iu<l Borglii, ihnf, 

\ 1910, 49,11.211) 

Molybdamide OH MoO/Nlf^ Ls obtained by 
tnaiilng a- ililoroloim solution of molybdie 
idiloride with ammonia. A black luecipitiite of 
tlie diamid(‘ is obtained, whn li. when extract(‘d 
with alcohol. IS coiiverl-ed into the brownisli-red 
amorphous mon.imnle. 

'!’he mou.oi’Hii/lai/iiih OH'MoO^ HN l^tll ^0, a 
white powder and tlie dnlhylamah' 
MoO,(Nlir,l),. 

j a leddish-lnown ]iouder a.H' foinieil n'adily by 
I tlie act ion of molyl-di'tiuin < liloiid(‘ onethylaiiiine. 

I 3'lie dianiKli- ri'acts \ lok iit ly witli nitiw a( id. and 
' gives a. deep l»lue solution wiili strong sulphuiic 
! atid (J*'leck and Sinilh, .Zt ilscb anorg. Cliein. 
i 18!)!. 7, 351). 

[ Midi/hdniinti Idniiab is ol a deep yellow 
! etilour, soluble, and has a griMt aHmity for 
! veget.al>le tibie. It pioduces last shades on 
^ leatber, and iii conjiiiietion witli logwood extiacts 
5 a variety of shade.s may be olitaim d (Rozzi- 
j hlseot, Com})t. rend. 1992. 135, 880). 

! A'lioliia aniiiiohniiii molyhdalc, jirepared by 
j the action of ammonium molybdate on nicotine 
[ in the piesence oj acetic acid is a wliite powder, 

1 sj).gr. 2 5497, and is intensely pois<iuous. On 
oxidation in acid solution it yielils meot inie acid, 
but pii alkaline HoUitiou dipyndme is formed 
(Mesz^lenyi, Landw'. Versuclis.-Stat., 1905, 61, 

I 321). 

Gerber (Mon. .Sc-ient. [v.] 7, 73, 83, 121-127, 
I69-17T, 219-227, 1917) finds evidence of a new 
element associated w ith molybdenum, winch he 
terms moiriolybdcwum, ol ntomiu W'cight 99 
winch IS spectroBcojiically iiidistinguisliable 
from molybdenum and, it is surmised, may be 
an isotope f»l that clement. 

MOLYBDITE or MOLYBDIC-OCHRE. This 
mineral, long tlioiight to be molybdenum tri- 
oxide MoOj, li»-s been proved by W. T. Schaller 
(1997) to be nadly a hydrated feme molybdate, 
Fe_,03-3Mot).p71H 4), or perhaps with 71120. 
Being a Hi'eondary inineral usually intimately 
associated with lunornte.the non, w lien diteeted,* 
had jirevjously been regarded as an imjiurity. 
It occurs m sparing amounts as jialo yellow', 
earthy or powdeiy encrustations, and is some¬ 
times ervstalliKcd as tufts of short silky fibres. 
These fibres arc strongly birefringent with 

^ An Iron molybdate had, hi fact, been described 
from California In 1852, and from Georgia by W. J, 
Taylor In 1855. 
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straight extinction; the plcochroisra is strong; or sparking metal) used in Automatic lighters; 
with marked absorption (pale yellow for vibra-! whilst the didymium salts are employed in the 
tionsaoross the tibn?s, and dee}) yellow to almost' manufacture of marking inks and dyes. Another 
black for vibrations parallel to their length). Tin' i by-})roduct;—the phoH})boric acid—could j>ei'ha})8 
mineral has been formed by the oxidation ] be utilised as a garden fertiliser. Finally, m 
(weathering) of molybdenite (MoS.^), with which > working the dc}>o8it8 of this imn* nil there have 
it m usniilly to be iound. It la thus quite [ always been the tJerman monop('lieB*to contend 
distinct from the artilieial molybdenum tnoxide, j against. 

whioli has a ])laty structure, and is colnuiless I Crystals of mona/ite are yellowish-brown and 
and non-pleoi hroie. The existence of the latter { transluci'iit, or dull brown and o}iaque, with a 
as a mineial thus remains to he i)ro\’(‘d. jMean-' lustre inelimng to resiiinus. Sji.gr. 4‘9-r)'H ; 
while, iiie name fniimahilxbU' (!’. I’llijtenko, hardness 51. Monazite. gi^(‘S lh(‘ nhsorjition ’ 
MM4) has been snggesti'd fot the iron molyhdalo .s]»e(!triini ehar.aetonstic of didymiuin salts, and 
inirieraL L. J. S. this afbtrds a n'ady means of detecting Iho 

MOMORDICA FAT. A f.it obt.imed fiom j mineral Milh the .aid of a |Kiekei spi'ctrosCope 
the kernels oi the seeds ol tochtn- or a sjieelioscojiic attaeliinent to the microseopo. 

a eueurbitai eons |)lantfouiid in Uengal. Dull ei vstals of nion;r/it(' of fair size arc found 
the IMiihiipine Islands, iVe.. hv exlrai tion Mith m the |)('gniatite-v<‘ins of th(' Ilmen mountains 
jietroU'iiin s])int, or hy piessure .it. 40 ". 1'he m the soutln'rn Dials, ami at several |ilaeeH m 
fat consists elm-tly ot giveeiitles ot fatty acids the south of Noiway A shnijdy develojicd 
ami no wax alcohols au- fueseiit. On exposuu' isolated eiystal fiom 'rvi'di-straml, Norway, in 
to the air th('lilt LMMdiially hot onu's yellow ami the niim ral eulieetion ol the lliitisli Museum, 
granular ami on lie,ding In 2-0 -1140'' ehangi's weighs It kg. As small grains emhedded in 
to a giecuish-brown liquid'w liieli leiii.itns liiiuid gneissie and graniti<- roek.s iiioiiazite lias a very 
and has (he eonsistem'y oj (.isior od When wide disliihution. though only in relatively very 
Ireshly jnejiaied ni ]i. is 2S -22 n ir index (10 ) small amounts (O. A. Derby, Min Mag., 1H07, 
140.5, ;i<-id xalue 10, sajuai. v.dne I S.5 2 . II, lUtI). With the wyitlieiiiig and breaking 

iodine Aiiliie 22 4 'I’lu' fattv acids melt at downofsueli rm Us. the nionazite is aeeumulaU'd 

40’-.51': soliditieat ton j)oint 44 -42': neiili.disa-i with the other iieavy iiiiiierals in the beds of 
tion \alue ISS‘2; iodine xalue aboid 40 ' (Coi-| utieains. Dndei tln'se eircumstanees it is often 

(ieid and C,ni<l. Pli.u III .1. 1020, 104,42) ] nut with in alliu lal gold washings. 'Phe nuimto 

MOMORDICINE. Syn for Ki.ati.iun. S '< | grams (o 1-! mm. dinin.) are always well 
K. vi’Kidi’M I rounded, owing to the comparative softness of 

MONARSONE. Di-sodiumethy! - iii'Honate. i the niineial; and are assoeiated with grains of 


Suggesteil as <i subsldnlc' for salvarsaii, as less 
loxie, freely soluble, and wdlmut ha'inolytie 
.action. 

MONAZITE. A numTal consist nig essi'ii* 
tially of }ihos[)hate oi the emium metals 
((V,lai.Di)I't),,, <1 \slailising in llu^ nionoeiinie 
s\ stem. Sevmal other eleiiienls (ytti mni, silieon, 
iron, ealemin, tin, i\.e.) ale usually }m'S(‘nl in 
small amounts, and in p.irtieiilar tlioriuni 
(ThD. 1-I I ]'.e., laiely .as high as 2K {) e.). F<‘W ■ 
minerals hav<‘ li.ul a more mmantie history. It 
wasiU'inedlivA lheithaii|it m lS20from ixova^dv, 
to bo solitary, on account of the raiity of the ■ 
singly-ooeurrmg (lysl.ds fioin tlie Ural Moun¬ 
tains; but it has since bi'cn found to be ftidely 
distrii)uted, ami m certain jilaees to be ueeumii- 
l.itial in large (|u.autiti<-s Small bnlh.interystal.s, 
oftim mistaki'i) for spheiie or .anatase, J|ad been ■ 
earhei known from the gneissie rocks of tly 


magnetite, ilmenite, chioinite, garnet, zircon, 
: rutile, &<;. 'I'lu' careful examination of tlie 
j Iieavy lesidui's of rivi'r .s,an(Js rarely fads to reveal 
the prcHonee of some grams of this mineral. 
Dceuri'enees of this kind have been recorded 
{torn all parts of the woiid, but it is only in 
Brazil, North and South Carolina, 'Pravaniairo, 
and ]M‘iliaps Ceylon, that the dtqioHitH are sufli- 
<'iently ruh to Ik' worked coiiimercially. The 
several miuenils jirescnt m tlicse Hands have a 
wide range in their nuignctu; permeability, 
luonnzite itsi'lf being weakly mugnetie, and they 
can he, se}uirHt<-d hy mi'ans ot a KcncH of electro* 
magnets of dilTerent Ht-rengtlis. 

The following are Hcleeted from a acrica of 
twenty amilyses hy S. J. Johnstone (J. Soc. 
Chem Ind. I1U4, 22, 55) of monazito laolated 
fiom sands, from: i. Truvancoro, J.1. Ceylon, 
III. Ibihang, iV. Nortliorn Nigeria, V. Nyaaa* 


AIjis. The.sc were named tunierite liy A. Levy 
in 1822. but being of unknown com}K)#itioii 
their identity with inonazite was not establislied 
until long afterwards. 'J’hey were described 
as coming from ‘Mont Sorel’ in l)au}ihine, a 
statement due to the misreading of a label i La^ 03 , &c. 2H’tid 3t)*t)() 22*72 2f)*t)2 2<)’01i 

‘ J’lcUte [--^spheiie] de Mens. Hiiret, Daujihme ’ Y^O^, &o. 1)*4() 1*4() 2'8<> 2*74 1*50 0 80 

(H, A. Miers, Min. Mag., im, 8, 207). The . luTO m) 0-84 2-00. 1*10 0*97 

shipping of sand as ballaRt from llic Brazilian ALDa . (CH tc70 2*78 0"25 t)*20 O’lO 

coast led to the diseo\cry of extensive dejiosits (JaO . 0*20 t’*85 tnOl t)’15 0*32 0*21 

of monazite sand. This material had, however, SiDj • 0*90 2 47 0*92 l*2t) I'tiO 0*75 

no commercial value mitil the introduction of • 2ti*82 24*01 23"92 20*29 28*16 28*60 

incandescent gas-lighting. For this jiurposc it Ign. . 0*46 0*93 1*28 0*25 0*25 0*38 

is mainly the accessory and variable constituent • l i 

thona tliat is required, and for a time the larger The mineral is soluble with uimcumy in nyclro- 

iiuantilies of cerium and didymium earths were (dilonc aeid, but is dccomjiosed by sulphuric 
practically waste products. These have now acid. 8. L. J’erifield (1882) believed the thonum 
found imi)ortant ajiplications. The former for to be present as mechanically admixed thorite, 
making the cerium-iron alloys (pyrophoric alloy since the ratio SiOj: ThUj often approximates 


j lainl, and VI. Jkazil. 

I II HI JV V VI 
I ThO., . 10*22 10-75 8*38 5*00 7-l0 6*06 

! CeAL . 31 "90 26*71 25-4() 20-72 32*52Iao.io 
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to unity. Later analyaes of crystals do not,! 
however, support this view. i 

In Brazil, inonaziie-bearing sands are 
found on the sea-shore at certain sjiots near | 
Alcobaca and Prado in the south of the State of • 
Bahia, and at various points along tlio coast of ; 
the States'of Eapinto Santo and Riu de Janeiro. ! 
Tho amount exported annually is about hlKKl 
tons. In the (’arolinas, alluvial deposits are. 
worked in tho valleys of the several streams 
draining the South Mountains, an eastern outlier 
of the Blue Ridge. These samls contain 
monazite m amounts reaching 1-2 pc., and 
they are concentrated by the washing inclhoils 
of the gold miner. Magnetite and otl)<*r iiuTi- 
ferous minerals are c.Nlractod by a magnet, 
and the product contams ()r)-70 p.c. of rnona’/jtc 
mixinl with other licavy inmcrals, such as ziicon, 
garnet, rutile, conmiiuin, &c. 'J'lns clcaiii'd 
inonazili'-sand is tine in grain, ahd ot a ri'sinous 
yellow colour with darker s|)ecks of oth(‘r 
minerals. 'Fho production amounts to about 
200 tons per annum, but it is now ilccrcasing. 
Near Mars Uill in Madison ('o , North Carolina, 
masses of moiuv/itc up to <>0 Ihs in weight have 
been found in pegmatite; and m th(^ mica 
mines at Villcneuvc in Quebec ma'^scs of 20 lbs. 
liavo boim met with. At the ielsjiar quarries 
(tf the 8<mth of Norway the isolat(“d crystals 
of monazite arc picked out by hand, about a 
ton jier annum biang so eolh'cted. IMu' deposits 
discovered in 1000 in 'J'ravancore occur along 
the sea-Hhoro at certain spots between Qnilon 
and (Jape (Comorin on the extreme south-west 
coast of India. 'I'lie mineral is also })re8cnt in 
tho sand-dunes on the coast, an<l in many of 
tho riverK and streams ; and it has been detected , 
in tho gneisses and ])egmatites of the adjoining : 
country, being there often associated with . 
graphite. i 

Hcjercncc!^. —H. B. C'. Nit/.e, lOtli Ann. Rep. j 
U. S. Crcol. Survey, 180.7, j)t. iv Oi)7-t)OU ; W. ; 
Schaller, Mineral Resources, US. Geol. Survey ^ 
(for JOl(i), J017, 2. 22:1; K. L. Kithil, U-S-I 
Bureau of Minos, 1015, Toclm. Pajier, No. 110;! 
G. P. Merrill, Tho Non-metallie Minerals, 2nd 
ed. 1910 ; S. 1. Levy, I'he Rare Earths, Tiondon, ' 
101.7 ; Bull. Imiierial Inst. London, ItMU), 3. lol, ' 
m, 285; Monazite, 181;l-l'l, Imp Min. Res. ' 
Bur. London, 1020; J. II Piaitaiid I> B. Stcr- ! 
rott, Monazite and Monazite-.Mming in thet^aro- ] 
linas.Trars. Amor. Inst Mining Kngin. 1010,40, 
313-340. On some of the Brazilian occurrences, 
see E. Freise, Zeitsch. jirakt. Geol. lOOO, 17, .714 ; 
1910, 18, 143. On the Travaneore deposits, scr 
G. H. Tipper, Rec. Geol. Survey India, 1014, 44, 
180; Bull. Imp. Inst., 1011, 0, 103; 1013, 11, 
099 ; 1915, 13, 323. On those of Ceylon, Bull. 
Imp.Inst., 1910,14,321. ‘L.J.S. 

MONAZITE, ANALYSIS OF. The following 
account of rt method of analysis of monazite is 
condensed from a description given by Sydney 
J. Johnstone, of the Scientific and Technical 
Department of the Imperial Institute and jmb- 
hshed in the Journal of the Society of Chemical 
Industry, 1914, 33, 55. I’he scheme embodies 
(ilaser’s oxalate method for the separation of 
the rare earths, Fresenius and Hintz’a thiosul* 

S liate method for the separation of thoria, and 
[osander’ft chlorine method for the separation 
of eeria. 

One to two grams of the monazite are finely 


ground, tho loss on ignition determined, and the 
residue digested with 6 c.c. of concentrated 
sulphuric acid for 2 to 3 hours. After coohng 
the syrupy mixture of sulphates is poured into 
100 c.c. of cold w'aler and allowed to stand for 
half an hour. After being filtered off and 
washed, tho insoluble residue is again digested 
with siiljihunc acid, washed, ignited and weighed. 
The siliea in tins residue is estimated by evapora¬ 
tion with hydrofluoric and sulphune acids and 
the residue remaining, which rarely exceeds 
()•] p.c., is examined seiiarately for bases. 

Total rare earths. TIk; combined sulphuric 
; acid hUialcs are made up to about 000 c.c., 

! nearly neutralised with ammonia, acidified with 
about 10 c.c. of hydroehloric acid and tho rare 
: ('urtlis jirocijulated by ammonium oxalate, 
i After staiuling for 12 hours '.he rare earth oxa¬ 
lates are filtered olF, ignit(‘d, re-dissolved, re- 
precipitated, and aftei standing, again filtered 
I and well washed with a 1 p.c. solution of am- 
! monium oxalate aeidilied with hyilroehloric 
I acid. The iireeijiitate after ignition is weighed 
as ‘ total rare earths.’ 

The filtrates from the o\alat4‘ ]»reci))itati()n 
are examined for traces of rare earths, by 
evajioration nearly to dryness with nitric acid, 
solution of the residue in liydiochloric acid and 
preeipitatnm in small fiulk with ammonium 
oxalate. Anyiare earths found arc re-precipi- 
tatial and added to the quantity found above. 

Iron, aluminium, calcium, and phosphoric 
acid. The filtrate from tin' jirceipitations with 
ammonium oxalate is treat ed liy Glaser’s method 
(r. supra). 

Thoria. The ‘ ti'tal rare earth ’ oxides are 
dissolved in hydroeldonc acid, the solution 
(liluU'd to 200 c.e, and hea(-ed to boiling ; it is 
then nearly neutralised ^\Itb ammonia, about 
5 grams of sodium thiosulphate added, and boiled 
for half an hour. After standing at a tempera¬ 
ture just below boiling for 8 to 10 hours, the 
precipitated basic thorium thiosulphate is 
filtered off, washed, dissolved in strong hydro¬ 
chloric acid, and after nearly neutralising, 
re-])recipitated by sodium tliiosulpbate. This 
precipitate is dissolved in hydrochloric acid and 
after filtering from the sulphur is precipitated 
as oxalate and weighed as thoria (ThO.^). In 
ordi^r to recover the small amount of thoria 
which sometimes passes into tho thioeulphato 
filtrate is necessary to evaporate the solution 
with nitric acid. The rare earths are then 
precipitated as hydroxides, dissolved in hydro¬ 
chloric acid aiul again treated w'ith sodium 
thiosulphate, the thoria obtained being added 
to that, already found. 

! Yttrium earths. Tho total thiosulphate 
; filtrates arc evaporated to a small bulk and 
: the Ihiosulphafe destroyed by nitric acid as 
! before. The solution is evaporated to drynoss, 
the residue dissolved in 10 c.c. of hydrochloric 
' acid, diluted, and the remaining fare earths 
precipitated as oxalates. The precipitate' is 
! carefully washed free from sulphates, ignited, 

■ dissolved in concentrated hydrochloric acid and 
( evaporated to dryness on the water-bath. The 

residue 8o obtained is dissolved in .7 c.c. of water 
and about 200 c.c. of a saturated solution of 

■ potassium sulphate added, together with 6 grms. 

! of finely powdered solid potassium sulphate. 
. After standing for 12 hours, with occasional 
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agitation, the precipitate of double sulphates ' Mechanical tests on the Mled rod show a 
of potassium with the cerium and lanthanum i tensile strength of 30*2 tons; elongation of 
earths is filtered from the soluble yttrium earth i 2 in 38*5 p.c.; reduction in area (Hi'U p.c. 
sulphates and washed with a saturated solution j Brinell hardness, 174. The cast meUl has a 
of potassium sulphate. This precipitation is i tensile strength of 82,‘500 Ihs. per square inch, 
repeated on the insoluble sulphates. The j Mlastic limit 37,500 Ihs. per souare iiuh, and 
yttrium earths in the eombined filtrates are ! eloiigution 44 p.e. The modulus ef elasticity 
precipitated by a slight excess of ammonia, ! m from 22,000,(MK) to 23,OOO.OW Ihs. as against 
filtered, rc-diasolved in hydrochloric uoid, i 30,(MK>,000 ll>s. for steel and 13,000,<X>0 Ihs. for 
])recipita1.ed as oxalates and weighed as yttrium niauganesc bronze; m.p. 13i)0", sp.gr. (east) 
earth oxides (Y^O^, /to.). j S S7. Klcctncal conductivity 4 (copper lOO). 

Ceria,lanthana,&C. 'rhe juecipitateddouble 1 Ai\ important chftracteriBlic is the retention of 
sulpliates obtained as abovt; described are i the jm-cluinicat propiTtics at high tcmpiTatures, 
transferred, with the filter ])aper, to a beaker j wlueh has Icfl to llio adopfion of liie alloy for 
and boiled with 40ti c e. of walm- and 5 c c. of ! locomotue liic-boxcs in (Jennaiiy (.1. K. Thomp- 
liydroehlonc aeul iinlil dissolveil 'J’he separa- son, Kiig and idin. .1. 1911, hi. 223; tf. !Soe. 

1 ion of the ceria from the other raic eart h oxides ('hem. Ind. 1911, 3(b 2S7), 

pri'seut i.s cftected by thi' following modification At 50(1’ a teiujieratuic at which naval and 

of Mosander’s method Tlu* eartliH are precipi- manganese brass have no nnchanieal strength, 

iated by aiiimoma, filteied, washed, dissolved tJie tensile siivngl-li i.s nearly 29 tons per nq. in. 

in liydroehlonc acid and tlu' solution ddiiti-d to Casting ol the metal is remlcred dillicult by the 

about 2tK) e.c. The solution is neutralised with high nu'lling point (about 139(1'^) and tlio ex- 

potassium hydroxide, and about 2 grams excess ecssivi- slniiikage (Aniott., .1. Soc. Chem. Ind. 

added. A enrient of chlorine is passed through | 19IS, 703 A.). 1'. N!('K 1 ';i.. 

tin* solution until the eeiiiim is uonveited into j Analyses ((faines, («. Jnd. iCng. (.'hem. 1912, 

the hyilt.ited ])eroxide ami the lanthanum and ' f, 354): 

allied earths have passed into the solution, ; 

w'hu'h then reacts acid. I lu; solul ion, cont ain- ..— riclal Jtolli d mi'lil Forneii nictal 

ing ail excess of ohlonno, is diluted to 400 c.c., -- _ ' _ -- 

allHUHl (,(I Stan, I fur w-vcral lio.n- and tiltaiod. 

Alter washing, tin' j)iecipitate is re-dissolved, i>h 1 (M.h :,o 1 Uk 4k oo Kit mi4r»-mr54 

tin* potassium hydioxide and clilonnc treatnieiil. 
t.'poatedtwici' and (lie eenurn liii.dly precijat.ited 
as oxal.ite and weigheil as tin* oxnlo (VO^. 

The liltrat<‘s, <ontaining the remaining rare 
ejvrtUs, are evajioraO'd to a small bulk with i 
hydrochloric acnl and tlu' lanlhanuni and ! 1’ho .st iength and oilier jrhysical properties 
didymium earths piceiprtated as oxalates i of the alloy are affeeteil chioliy by the heat 
The pieeipitaie after liltration is decom}roHed ; treatment rather than by siiglit variationB in 
with mine acid, the earths re-jm'ci]iitaU‘d as I the {irojiorlion of the constituciita. 
oxalates, and after ignition weighed as the MONOBROMO-CAMPHOR v. Camphors. 
oxnle.-., JjU.Oj, <V(^ MONOTAH. Tnidi'name for giiaiacol methyl 

Phosphoric acid. The phosirhoric acid can glycollaie. 
he dctenniucd in the residue rmnaimng afti'i' tiu' MONTAN or MONTANA WAX is a bituminouB 
removal of the rare earths, but, it is found substance extracted by various solvents from 
mnr' convenient to make this determination /n/zn/ussi/c, obtained from tlie lignites of Saxony 
<tn a sejiaratc [»f»rlion of the original samjile. and 7'lmniigia. bi'st at Ingh lemperatiireH 
0 5 gram of the liin'ly ground nioiiazite-fused (2r)i)'-2(i9'‘') and pressures (50-()t) atinos.). The 
with 5 to 7 grams of jiotassium carbonate in a cnnle substance is bard and odourless, resembling 
platinum crucible for about 2 hours. The | o/.okentcinapiicaranco,andhavingm.p.70M)0®. 
’melt’ IS dissolved in water, filtered, and after j Monfan w’ax conies into eommoree as a white, 
washing about- a dozen times wi^i 1 p.<‘. i high-melting candle-like material. It is not a 
potassium carboiiato solution the insolujile j iiaralbu, but consists of 7nt)ntiifnr ue.id 2* 

matter is ignited, ag.un fused with potassium ! m.]). 8ti-5'^ (.Meyer and Hrod), 82‘r)® (Kasterfield 
carhonalc and the treatment repeated »» lone i and Taylor), 83"' (Uyari and Dillon), 83’5* 
as any nhosphone acid is extracted. Usually [ (Pschorr and l^falf), and an alcohol, m.p. 80° 
two fu-^ioiis are sutncient. The combined i (i;. Boyen, Zeitsch. angew. Dhem. 1901, H,* 
filtrates arc acidified with mine acid, the llltt; e/, Marcusson, Chem. llev. Fott.- u. 
jihosphonc acid preeipitatexl first as ammonium Harz, Ind. 1908, 15, 15(3 ; Eiscnreieh, ihid. 1909, 
phosphomolybdatc and finally as magnesium 10,211; I’sehorr and Pfaff, Her. 1920, 53, 2147). 
ammonium phosjihate and weighed as Mg,PoOj. Asher (1). Jt. 1*. 207488 of 1901) purifies the 
MOND GAS V. Fuel. ' * crude substance by heating twice with nitric 

MONEL METAL. An alloy of nickel and acid of sp.gr. l*2-i-4, then washmg and melting 
copper made from the mckei-eopper ores of it, whereby the asphaltic or resinous matter 
Ontario; contains about 27 p.c. copper, about i seinirates out. It may als<> be purified by 
t>H p.c. of nickel and a slight amount of iron, dissolving in a suitalile organic solvent and then 
Combines a strength approaching that of steel hi'ating with alcoholic alkali. After separation 
with the non-corrosive qualities of copper or of the saponifieil matter, the wax is finally 
brass: used for roof covering, pump-rods, marine treated w'lth concentrated sulphuric acid at 100* 
propellers, &c. The structure of monel metal (I). R. P. 220950 of 1900). According to 
18 that of a solid solution, the rolled bar, showing Tropscli and Kreutziir, what was thought to be 
sharply defined crystal grains, usually twinea. ' pure montanic acid can bo separated by osteri- 


I Iron 2 nu ! 2 07 2 44 I 2 KJ- 2'M» 

i Curium 02.'> 0 t;i i 02H-041I 017-0'tft 

I silicon 1 (IS- 1 41 I 0-12- ii;i7 ; 

Miingaiicrtc 0)1-(MU | 1-20-182 l-:W- ITiO 
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fication with methyl alcohol into two esters 
boiling at 2()5'-2(>7’5and 277•5'^'- 280“ at 5 mm. 
jjresaurc, rospoctivciy. From each fraction the 
acid was again isolated. TIi<“ former has tlie 
formula (’ 27 U 64()2 and is ternicil rarhorenc 
acid, m p. 82 the latti'r is pure iUDniiniic acid, 

' m.p. Sii ’-8h'r»’. 'I'lio aliinumum 
salts of montanic acid have heeu prepared foi 
use as impregnatmj^ maieiials (0 R P. 22ISS8 
of l!H)8). A numliei' of its ilerivatives have 
lioeii doBcrihed bv Meyer and linal, Monatsh. 
1913, 34, 1143; Kasterti<4d diid Taylor, t'heni. 
Soc. Trans. 1911, 1)9, 2392; (iniii and I'lliTieli, 
(Jhoni. ZiJitr. I9ir>, 2. ^92 , 'I'lnp^eh aiidKieuI zci 
Brennstolf (!iM-mi<“, 1922, 3, 177. For action ol 
ozone iijxiii jl, fu'i J^'isehm- and 'I'rojiseli, C'heni. 
Zentr. 1919, 90, iv. 847. 

tSmiilar waxes are extiaeti'd from Iiish jx-ai. 
and sohl uii(l<-i the names ol nHiiitniia irai ami 
moniinini irar (Ryan and I)ill( :i, Rroc Roy. 
Dublin So<-. I9t)9, [2, 292). 

MONTANIN. 'I’radi* name for a solution of 
hydrofluosilien; aeid ; used as u ilisiiihH lant. 

MONTMORILLONITE. A . lay inincr.il v ith 
the eomjiosdioii lloAFSijt>i 2 d "A(|. Jt thus 
bears t he sanu" relation to tlie erysl.illised nniieial 
liyrophyltile ( 112 ALS 14 U 1 ..) that li!illo\sit«'does 
to the- crystallised kaoliniti' (H,Al^v 8 i„(»„). It 
IS a soft, soajiy snbslance, sollening in water, 
but not |(las 1 ie, and it does not adlicie to the 
tongue. Sp gi. 2 94. 'I'lu- l oloiir is wlule. irii-y, 
gieeiiish, or very otleu ]imk. Jt ixauis as an 
alteration jnoduet in .scilimentaiy rn< ks, in 
iiimeral veiii.s, and in ignemis Micks. Anaiy.sis 
by L. Azenia (1913) ol lose jnnk inali-iial {loin 
Jhirdcs neai Moiitinoiillon (the oiigmal loe.ility) 
111 l)ep. \’ienne, Riatiei', gave (also tia<'es ol 
CoO, MnD. NiD): 

SiOg Al,,()., FcaO., MkO I'aO 
09 57 22-83 1 - 97 ' 3 82 2 21 19 49 

dliei-i' ar<‘ .several varieties distinguislied by 
special nami'K. L. J. S. 

MOONSTONE V . Fklspah. 

MORAVITE V . TnuiUNaiTK. 

MORDANT ROUGE. Aluminuim 0 (ciale v. 
Acetic acu>. 

MORIN V . Old Fustic. 

MORINDA CITRIFOLIA. The roots of 
Moruidii citnfoliu (Linn.) and Morimhi tinrionu 
(Roxb.), known as ’Mormda Root-,’ are ex¬ 
tensively o.m])loyed in variouR parts of India 
under the general trade name* ot iSiiravji, molt 
especially tor dyinng reds, jiurples, ami clioco- 
latA!K. 'riie.se jilants, the native names for wliieh 
are Aal, A'l, .ich, or .4 k 7/, aie to he nic,t with 
in nearly all th<', ])ruviiiees of India, either wild 
as in tile jungles of Rengal. or cultivated in 
small patches in betelniit plant.itions. or near 
the homesteads of the dyers. In Bengal the 
])lant 18 usually jiro]ui,gated by slips or cuttings, 
but in other jiarts it is raised Iroiii seed, as 
W'ell as from cuttings. When the plants Imve 
attained a height of from 5-0 feet, that is, as a 
rule, about the end of the third year, the straight 
spindle-shaped roots which extend into the 
ground to the deptli of 3 or 4 loot, arc dug out 
and the upper portions of tlie plant are cut into 
slips to servo for the profingntion of the next crop. 

The colouring matter is found principally in 
tho root bark, and is developed in greatest; 
quantity at about the end of three or four years, 


' dejiending upon the character of the soil. After 
■ this time the dyeing principle gradually dis- 
I apiiears, and tho matured trees, which eventually 
t attain the height of a mango tree, contain 
hardly a trace of it. The thin roots are most 
valuable, roots thicker than half an iiieh being 
thrown away as w'orthless. They are or were 
mainly used for dyeing the tliread or yarn from 
winch I lie coloured borders ot the cotton gar¬ 
ments woj’ii by tlie lower classes are woven, but 
they are also ein])loy<‘d lor ilymng the eoaise 
eott-nn fabric called ‘ Kharva,’ or for dyeing 
the silk thieml wliieh forms tlie liorder of the 
silk i.ibiK Known as ‘ cloth.’ The 

i^oluiirs givi'ii by A’l range from a reddish- 
yelltiw througli ])ink and vaimus shadi's of red 
to a dark blow n-ivd 'I be tint seems to de}>end 
[iiimanly upon the age ol the loot, and iijioii 
tli<“ proportion ol root bark to .stem whuh is 
employed. The root baik gi\fs the lie.sl i-eds ; 
tin- dye in the woody jiart. of tlu- mot m yellow, 
and Ikukc wIh'II the wotnl |iiej)ondeiales over 
the b.iik the lesiiltmg <Iye is reddish-yellow. 

About 1799 some ol the powdci-i‘d root 
iindcT the name of ‘aurlili’ came nifo tho 
liand.s of l>i. Batiemll. wlio found little oi no 
ditbeully m ajiplynig it. to bolli wool and cotton. 
At that time lie eoiiMdeied that it might be 
pr(»hta!ily imporl.(‘d into ICmojie. 

In 1832 Sdiwait/ .ind Koeehlm also ex- 
aiiiiiK-d till' loot iiiuler tlie n.imos '‘^^ona’ 
and ' Haeliioiit.' and lejioried on its dyeing 
properties to the Indusiiial Sof k tv of .Mnlliouso 
They refciied to llie fait tli.d ol all th<‘ Imlian 
rriliKKc"' exannmal by llieiii, it- 1 onlained tlie 
laigesl- <|ii.ni 1 il\ ot eeil.iin yellow piineijiles of 
an acid eli.it.niter wlmii not only necessitated 
, the washing of the loot with cold watei before 
; dyeing, but also niadeit riMpiisite to atldu eortaiii 
' piopoition ol sodium eaibonate to the dye-bath 
111 oi'di'r 1,0 li.ive a jieifecliv m-utrai bath. Tlieir 
, eoiielusion was that since inomida root only 
jiossessed one-tliii<l tho dyeing jiower ol a 
I iiu'dium quality of niaddei, it could never 
' eoinjiete with the latter in the Kunqieaii market. 

About 1848 solin' tiiormdn root w as submitted 
lor trial to some of the most experjenei'd and 
' .skdliil,,<alie<i jiiinters of the (rla.sgow district, 
all of whom eoneuired in declaring li not to be 
, a ilye at all. 

Ill 1848 Anderson (Annalen, 71, 211') isolated 
from the,.i‘oot of the Mvrinda cilrijolia by ox- 
1 ti'ijetion with aleoln'I, a erystalluie yellow sub- 
j stance whieli he named Maruidiii, and to which 
j he assigned the formula This 

substance wlieii Blrongly heated, gave a cry¬ 
stalline sulihmule nioruidon, and Andei'son 
j'ointed out the great siniilanty, on the one 
liimd, botaveen morindin and ruherythne acid, 
and ou the ot»tier between niorindon and 
alizarin. 

Roehleder (Annalen, 18.52, 82, 205) gave it 
as his ojunion that nionndm and morindon 
were identical with the ruberythric acid and 
alizann derived from madder, and Stokes (Fheni. 
80c. Tran«. 2, [2) 333), by exaimmng the 
absorption spectra of solutions of alizarin and 
mormdon in sodium carbonate and in ether, 
came also to the conehision that these two 
coh'unng matters consisRd of one and the sanio 
substance. 8tenhou8e (J. J8(f4, 17, 543) 

formed a similar opinion, and pointed out that 
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mQrindin not only trives morindon by heating, ; methyl iodide and nlkiili only’ yielded a mono- 
but also when digested with boilmg dilute j methyl ether, whilst two «)f tlie hydroxyl gnmps 


mineral acids. 

On the other hand, Pteiii (d. 18b0, Iff, flla) 
bmnd tliat the absorption 8])eetra of ab/.unn 
and morindon arc not identical, and tliat 
ruberythric aoid and monndin aie distinct 
substancea, aUhontrh tli(‘ lattiT r(‘somble each 
other in tlio ri'spi'ct tiiat both are gliuaisides. 
The distinction lielwecn these co]n]iouiulK was 
ri'mleied miicli rlearer by Die w<irk of 'I’liorpe 
and (rreenall ((^hcin. Soc. Trans. ISS7, 51, oil), 
and Thorp(‘ and Smith {ihid. JHSK. o3, 171), 
who showeil that morindon |Kiss(‘ssestlH'tornnila 
; on <listillatjon with 7anr-dust if- gave 
nudliylaiitlirai-ene (m.p, ItMh’-lpr'). and was 
evnimitly a <.leiivativ(‘ ut nu'lhylanfhracun- 
iiotie. 'I’o moiiiuUn. t!i<‘ glueoside, the fonniila, 

(1 assigned 

Soinewiiat l.itei IVikin and Unniinel (('hem. 
Soc Trans. (>o, Sol), during an exiimination of 
till' Motinda uinlxlliiln (l/imi ) (/’ nif a), pioved 
that inonndon eont.ims three hydroxvl gronjis, 
and tliat Thoijie and SmiHi's li\ilnuMi bon was ! 
/i-niet liylnnt liracene. 

Oesterlo and 1'isz.i (Ar<h. Tliarni. llH)7. I’to, 
53 I) eiinsulei that tlie 1 1 u<' tormnl.i ol niorindui 
is liyiliolysis with acid 

can lie cxpiesse<l as follows;— 

The sugar thus fonmai is not. feim<'iite(| by 
y<‘ast aiul yu-lds an osa/.oiie mellnig .it h>7 d 
Monudin crystallises tiom 70 p <•. ah oho! in 
glistening luadles, whi' h melt at 

and dissolve in alk.dine solutions with a led 
colour. It does not dye iiioidaiited talun s 

1'j;! 1 'll do d* 

and!’.), mtron yellow needles, melts at (■'). 


are probably in the I : 2-po8ition, Pince monndoii 
IS a mordant dye resembling ali/.arin. Tlicsi' 
and other reasons lead to the belief that it has 
one of the two formula'given, (1.) being thought 
the more probable ‘ 



Me 


Oil CO OH 

/\ / - 


,<H1 


\/ 


CO 

(11.) 

(O S. Reports. HUS, S(i). 

Tlie exai't (oiistiliitioii ot monndoii IniH not 
yet bi'eii (leteniiiiicd, hilt it appeals probable 
that it this i-onipiyind contains in leality three 
jilu'iiolie hviboxyls. jt most lik<'ly <‘onsists «if a 
metlivl aiithi.igallol. It. on flu' olhei limid, 
as IS «|iiite prob.it>l(', nioiiiidon eontams an alco- 
fiolje gioiip. wliuli, according to Ivobiiisoii uiid 
iSjmoiiseii, <iecurs in the isomeric aloe-emodin— 


Oli 


CO 


N'O 


CM.oil 


Oil 


(hen its eoiisfitutiiui will be represi-nted as ali¬ 
zarin III whii'h one ot the thlee )>-j)osi1 ions Jfl 
ocmipied bv ('ll,(Uf. Though such a con- 
slitiilioii would appeal to haimoiuHe will with 
the pri'seiit known juoperties of tiiorindin, ac» 
coidmg to Simonsen (juivate eoininunieation) 
experimental evidenei- oi a ClROH group iii this 
coinpomid IS kicking. 

Jn many lesiMuts the Morimla airijoha 
sembles cliay loot anil madder, foi, in addition 


a i.), enroiM'eilow needles, mens ai i .. .. . • , 

Nono-hnrMilimiiiidiii I\-ll '. ((',,.11 J, ' lui.l ...oiin.lun it o.ntmnH a Jar^c 

. anil T.), vi'lin'''n<Tilli-s, lli'cHsat IW> . I (|U,inlity of,anil cclani yollow Inin- 

'* • , .r r I ,_ i _I .... 1 .. f., I,,.,... .I..VI,'.,« IMOU ill\lhrn.. 


{0 

MoTindnh, the <-oloiiiing niaftei' ot Mixaidii 
citrijolia, w'liich is ohlaiiied hy the liydiolvsis ol 
mormdtn, and also exists as a rule to some e.xtcnt 
in the free state in this root, consists of oiange- 
red needles, melting at 271-272 It is soluble 


tinitoiial substances, deriv'utives of aiithra- 
qumone. 'J'he ]iiep.Mat]oii of morindon in 
(juanlity can be eonveiiiently earned out by 
e.xtiaetion with sul|>)iurouH acid, according to 
, ’ II IS soniinr tlie details givim ill till' sections on Madder and 
m alkahno 1 ..|ui.Ik, aitl. a blne-Mol.-t tn.l, OJliay lloot tor tin, .sokli.ni <.I 
somewhat blui-r Ih.in the ton, K|.omlini; alir.aun ! .SnnonM-n (( hi-ni. Soe. I laiiH I.IJI. 117, SI) 
solutions, winch, when trealcl with liliiyla j has inv,-<(i,;,.lc,l tin- rcsnlnc n-nia nniR after 
water, EIVO a cob.ilt-bluc i.rcci]ii(a1i- ot tlio ! .‘vlraclion ol ninnndiii an.l has isolated ahza- 
liarinm derivative. Jt.s solution in suliibnne | rni-a inetbyl elln-r an.l rnhnulin momninethyl 


sulpln 

acid IS bluc-violet. - > 

Triacdiihunritidox 7 t) 5 (CO('H .j), cry 

staUisca in citron-yelhiw needles, melting at 242 . 

Morivdtin Ihi/lclIifT 143)3 

a yellow crystalline powder, melting at 221C. 

Simonsen (Cliein. 8oe. Tivins. J918, lid, 
700) lias thrown moio light on the constitution 
of niorindon, which was known t.o yield 
2-methylanthraeciie on distillation vvitli ziuc- 
dust and believed to be a (nliydroxyinethyl- 
anthraquinonc (I'erkin and Mummel, Chem. 8oc. 
Trans. 1894, 05, 851). Tins view has now been 
conhrmed, and it is found lurther, that two of 
the hydroxy groups must lie uithe orthoqiosition 
with' respect to the carbonyl groups of thi' 
anthraqumonc nucleus, since treatment with 

1 Simonsen (private communication in 11)18) con¬ 
siders this to be incorrect, an»l that the fonnula 


ether, the former being ideiitK i\l with that ob¬ 
tained by Rerkin and Hummel from the Olden- 
landia unibclkita (.'•fc ChiAY Root) and the latter 
with the substance obtained by HarrowelilT and 
! Tutiii (see later) trmn M. longiflora 

From the alcoholic extract of tho Morinda 
cilrifolidy Uesteile (Aicli. J’harm. J907, 24o, 
287) has isolated a smuM quantity of a substance 
which has the constitution nf a ether 

of a tnJnidroiijniithijhtiilir'i'pnnove. 'Jt consiatg 
of yellow crystals, melting at- 219'^, soluble in hot 
alkaline solutions, witli a ycllowish-red colour. 
It IS not, as this author suggcHted, identical with 
tlie emodiii mctliyl ether winch exists in the 
Vcnt^hi'io irindrasjHilfina (A. (/. Rerkin, Chem, 
Soc. 1’rans. 1997, 2074). ^ 

Dfftiiiif propeilu'-i .—In Dr. (.r. Waits 
j)ictionary of tho Economic Rroducts of 
India, J)r. «1. Murray lias w'ntten under the 


Co Ho Old of Thoriie. Qrecnull and Smith (cf. Perkin, head of Morinda^ not only a most complete 
efiem^^^Soc. Proe. 1908, 24, 149) correctly represents the more important species, but full 

morindon. See aUo M. unMlaia. accouiin u* » t' 1 
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details of the tiKlivc methods of dyeing with 
tiiem. T!>e«c methods of dyeing vary con¬ 
siderably in dillerent parts of India, but they are 
all similar in general jirmciples, and arc* prac¬ 
tically crude processes of the turkey-red dyeing 
known in Europe. An extended senes of dyeing 
expcriinebts in connection with niorinda root 
have- been earned out by irutuiiud and IVrkin 
{•J. Soc. (’licTn. Tnd. ]8b4, 13, 34(»), wlio tind 
that by adojiting certain jirccautioiiK tins dye- 
Btuff possesses a dyeing power winch is greater 
than inaddkr itself. * 

To obtain good results it is ncci'ssary, as 
Iiri'viously indicated by ttu' woik nl fsidiwnrt/, 
and Koorlibn (/e.), to neutralise, oi b<-tt<‘i 
stdl t-o T’l'inove, tlio fjce aeul whieli exists in 
oonsKlei'iible (pianlity in the roots. Ihvjieti- 
merits also with the pow<leU'd iiioniidii mot 
which had been alloviod to ii^menl, oi had been 
digested wilb boiling ddute *a<iii, as in the 
jireparation of ‘ garaneiru'’ tioin niaddiT, 
showed that tlu'se jirejiarations dy<-(l (‘xeeedingly 
well wlien I li.e. ot chalk was add(‘d to the dye- 
l>ath. It was found, for instance, lliat 7 •» 
grains oi a Baiii|)l<‘ of wasinsi moiiiKla mot. 
(equivalent to lb gianis of (]n' uiiwash<‘d loot) 
harl a dyeing powei equal to 15 giains tiiaddei 
root of good (]ualit y. 

'^rin* reds and (links obtained on alunnna, 
mordant aie yellower than Ihi- coiresiKinding 
maddei colours, the chocolate (ncsiiits a Hiimlar 
difi(‘icne<‘ 111 tone, and Ihuicc again aiqiears 
fuller than a madder ilmcolate, whibt tin- lilac 
is dmtine-ily redder. ()il-pie|i.iro(! calico mor¬ 
danted as lor turkr‘y-M“d gives a viuv Inight 
orange-ied or scarlet sinnl.ii iii shade to tiiat 
given by havnjmijmrm. and fast to ele.uing I 
with Roai» and stannous eliloiide. ('hroinium | 
mordant on siimlaily jiriqiared calico giM's a' 
full rndi choiiolate, and iron mordant yields j 
colours vaiymg from dull (luiple to black, 
ae(!ording to tin* intensity of the moidant. t)n 
Wool and sill,, mordanted aeiairding to tlie usual 
methods, good elioeolaie-hrowiis are obtained 
witJi ehroniium, orange-reds with alumina., 
bright orange with tin, and dark purjile and 
black with iron mordant. All tiii‘. colours 
referred to are as fa.'-t to soap as llu; corresjiond- 
ing madder colours. ^Nitli icspcct to wool and 
silk in the unmordanled condition, these fibri'S 
may be readily dyed both with the w^asUed and 
unwashed root, more or loss rich orange or yellow 
colours, the bnglitness of w hich is enhanced by j 
the addition of a little acet ic ai'id to the dyc‘- i 
bath. These colours, howevi'r. which ajipear to j 
originate from the glucoside inorindm itself, an- 
of a Honsitivo character towards alkalis and of i 
little value. A (J. i*. 

MORINDA LONGIFLORA. Morindn lonji- 
flora, known as ‘ Ojuologbo ’ (woody vine) (Jour ! 
J50C. of Art-S, 1905, 53, J009), is a native of West I 
Africa, and considered to be one of the most ' 
valuable medicinal plants of that region. It is 
fully described in the Flora of Tropical Africa , 
(1877. Ill, 192), where it is stated to be known , 
under the native name of ‘ Mibogga.’ 1 

Accoixling to Uarrow’clifT ami Turin (Cliem. j 
Soc. Trans. 1907, 91, 1909) the root of the j 
Morindn lorafiflora ((>. Don) contains an hydroxy- \ 
fmfhoxytiiethylanOiraqn'nwne and an alizarin- \ 
mononu thyl cther^ although moriiidin, the! 
common constituent of the roots of the JIfomkio 


c.UriJolia, Morindn iindoria, and Morinda vm- 
hdlata, is absent. The hydroxymethoxymethyl- 
anthraquinono (’uHj 204 , yellow needles, mdts 
at 290', and the acetyl denvative at 173®. 
Heated with 70 per cent, sulphuric acid it gives 
the ] : 3-dihydroxy-2-mcthylanthraquinoiio of 
tSchunck and Marchlewski ((.'hem. 8oc. Trans. 
1894, 05, JS2). Accortlingly it possesses one of 
tlio iollowmg fonmila^—• 


(.:() OCU, ('() OH 



CO t'O 


i llydriodie acid converts it into dihydroxy- 
J metliylaiiriiiuiiol f'mHjjO.i (m.]). 235®), and by 
j niethylalKui 1 : 3-dimct }i(ixy-2-m«“thyl nnthra- 
' qumone (m]». is produced, 

j Siriioiiseii ((3n‘Ui. Sot. 'I'rnii.s. 1920,117,5lil), 

I how'c'ver, .st.iteA that Ibirrowclill and I’utin’s 
1 eiiinjioinul is not dcriveti from 1:3-diliydroxy- 
j 2-metbylanlhrii(|uinune for the diliydrnxy- 
I metli} laiilhiaqinnoiK* iibtaiiied on hydrolysis 
! gives an aeelyl denvative, in]). 225', whoieas 
i the 1 ; 3-dili3<b'‘>’.'-2-me(hylaiit!iiaqninone of 
I ScliuiK'k and Maiehlevvski has an acetyl deriva- 
! live, m p. 217 2IS'. It is evidently the inono- 
I methyl etlicr of lulnadm nml possesses the 
formula 



The So-called 1 : 3-dimethoxy-2-methylaiithra- 
(]unn)ne is thus -nihuidin dundhyl ellm (1:3- 
(linie1lio\y-4-m(‘lliyluiithrii()Uiiione). 

The ninnometliyl etlu r ol ali/.arin 


CO OCll 



ia identical with the compound i.solated by 
IVrkvii ami Hummel (Chein. Hoc. Trans. J893, 
03, 1 174) from eliay rtiot, Oldcnlandta vmhdlala 
(Linn.). 

Tlie^ leaves of the Monnda lowiiflora also 
.rontaiii the above-mentioned hydroxymethoxy- 
niet }iylanriira<(mnnne, a nd in addition a crystal¬ 
line*'alcoliol Diorrndnvol 0 .,^Hj 204 . which melts 
at 278° and has {ali.d-iib’O®. With sodium 
nit'tlioxide and methyl iodide it yields methyl 
monndanol C;,.,llft| 0;,*00113 (m.p. 116°). 

' Ojuologbo ’ does not appear to contain on 
alkaloid, and t-xtracts of the leaves and root 
were not found to possess any pronounced 
physiological action (li. and T.). A. (t. P. 

‘morinda umbellata or mang-kou- 

DU, The dyeing material, variously named 
oungkoudou, jong-koutong, kc., is the root- 
hark of Morinda vnihdlaUi (Linn.), and is met 
with in Eastern commerce in the form of small, 
rcdihsh-biown, irregular rolls of bark, much 
WTinkled in appearance. Its cost is or W'as 
about per lb. In Java it is largely used for 
producing the fast reds in the native calico 
prints, well known under the name of ‘ baticks.’ 
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Although the shrub from which the root- 
bark is obtained is met with in Ceylon and the 
hilly regions of Eastern, Southern, and South- 
Western India, as well as in the Malay Peninsula 
and Java, the material does not appear to be 
considered as of any special importance by the 
Hindoo dyers, unless, indeed, as is very probable, 
they use the root as a whole under the general 
designation ‘ al root,’ of which it jnust snuply be 
regarded as a variety. 

The following are a few of its Indian verna¬ 
cular names : Al (Bomb); ruina (Taind); imilu- 
ghiidu (Telugu); mang-koiidu (Malay). 

The older literature etmneelod with mang- 
koudu is (extremely Innitcd. brief reference to its 
dyeing projiertieN fuily being found in the 
following ]nibliea< ions: riiilosojiby of Pit* 
mauent (!olours (ISI‘1), Bancroft; Bulletin 
do la Soeieti! Indiistrielh' d(! Mulhoiise (]S.‘i2), 
E. iSchwartz and I). Kmalilin ; L'Ait dc‘ la 
Teinture dcs J/aines (1S49), (lonireville, 

Monograph on the Dyestuffs and Tanning 
Matters of India, !kv. (187H), T. Wardle; 
Watt’s Dictionary of the Economic T’roduels 
of India (1S!H ). .1. Murray. 

The <‘\ainination of this dyestuff by Perkin 
and Jlnmmcl (Chcni So(;. Trans. br>, 851) lias 
indicated its close cliemical resemblance to tlic 
Monnda cilnfolia. Tl eonf.itns a glucn.sule of 
the nailin' of niormdiri, winch yields by hydro¬ 
lysis moriiidi)n. but which, acMordmg (o Perkin 
(Ohom. Soc. Proc. IHUS, 24, I41>), is liest ropre- 


The roinainiug yellow substances, (a) 
orange-red needles, m p. 258®, (h) 
lemon-yellow needles, m p. ]pH®-lPt>,® 
(c) CxftHiflO.. needles, m.]) 208", were isolated 
in aiieli small amount that a determination of 
their eonstitution eould not be attempted. 

})i/<'ni{i pwpvrfK’.f .—This dyi'stutT is largely 
ompbiyed by tlie Javanese for produeing the 
fast, reils in their celebrati'd ‘baluks.’ The 
colours it yields an' jiraetieally identical with 
tlniso given by inyiimla rool, but much fuller, 
a fact not to bi' wondered at, for it is m ell known 
that in ordinary inorinda root the colouring 
pnnci]>le is situated <‘hji‘lly in the root bark. 
In its oidmarv iMiiiditioii mang-Kondii is not 
iisi'fiil 111 <lyemg. but as in the ease of a! rool, a 
pn'li nil nary wasliiiig or sti'eping in wider Hiilliees 
to remove Urn deleterious acid iirineijiles present, 
and thus to transform il. into a valuable red dye- 
sfiifT. * A (i. P. 

MORINDIN Moiunda and (bairosiincs. 
MORITANNIC ACID e Di.i> I’l s i-ic. 

MORPHIGENINE. The liydrochloride of 
0-amirio- lO-hvdroxvphenanliirene. 

<:>tO 

'tjll N1I,.UCI. 

MORPHINE Oi'KiM. 

MORPHOSAN (',,II,„0,N((;II aHr.WsO 
Trade name for a derivative of inor]»hme. Used 


seated by iheformnl.i (and is nlerili<-al 
with that suggested by 'I’liorjie and (ireeiiall 
(Cliem. Soc. Trans 1887,51,52) for tlie monndin 
derived from the Mornida tilnfolia. The acdul 
derivative MI'aiingly 

soluble in alcohol, and melts at 24t>'’’-24S", and 
the sugar jirodiiei'd from the gbieosnh' yields an 
osazoTie melting at 202"-2t>3’’, winch is not 
readily dissolve<l by ah'olml. 

Tlii.s root-b<Lrk contains a considerable 
quantity of idilorogenin {(/. Madokii), together 
with a small amount of mm-tinctoiial yidlow 
derivatives of anthra<juiiK>ne. A quantitative 
exam aation of the extract from 2(»0 grams of 
the material with sulphurous aiml (e/. Madder) 
gave 9'47 grams of green preeijutate, ^viue.h 
yielded:— 

Crude chlororubin 8-075 gramR=4*03 p.c. 

Pure morindon . 1-J87 ,, -- 0-50 „ 

Yellow substances 0*208 ,, =0*lT)4 „ ^ 

These v cllow substances proved to consjst of 
a mixture of at least six distinct compounds. 
The main -'on.stituent i.solated m yellow needles, 
melting at 171"-I73", possessed the formula' 
and had properties in harmony with 
those required by a inonomethyl other of a 
trihydroxymethylanthraquinon*. The diacctyl 
derivative Cq«H‘,o 05 (C,.Il 5 , 0)3 melts at 148®. 

A second compound, CisHinOi, crystallised 
in yellow needles, melting at 209®, and was 
found to consist of the mrthi/lpurpuroxanthin 
prepared synthetically (Mtirchlcwski, (’hem. Soc. 
Trans. 1893, 63, 1142) by the condensation of 
motadihydroxybenzoio acid with paramethyl 
benzoic acid— OIj 

/eO\/' 


CH. 


\co/ 


OH 


as a sedative and hyjmotie. v. Synthetic J»RU(is. 

MORTAR V. ( liMKNTS. 

MORTAR, HYDRAULIC, v. ( KMEN’rs. 

MOSAIC GOLD. Ortnohi, v. Doi.d, mosaic. 

MOSANDRITE. H ydr.ited tit ano-si I icate of 
ei'rium caitbs (17-2<i 5 ])e.), <‘al<‘iuni, A<-., 
oia'.urring as reddisli-lirown inonociinic crystals 
of pnsmatK' habit in the ne]ilielitc-.sy('iutc of 
the Laiigesimd-fjord in south Norway. Hji.gr. 
2-93 3 9.3. The mineral is named after tlio 
Swedish chemist, fi. Mosander (1797-1858), 
the discoverer of didyminm, lanthanum, and 
terbmin. L- 'b S. 

MOSLENE. A terpern^ isolated as 

I its nitrosoeliloride, while erystals, m.p. Ill®, 
from the terpeue. fraeiion. b.p. (59''- 

1 (iO'’ /JO mm.) of the essential oil of Mo4a 
japovica (Maxim), jireviously frei'd from 
p-cymene. Ajipcar.s to bo a dihydro-p-cymene 
(V’^. Miirayaina Yakugaku/asshi, J. Pharm. Koc. 
Jap. 1921, 799). Found also in ajowan oil and 
the oil of Mosla (Jrossmrrafe (Maxim). 

MOSSITE V. 4’apioute. 

MOTHER-LIQUOR. Tlic liquid which re- 
i mains after the crystallisation of a salt or other 
solid. 

MOTHER-OF-PEARL. This is the nacreous 
lining of the shell of vaiioiis molluscs, notably 
that of the large pi'arl-oyster Mclaufrinn rmrga- 
rihfnn (Lam.). The nacre, is secreted by the 
i tnantli! of the molluse, and consists mainly of 
' cab-nim carbonate (the orihorliombic moditica- 
i tion eorresjionding with the mineral aragonite) 
i associated with organn^ matter (up to 12 p.c. of 
i conchmlin). On digesting the nacre in a dilute 
j a<ud, all the calcareous salt may be dissolved, 
leaving a coherent iKilliclo of connective tissue 
which retains the iridescence until disturbed by 
I pressure- The iridescence is due to the inter 
! terence of light reflected from the microscopii 
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corrugated edges 'of the delicate layers of nacre. 1 MUCILAGE. The older ■writers made a dis- 
In consequence of its pleasing lustre, mother-of-1 tinction generally between gums which, like 
p'^arl is largely employed for huttona, eountei-s, / arabic and tragacanlii, are obtained aa a solid 
card-cascH, knife-handlcH. and a great variety j exudate, and the gum whicli is almost a universal 
of trivial ornanienis. Large quantities are used j constituent of jilanls, especially of some seeds 
by tlu‘ iiianufaelurers <it Rinuinglmm and I and roots, and may be extraeted by treatment 
yheflield. An impoitant use is that of inlaying i with water (r/. (Jm. Ih, 209). The latter was 
jiapier-niaehe work, wink' it is also used in the I termed vnivtlai/i, or vcfjctnhh or 

ornameiilation of Moorish and other Oiienlal j yy/n?irc//.''r////ij// ((Jer.). Among the more im» 
furniture. i\lother-f>f-pc‘arl is sometimes deeoi- i ])oitant souiees of tins gum aie marshmallow, 


ated by engraving, espi'cially by tlm (‘Innese, or 
by having a jiaitern e1el)e<i ujion it by means of 
aeid. In tiude iliree varidies of ahell ui(‘ 
rceogni.sed—namely, the vvlnle, tlu' gokl-edged, 
and tli<‘ blaek-edin-d liaik sIm ils are known 
gen(‘j-.dly as ‘smoked iieail.’ 'I’he ]nimij)al 
iislierii's for jiearl shell .iie in 'r<ines Sliails, oil 
the noi1h-\\(‘s( roast ol W'estern Auslialia, in 
the Sooloo Ar< liijK'lago, m the I’<‘isian (bill ami 
Red iSea, and lomid 'I’aliili aiul sinue oilier 
islands of tlie tSoiith I’aeille. 'J’he shell is eom- 
monly known m (lie maiki't iiy the name of its 
jilaee ol shijunent, sueli as ‘ Manila ’ and ‘ Egyp¬ 
tian ’ Hiiells. In tlie l>av of (‘.iliforma and tlie 
tbilf of Panama molhei -of-])eail vhell is ohtamed 
from the JlhlcaifniKi caliJoniK a (< jn.). ami passes 
ill trade as ‘ liulloek s\iell ’ 'J’lu' hiitliant sliells 
of tlie Hdliolin and emt.un species of Tinho ai<‘ 
also used for inlaid jiapiei-maelie and oIIk'I- 


suii'p, fleawort, linseed, and quince; r. Gums. 

MUCONIC ACID. or aUlCH: 

ClPCil :(.'ll ('(),,H. A wliife crystalline solid, 
ni ji. above 2<>0''', foiin<'(l by the action of 
aJcoholie jiotash on ^y-di-laonio-adipic acid 
(Hujie, AnnaJen, 2oli, 22; Kuhemann and 
JUaekman, ('hem. Soe. Tians. 57, 373), slightly 
sohihlf m hot water, soluble m alcohol and aertie 
aeid. J'’otms ^-taitaiic acid by oxidation 'willi 
jiota«snini pcinuinganale. togi-lbei witli fornne, 
i-.U'bonie, oxalic, inucK-adds, Ac. J/i/dc orn/ is 
obtained in yields up to Uti ji.e. of the tlieoretieal 
by oxidising a neutiui solution ot sodium 
niuconale with sodium chlorate in juesenee of 
osmium ti'tioxide and a few diojis of acetic aeid 
(bebiend and ileyer. Amialeii, J91th 4(S, 294). 
MUKOGEN V NvNniLTTC! luiufis. 

MULBERRY, Mamfi sjqi. The name of 
si'veral vaueln s of tiees, giown for fruit, <»ina- 


oriiiiinental ]>utj)o.s<s. A'rr \V. H. Ji.dl, Anu-i. incut, timbei, simile, or for tin-sake of the leaves, 
Mat. 18S3, 27, 579 : and K. Ntteefer. I'eails wliicli foim tlie best food for silkwoims. Many 

and Pearling lale, London, lS8(i; G. h'. Kunz ' siieeies am] vanela-H are known, tbe thii'e best 

and («. 11. Sli'venson, 'J’lu- Jioolv ol tlie Peail, j Known (vja-s being Jl/. (ilhii (Limi.), M. iiKjra 

New’ ioik. llIbH. 1>. .!, S. j (Liiui ), and J/, rii(»a (Jann.). Eresenius 

MOTTRAMITE e. Vamadium . PsiriAcixiri^ | (Amialen, IS.5, 101, 219) ioiind in tlie fruit of 
MOULDS, feiiiu-ntatioiis piodiiced by, r. '■ black inullidues— 

I'ERAiEN’rATiox’. j pr,.,. liivi-it- SeCiK ami 

MOUNTAIN ASH. Soihv.‘< Avcnjunui (Linn ) j '''atci J'lotem acid sim.tr I'cctins lihre Ash 


or \l‘i/rvs Aui'njinno ((bi<-it.)| Anncr /m. 
Jioiran. Tlie fruit of this plant alloids om* of 
the be.st natural sources ot mabe aeid (yr.) 
and of sorbitol. A jiaitml analysis of tlie 
berries by Keliiofer (('hem. Zeit' IS95, 19, 
JH.Ri) shows them to eoniain 2 7-S ]i.c. free malic 
neid, 0 49 ]).e. tannin, and 0 27 jie, of sugar. 
Stirbinose is not present in (Ik- jinee of the iij>e 
berries, but. on (lilution and keejiing for some 
months, is [irodueed by Ike oxidation of the 
sorbitol (Freuiid. Monatsb. 1891, J I, 5(;(>). Tims 
oxidation is effi-eted by a specific bactenuni 
(liertrand, Gompt. reiub 1898, ]27, 124, and 
728). R.I. 

Mountain blue. syn. with Azmiic 

Cu(H()),/2{'u('();,, e. CoiTUR. 

MOUNTAIN CORK, FLAX, LEATHER, 
WOOD. Sei'A sukstos. 


84*71 0 39 1-Sti 919 2tt3 Mb 0-b5 

The leav'es contain trom ()2 to 73 p e. of 
water, and the diy matter contains tioni 3’8 
to (i-| ])(,-. (tf nitrogen and fiom 7 to 8 5 j>.e. of 
ash iSestmi, V'ersuchs. Stat (hgan. i5, 280) 
Aljie (Ried. /entr. 1900, 29, 422) estimates thal 
in Italy about 20 kilos, of woi.d and 25 kilos, 
of leaves aie lemovcd fiom eacli tice annually, 
and that tins robs tlu^ soil of about 510 giammes 
of N,'172 grammes <>1 JLOg, and 48() grammes of 
(‘aO. a loss which could be made good by about 
J0(t kilos, of f.irin-yaKl manure to eaeli tree. 
Menozzi (Cbem. Soft. Ab.str. 1899, li. 082) 
found the dry matter of mulberry leaves to 
contain 5-0 pc. of pentosans and IJ'2 p.e. of 
eelliilose. For a detailed study of the nitro¬ 
genous eom])oumis of mulberry leaves and 


. ' particularly of tlie products of llieir hydrolysis 

MOUNTAIN GREEN. Syn. with Muhrlnif j v. Kalayanm (Rull. Jmii. Sencnlt. J^xper. Stat. 
(7.V., also V. toppKR). 'J’lu- term is also a])plietl | Makano, Tokyo, Jplb, 1, 1 ; ,1. G. 8. 191b, abst. 
to a mixture of Sehw'einfiirth green with gvpsum 1 i. 875). H I 

' I MULBERR\ PAPER. The inner bark of 
h ALc. I /?roa,s-srwr(m papynfent (Vent.) contains liast- 

^ ' 1 fibres wlueli are u.sed in Gluna and d.apan for the 

MUCIC ACID V. ( ARHIIHYIIRATKS. Mucie I preparation of a kind of })apcr, and in Polynesia 
acid is made comnicreially by an Ameneaii I for the nianiifactiire of a fabric, 
company at Kiircka, Montana, by Arrec's pi-o- I MULHOUSE BLUE r. TEmiENYLMKiHAKE 
cess, which consists in treating larch sawdust | colourino matters. 

wifh a hydrolytic agent, oxidising the re.sulting MUM. A kind of fat ale, brewed from 


galaetoso with nitric acid, evajiorating and 
crystallising. It is used as a substitute for 
cream of tartar in baking jiowder and is con¬ 
sidered a safe food for diabetics. 

MUCIC FERMENTATION GUM v. Gums, 


wheat and hitter herbs. 

MUNDIC. The name given by the Gornisli 
miners to iron pyrites. Similarly mispickel 
arsenical pyrites is known as ‘ arsenical 
muudio ’ 
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MUNJEET or MANJEET. The Ruhia cordi- 
folia (Linn.) was formerly extensively cultivated 
in India, particularly in tlie mountainous 
districls, for tho sake of tiie colourin'; matters 
contameci in its Hiom or roots. In the Dar¬ 
jeeling (Ustrict it oeeurs as a sm.all clnnher 
common all over the lulls, at elevations vary¬ 
ing frtiiu 3(K)(t to 7000 feet, imt most abunilaiit 
betwo(!ii 5000 ami 0000 tei-t, and is f'tund 
either creejiing along lh(' ground or climhing the 
trunks of trees in large lestoons. In Bengal it 
would se(un that, the dye of miin|e(“( is extraet.< d 
mainly from the stem, and only oeeasiunally 
from the root, as is the ease in the Noi tli-West<'i'n 
Vrovmees aii'l elseulnue in linlia. Tlu- munjeet 
of Dengal is app.irently ratlin the Jiithi'i 
miinjista ol lloxlmrgh tiian the Ruhiti roidijohii. 
'riiis sp'M'ics ol H'lxhurgJi IS, liiine\er, reduced 
to Hiihift coidifiihu in Hooker .s Blora ot Jh-itisli 
India. T'l prep.ire the d^ e the wood of the 
munjeet IS first dried, tlu n n ushed and pounded, 
and then geneiallv boile'l with uatei, Imt 
Sometimes iiieiely h-ft to steep in cold water. 
Tho solution obtiimi'd is ot <v (]e<‘jt red, and is 
used genetally to 'lyi' eoaise cotton fahnes. or 
the tliread u Inch is to he wovni into such f.ibries. 
Alum appears to be gnier.illv employed as a 
mordant, altlioiigli myrohalans abo aie lived lu 
tho Darjeeling disti-nt, and other astiingnils 
in the Maldah di«tri(t. In the lati'T district 
munje(‘t is used in eon)iiiie1ion witli mm salts 
to produce a deeji pm pie, and m the Daijeeling 
district IS mixed with indigo to form a niai’o'm 
(Mol'ami, Dyes .ami 'i'uns of iteng.al). The 
red and elmi-olates ot JCast. Imli.in chmt'/es wt ic 
formoity etiliiely '•l)t:inied Iroin mim|eet 'I'he 
colours jiruduec'd from munjei t are blight., but 
not so duMl»l(' a.s those lioin oidmaiy madder, 
the infcMoiit y Ixung due, aecouliiig to Stenhouse 
(Bharm. J.ihr. lib 14S), to Uie presiuieo of 
purimiiii ami an oiaiige rlye miiiijistm (pur- 
piHoxaotlun earlm.xylii- and) Kmige, who 
examined the tinotoi-ial power of munjeet, 

(onelndi'd that it eontaimd tune us mmh 
avaiJabU* eoloiiring matter as madde-r, but 
later < xjieiinKmls have sliow n that the < ohiuiing 
j)o\vn‘ is ii'iually less. StenliouHe found t.liat 
munjeet garam itie lias only halt the eolyiiring 
jiow'er of gaiam ine imuh' tiom Majih s roirfs, but 
that munjeet yn-lds (according to lliggin) from 
,52-55 p.e. of g.u’anciiie, whereas nmddi'r yields 
only Iit>-3:{ p ' ^ 

When madder was so much in yogiii*munjeet 
was emjiloyed to some extent m this country, 
because, it was considered tliat a good (jfciahty 
of this material contained as much colonnng 
matter as madder, and could be apjiiu’d by 
exactly the same methods. 

The important colouring matter of munjeet 
is purpann, and no ali/.arin ii* pre.sent m this 
root, and it is therefore interesting to note 
that whereas chay root eontains ali/-ann, and 
miMijeet purpurm, in madder both these Bub- 
Btanees exist together. 

For the analysis of the jihenolic eouwtituenls 
of munjeet, a modificati'ui of the method of 
Stenhouse, who first submitted this plant to 
examinati'Ui, is to be recommended. 

The ground dyestuff is digesUxl with boiling 
alum solution for 5 houis, and the deep red 
extract treated with acid and allowed to cool. 
The red precipitate is collected, washed and dried, 


and then extracted with boiling toluene (carbon 
disulpliido was employed by Stcnhousc), by 
winch means the colouring matters jmss into 
solution, and a resinous impurity remains un- 
dissolved. The colouring matters aie now 
reinoviHl from the toluene hy agitation wnth 
dilute potassium hydroxide solution. IJie alkaline 
liijuid IS acidified, and the jucuipitate collected, 
washed, and dried. Jn order to separate the 
eoiistituents of this product it is extracted about 
tea timixs with boiling dilute aeetie acid, and 
the dark red resiikie consisting of parparm la 
crystallised from ah'ohol. 

Tlie (Mtlier {n-eti(‘ acid extracts are mixed 
with hvdi'KliloiK' acid, ami th(» yelhiwish-red 
depiiMts are erystalli.sed from alcohol. 'I’lio 
lu'odurt consists of oiMiige-coloiired leaflets, and 
IS patjiiitoiii/dhia iifid. or ‘iniiuji‘<linf 

as it was IcMiied by .Sl<‘iilioiise, its diHciivi'rcr, 
who liisl oltlamc'l it fn>m iminji'ct. The [iro- 
jHM'tics ot tins compound hax e aiieady beeu given 
m detail uiulei Maudkk. 

.Muujcet has also lieeii examined by IVrKin 
and Hummel, who. in addition to tho above 
constituents, detected the |MeMcne(‘ of a trace of 
purpnnuitufhni (Chrm. ISoc. Trans. 1803, 03, 
115). A i\ 

MUNTZ METAL c. 

MUREX v. BuuchE Oh’ Tine Ancients. 

'I'he '1'yi‘ian oi ant.Mpie jmiple was mainly 
obtaiiK'd lr<nn sliell-ti.sli, esjteeially fioin Jt/iirex 
brandou'i. I'h ledlander (Monatsh. HH>7, 28, 01)1 ; 

20, 217) 1ms iHohiled 1 4 grains of a jtnre purplo 
dy(' from 12,000 spemmens of Mii-icx hr<i}idartSt 
ami has sliosvii (hat it i.s identical with 0:0'- 
dibroiiioindigo 

(S.'uIts Hiul Krtiipl, I!(‘3. IDO.'t, ;i*i, V. 

JnDKIO, SYM’UK'ric. Hll.l I'lINICIN. 

MUREXAN r. CiuMii,. 

MUREXIDE, aiiiiiKiinuin hi/dn»i(ti purpuratc. 

('„H ),N„,ll.(). The formal loii of a red residuo 
wIkui a Koluiion of uric acid iii mine acid is 
evaporated to drynes.s, was lirst observc'l by 
Sclns li' 111 1770, and torins the basis of the 
well-known i/iiirciidn ir-d for unc acid and 
conijiounds related thereto. In 1818 Brout 
(Ann. ('him. 11, 48) obtained the coloured 
piirici|)lo m a cryKtalliue foun, and regarded it 
as the ammonium salt of u hitherto unknown 
acid, whicli he nanie.d purpuric acid ; and by 
ilouble decomjiosition jirepared several other 
' red jiurpiirates. Liebig and \Vbh!<*r (Annalen, ^ 
i 18.38, 20, 310) showed that the compound 
I obtained by the ai tioji of mineral acids on 
! ammonium piirjiurate, ami regarded by I’rout 
las the free acid, w'a.s in reality ‘ murexan ^ 

! (afterwards identified by Beilstem with vrairnl), 

' which, together with alloxan, form the chief 
I jir'iducla of dee(>mp<.)8ition of jiurpuric acid by 
‘ miiu'ral acids. Thc.se authors therefore gave 
! the name of 7niir(xidc to the noinjiound, reprding 
It as having inoie of the nature of an aeiu amide 
’ than of a true amnmiKum salt. Subsequent 
w'ork has not justified Ih's conciusion, however, 
since purpuiic acid mixed with ammonium 
chloride can be obtained by the action of dry 
hydrogen chloride on murexide suspended in 
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hot anhydrouar acptic acid ; it is an orant^c-red 
powder, and iorma soluble salts with organic 
bases such as niethylaminc, cthylanune, pyridine, 
quinoline, and unilinc (Molilau and Litter, J. pr. 
Chem. 190^), |ii,] 73, 449). ?». (Eschner de 
Cotiinck ((’oinpt. rend. Soc. biol. If), 558) for 
greater dehniLioii of the reaction. 

Prcjtaiahon .—{() Froiii uric acid, by oxidis¬ 
ing with nitric acid and subscqucut tieatment 
with ammonia or ammonium carbonate (Fioui, I 
Lc. ; Licbig and Woliler, lx. ; Kodwcisw, Vogg. i 
Arm. 19, 12; Fritzscbe, Annelen, J839, 32, 31<)}. | 

(2) From allf>xaiitin or alloxan by the ! 

action of ammonium salts in solution (Fritzsclic, 
f.c.; Liebig, lx.; (Gregory, J. pr. Cbcm. fi.] 
22, 374); or by passing dry ammonia over 
finely jiowdeicd allo.\aii(iri at (({meliii. 

Hand. 1. ('hem. iv. 19.5). Aceording to j 

Piloly arnl Finekh {Aniuden. J9(i|, 333, 22), a ; 
yield of HO p c. of pure mmvxide can In- obtained i 
by adtbiig 5 grams of nlloxaiitiu in 200 c.c. ot , 
water to a mixture of 25 giaiiis of ammonium j 
acetate in 100 c.c. water and 15 c e. of 10 p.c. 
ammonia saturated with eaibon dioxide; tlie 
solutions are mixed at HO" and tlie miirex'ide 
crystallises out. The alloxantin may be re- 
jilaced by a mixture ol aminoinum dinliirate and 
alloxan. Hartley ((.'bom. Soc. Tiaiis. J905, 1791) 
prepared sja'clroseopically ]iure mnrexule by 
passing a stnnim of tliy ammonia into lincly- 
powderod alloxantin mixed w'ltli 100 times its 
weight ol boiling absobiti^ alcohol, foi 3 hours or 
mure. The precijutated aiibydnms murexidc is , 
washed with absolute alcohol' ami <lncd at 100'*, ! 
or in a vacuum. 

(3) From urarnil by oxidatnm witli mcrcurjc 

oxide in the presence oi ammoiu.i (liiebig and 
Wohler, lx.; Hcikstcin, Annaicn. J858, J07, 
170); or by adding alloxan to a saturated 
Hohition of uramil in imt ammonia solution 
(Liebig). ; 

'J’lu^ formation of muiexide by the iiiteructioii ^ 
of a<|U(!ous solutions of alloxan and ammo acids 
was first observed by tstreekei (Amialen, ]8()2, 
123, 393). Till) reaetion h.as been mole closely 
investigated by lilotv and I'inekli {ilnd. 1994, 
333, 22), and hy iluitley and Wootton ((’hem. 
Soc. Trans. 1919, 99, 288). Aciairding to the 
latter authors, the uniiiio acid is <jxidised by tb(s 
alloxan to tlio next low'cr aldidiyde with the 
olirmnation <if eaibon dioxide and ammonia; > 
the alloxan is reduced to dialunc aeid, which 
corabiiios with tlio unchanged alloxan to form 
alloxantin, and tins, with the ammonia, forms 
murexide. Tbt' red stain caused by alloxan on 
the skin is jirobably due to a siaular reaction, 
and it is suggested that nlloxan may jirove a 
suitable reagent for the detection of ammo acids 

Cowlilutiov .—Matignou (Ann. ('him. Pbys. 
1893, [vi.] 28, 347) rcgariled purpuric acid as 
the iraino derivative of alloxantin and expressed 
the constitution of its ammonium salt, mur¬ 
exide, by the formula 

N;NH, 


alloxan, and of uramil and 1: 3-dimethylalloxan 
are ieomerides and not identical as would be the 
cose if Matignon’e formula were correct. These 
authors therefore suggest that the constitution 
of jiurpuric acid is best oxjircssed by the formula 

or in tlie hydrated form 
NH-CO 

JNtu o \0O-NH/ 

tlie salts being derived from tlie pmido form of 
the acid 

I’llc.ty and Fiiickh (Aiinalen, 1004, 333, 22), 
having regard to the intense colour of murexide, 
assign to alloxan a quinonoid structure and to 
muiexide that of a diurexide oxazomum ummo- 
nium salt, and express its foiination from uramil, 
alloxan, and ammonia by the following seheme 

/N11(:0\ /('()—NH\ 

00( )('0 + HaN-c/, Xm) + NIT.,—II.O 

\(!OHTl Nil/ 


AMI ('U\ /(H) N1J\ 

[)( /(H) 


Moblau and Litter (Her. I!K)4, 37, 2(>8f); J. pr. 
(.’hem. I99(i. fii.] 73, 449) icpiescut muiexide as 
a kctoimide having an unsymiiictiiea! struct,uic 
such as may be expres,sed by Uic forniulre 

^.mvviK r.x:.f..vTT 1 


AA) - - NIL , 

The second of these is identical with that ])ro- 
])osed by Slimmer ami Sticglitz {Lc.); and 
deduced liy Unit Icy (('hem. Soc. 'J'rans. 1905, 87, 
1794) from a study of tlic action of alcoholic 
ammonia on alluxant.in. llantzsch and Robison 
(Her. 1919, 43, 92) point out the correspondence 
between their formula for the coloured salts of 
violunc acid and the abov'c formula for murexide 

,NH-(TK 

co: .:-c-No 

\MH ‘C'OM 
Viol urate. 

• Hnh-com 

I’urpuratc. 

the oxygen of the nitroso group of the violurate, 
being replaced by a malonylurea residue. 

Murexide cr^’stalliscs m short four-sided 
garnet-red prisms, with gold-green reflex. The 
anhydrous salt forms a brownish powder which 
assumes a green metallic lustre when rubbed. 
Its molecular heat of combustion is 7367 cal. 
(Matignon, Ann. Chim. 1893, [vi.] 28, 346), 
it is sparingly soluble in cold, more readily bo in 
hot water, insoluble in alcohol or ether. Tlie 


Slimmer and Sticglitz (Amur. Chem. J. 1904, 31, j absorption spectrum shows two absorption 
661) showed that the molecule of murexide . bands, one in the visible spectrum and one in the 
could not have a symmetrical structure, since i ultra-violet (Hartley, Chem. Soc. Trans. 1887, 
the ammonium dimoihylpurpurates obtained liy | 199 ; 1995, 1805). 

the condensation of 1: 3-dimethyluramil and Solutions of murexide dye silk, wool, cotton, 
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or leather red to purple shades in the presence ' 
of mercury salts, or orange to yellow shades in : 
the presence of zinc salts, and at one time the , 
compound was prepared on a commercial scale, 
as a dyestuff, from the mic <icid extracted from 
guano. The fugitivencss of the Cidours in the 
i>resouco of even sulphurous acid, and tho 
superiority of tho aniiiue dyes have caused it to 
bo entirely su])ersedcd. 

In addition to miiroxidc, the following salts 
of purpuric acid have been di'soribcd: .--odiiim 
W/t^glljNaOaNj,, d.uk hnek-red .solid ; 
pulas.'tiam Injdnxjm mli dark led 

inicroerystalline solid, juepared like the other 
salts from niure.xidi; by doable d('eouii>oHit inn, 
also by oxidising dipotasKiinn uraniil with iodm«‘ 
in ethereal .solution (Ihloly and FnieKh, Aiinalen. 
1904, 333, 22); iii-fxila-'isium ixtlf C^II.K d)AN5, 
dark blue sobd, formed by ilissolviiig the 
tnouo-potassium salt in potassium hydioxide 
(Fritz-schc); calcium f^alt (’«H ,<‘ii( daik 

green crystalline preeipibite (Heilsteiii); li<nituii 
sail I 5 a((’gH 40 flN.)j. 3 lljU, <lark greiui jirecipi- 
tale, vi'ry s|)armgiv soluble in w^atei (t’nli'selie) ; 
xdacr salt ('^11 ,Ag<I U! ,0. bught }mi|ile 
])o\vder; a sidutioii ot nuiH'Xide gives a led 
precipitate with h‘ad aeetate and a hroiize leil 
pr<“.eiintate with menuiric cblonde. 

Mclhi/lniuinr purpuiaU ll^-t h pre¬ 

pared by the action of mcthYlaimne on alhixan 
ami alloxautm. bams led micioseojui ihoinluc 
crystals, loses 1L<) al 110", deeum|ioseh at ^lO"’, 
and w'hen Insated with water yields 7-melhyl 
uramil, iiUoxaiitiii, alloxan, and melliylaminc. 

VAhjlununc puipiimtc ^OaNb.!! dc- 

<-omp(»s(‘S at 20.'’)'^ (Mohlau and Litter, 4. pr | 
Cheni. J90(). [u ] 73, 449). 

Otlu'r derivatives of purpuric aeul are: 
ammoiuam-i : W-dimcthi/ljiuipuratc 


(, ^NMc*('0-^..^T (^' 


'Hk) Ml'" 


CO 


formed from 1 : 3-djmeUiyluianiii and allox.m 
in the presence of ammonium earbonat<“, crystal¬ 
lises in small four-sided jiiisms, is slightly 
yellower in colour than nuirexide, and closely’ 
resemhlca its isomeiado amiiiuniiim C: 3- 
divh ihylpurputalt 

^^<NH-C(0.\H4k‘' ''(X) NjM.-'*" 

similarly obtained hum uramil an<l I :S-dimetliyl 
alloxan. 

o-Mdhuljiurpiinc acid 

prepared fr -m methyl iodide and anhydrous 
potas-sium jimpurate; the isomeric O-i-imtkyl- 
ftyrpurale 

.NH-CO, aV'NH,. 

‘"0<NH-C(0Me)^' CO-NH-^^ ’^ 

obtained from methyliodide and silver jiurinirate 
is unstable (Slimmer and SlienlitK, Anier. Cbein. 
J. 1904,31. M. A. VV. 

MUREXOIN {ktramcihi/lmurcxidc '!) 
Ciat„().N, 

is prepared by the action, of air and ammonia 
on dry or moist amaiie acid (tetramethyl- 
alloxantin) (Bochleder, J. 1850. 430; Brunn, 
Bet 1888,21,014); or by treating desoxyamalic 
acid with bromine, and afterwards with ammonia 


(Fischer and Ach, Bet. 18!),">, 28, 2477). It 
forms emnabar-red four-sided prisms reliecting 
a golden yellow light from two faces, it siiliUmes 
at 230", and dccomposea without jirovious 
fusion at a higher tem|jeiiiture. It is s|Kiringly 
solubii* m alcohol or water, toimiiig ileep jmrple- 
red stilulioiiH. It is decomposed on ^wanning 
with hydroehlone acid, hut the only product of 
tlie reaclion that li.is been ulentilied is dimeihyl- 
piuabanic aeid (choiestroplmn) (Uruim, l.c.). 

M. A. W. 

MURIATIC ACIU V. CniiOlUNE. 

MUSCARINE, an extremely 

toxic hiise, w'as lir.st’ isolated fiom Amanxia 
iniiscaiia i'V Sehmiedeberg and Kopjii^ {has 
Miisvariu, Leipzig, 1S(>!>) and oeeiiis in other 
poisonous funt‘ 1 . Ils conslitution is unknown, 
but it was origin.illy eoiiHideu'd to bti an oxida¬ 
tion ])Vi)duet o{ ('holme Sehmiedebeig and 
ILuiiack (Aifli.^exp I’.itli. IMiarni. JH77. b, 
loll, hy the jution of mtne acid on choline, 
ohliiined a biisi- wlm h a|i|n‘ai(“d to be identieal 
with miiM-arine. ami to ha\<‘ the constitution 
»)lf.\ ((’11,),(’ll ,(’11(011), Muse,lime was thus 
coiisi(ici(“(i to be ii hyilniteil aldehyde derived 
trom I'liolim*. |)ilh-:eiices in the jihysiological 
action ot the .s^ntliclic and n.iluia.1 bases were, 
howeicr. |>omtcd mit bv» Lochm (Arch. exp. 
I’.dli I’havm. 188.7. 19, 187), while the cheimcal 
loii.stitaition w’iis jilaccil in doubt- by tin* worl< of 
Bctlinei hlau (Ih'r. 1884, 17, 1141), who synthe¬ 
sised lli(‘ ahiehydo coiI'cspomliiig to choline, 
ami .1 K. t'lsc'hcr (I’.er. 18!):L 2t), 479). who 
coiilirmcd the coiistitulion of Bciliiicrblau’u 
base l)v oxidation to hi'taiue. 'I’he ahiehyde 
(litlcred considcr.ililv ni its physiological ii(4-ion 
I liom both ' Hynt licf a ’ ami' natural ’ muscanneB. 
i Notlmagel (Aicli. I'h.iim. 1894. 232, 280) con- 
; liniicd tlie eailier woik Irom the cliemieal side, 
Iwliile Hans M»“vei coiitirmed and extended 
[ Ijoehm’s observations as to differeneea of 
! physiological action. 

I 'J’lio eonti.ulKt-oiy natuie of tlioso results 
was explained hy Ui(‘ tli.scovery (tiwins, Bio- 
iClicm. .1. 1914. 8, 209) that Sclirniedebeig and 
' llainack’s l)aHc. was not -in uldehjdc but the 
I cliohne e.ster of nitrous acid 
i (_)lhN(('Hj,,('II,(’HoONO 

: tlie nitrogen in tin; molecule, winch hero renders 
' analvsis difficult, not having been prcvi<jusly 
! flete’rmmcd ‘ tSynthetic ’ or ‘ jiscudo ’ muscarine 
iihiiH belongs to the senes of choline (^Kte^8, 
'I many of which, as slniwn by Hunt and Tavoau 
I (llygien. Bull. No. 73, Washington, 1911), 
]>os.scss a very high degree of physiological 
activity. In particular another mcinber of this 
Hcrie.s, acetyl-eliohne, whicJi oficura in ergot 
('/.{’.), has been showm liy l)a)<5 (-/our. Vhysiol. 
1914; Troc. Bhysiol. Soe. in.) to apjiroxinmto 
to tlie muscarine typo of action. 

Natural muscarine w-ould not, however, 
ap])ear to be an estei of choline, since its solu¬ 
tions are not deeomjiosiid by boiling dilute 
alkalw or aciils. Invfi.stigation of a number of 
derivatives of choline (Ewins, Bio-(Jhoni. J. 
1914, 8, 3b(>) revealed in some cases a very 
close resemblance in physiological action to 
that of muscarine, but th<! constitution of the 
latter remains unsolved. {Cf. Weinhagen, 
J. Amer. Uheni. Soc. 1929, 42, 1970 ; Ohem. Soc. 
Abstr. 1920, 118, i. 093.) G. B. 
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MUSCARINE, This name is also given to 

cin(CH,),x:,h,<n>c.„h,oh 

tlic chloride of dimethyl ])lioriyl-/i-amniuniuiii-^- 
hydroxynaphtli'ixuzini'., obtained by tliu action 
of nitrosodimetliylanilino liydnichlondo on a- 
ddiydroxJ^najihthalene. A onlourm^ matter 
introduced by J->urand and Tfumienin. In a 
brownish-violet )«)w»Jer, spannj'ly soluble m cold 
water but rtnidily soluble tn liot water with a 
bluish-violet colour. Alhalcj luecijutate the base 
as a yellow-blown powdei. l)y(!S cotton mor¬ 
danted with tannin an<l tartar emetic a blue 
colour V. OXAZINJ2 rOLOURINO MATTI^KS. 

MUSCOVADA. 'J'be unrelined brown or raw 
sugar of eoiumeree v. iSuoak. 

MUSCOVITE or MUSCOVY GLASS. A term 
occasionally ajiphed to mica ( 7 ./'.), 

MUSHROOM, the name g^ivim to various 
spiM'ies of (slihle fungi. Spi'cies of in(s, 
Laiiariii.'y, and ditpn/iii.s, and po]m]arly even of 
lioUiuK, Polyporax, and Morrluiht, furnish most 
of the edible mushrooms, although sohh' si>eeies 
of the same genera ai’e ])oisonous. 'I'lie following 
analyses, chiefly from Jvouig, are of eihlile 
fungi: — 



Vmllwta (.^1 mnevK) 

('ainpesinx (Qiu l.) 8y7 4 9 0'2 0 4 07 2 f) 0 8 0 8 
CanlhiirelUiH cibariux 

(Fnc^,.). . 9i 4 2 (• 0 I 0 7 0 2 H I 0 0 7 

Boletus cdlilis (lUiII ) 87 I 4 0 4 0 4 2 2 2 0 I 0 10 

„ lutciis (biliil ) t>2 <■> 1 fi 0 y 2 0 2 0 1 2 0 r> 

Laetaritis delicnnus 

(Fries.). . . . 88 8 3 I 0 7 2 2 0 9 3 ♦> 0 7 

(?) Polyporiis ovinus 

(Scliail ) . . .9101000 20 J 7 J 8 0 7 

Morefiellu esculetifa 

(TVrs ) . .90 0 3 3 0 1 0 7 0 1 3 7 OS 10 

Copunvs I'omalus 

(Vers ) . . . . 94 3 2 0 0 1 2 0 2 0 9 

Mushrooin.s are liable to con.siderable vana- ; 
tion in composition according to tlic age at ' 
which they are gatheied and to the eluiraidcu- 
of the soil or other medium on which tliey are 
grown. The nitrogmious matter and ernde 
fibre are the most variable eon.slituents. Owing 
to the very large ])ro])i)rtion of nitrogenous ; 
substances in the dry matter, mushrooms are 
usually consideied to he highly nutritious, but, 
according to the investigations of Sallct (IHS.'i), : 
Uffebnami, iStrobmer (IH8(»), and Mendel (1898), 
the nitrogenous matter lias a low digcstihihly, 
about Ih'l p.c. of the pure protcids usually bring 
indigestible. Of the total nitrogen, from 
CO-80 )).c. exist-8 as jiroteid, (i-Kl ji.e. as annuo 
acids, 11-17 p.c. as acid amides, and abi-ut 
0*2 p.c. as aminoma. Choline occurs to the 
extent of O’Ol p c. m Coulhardlus eibanu.x, 
0’0ir> p.c. in Pxalhota ctimpesfnn, and 0*(f0.>(» 
p.c. in BoJetm cdulU (l*olstorlf, Chem. Zentr. 
1909, ii. 2014). 

Lietz (Zeitsch. Nahrungin. Untors. Hygiene 
u. Waarenk. 1893, 7, 223) found that 19 varieties 
of niuahrooma contained, in the dry matter, 
from 0‘08 to 1*04 p.c. lecithin, and from Od I to 
3*08 p.y. of combined phosphorus pentoxido. 

Gilson (Compt. rend. 1895, 120, 1000) 
obtained, from various species, a substance 


j identical with chitin, the homy external covering 
I of insects. The fat consists of phytosterol, and 
i a dark brown oil, about half of which consists 
' of free fatty acids, the remainder being neutral 
fat (Opitz, Arch. Fliarm. 1895, 229, 290). 

The non-nitrogenouH extract of muBhrooms 
consists chiefly of mannitol, trehalose (or 
mycose), iiiuhn and jiontosans. According to 
ihmnpielot (Com fit. rend. 108, 508) mannitol is 
largely jiroduoe.d from the trehalose during the 
after-ri|)ening and drying, whilst the trehalose 
itsi'lf IS formed from some dextrin-hke carbo- 
hydrale, which constitutes the tissue of tho 
fungus. The juojiortion of iientosans is small; 

; Wittmaim found about Od p.c., whilst Merioz/d 
((Jhem. Soe. Abstr. 1899, 11 . 083) found, in the 
dry matter of Pxddux ninlis, 1’9 p.e. 

Ilie asli vanes in amount aiid composition; 
it foiins from 5 t<i 9 p c. ot the dry matter, and 
usiiiillv contains about 59 p.e K.o(), 30 p.c. 

with smaller quantities of hme, magnesia, 
soda, Silica, and cliloiine. Alumina i.s often 
firoseut, m some cases to the extent of 5-7 p.c. 
A iioisonous fungus, Aniinnla uiu.sciirm (Pers.), 

’ contains an isoineiKh* of betaine, muxcorivc 
, ('H(()H)ddl.'N(('H which acts like u 

. fitomaiiu*. One of tlie edible fungi Gyroirnira 
, {Udvdla) rsrulciila (Fries.) in tlm fresh state, 

' contains a fxnsonous constituent, helvolhc acid 
(•j^ll^,/); (llohin and Kulz, Arcliiv. expcii- 
meiib'lh* Path. 19, 4(13). H. 1. 

MUSK. Moxchii-x, LIS. P.; deleted from 
I 11. P. 1914. {Mii.'-r, Fr.; Mo'-t/uis, Ger.). 

Musk consists of thi* iliied seeietion ot the 
I fuepuliJil follicles of Ihc musk deei, Moxi/ius 
i iiioxi hijv) MS {Lin II.), which inhabits tlu' mountain¬ 
ous distnets ot Central A.sia. CJ. I’meira (Mat. 
Med I 111 .I 2 , 2251). U IS the most important 
article of export from Tibet, the principal 
niaikef. heiiig at 'rassienloii. iii th(' finiieijiality 
of Kiala, which liimishcs Irom 1290 to 14()0 
kilos, annually. Its value is now irom 12 to 13 
times its weight in silver. H’liree ijualities are 
recognised by the Tibetans—first, golden- 
yellow ; second, clear rod-brown ; and third, 
decfi red-browm. It is largely adulterated by 
the addition of a mixture of blood, yolk of egg, 
and meat. An analysis by (4eiger and lleimann, 
qiioVd by Gmelin (Handb. (.'hem. 2, 1449), 
sliows that it contains cholesterol together with 
fatty, waxy, and albnmmous substances. The 
well-known odour of musk is due to the presence 
ot a ketone wmkom. When distilled w'lth steam 
Vrude musk yields I‘4 p.e. of a dark brown oil, 
ablaut half of which distils at 2()O'-210° under 
9 mm. jHcssure. Muskone ('ibH 28 G or CnH3(,0 
IS obtained by treating the distillato with 
alcoholic potassium hydroxide and distilling the 
product at i()()‘’-i(i4'^ under 7 mm. pressure. It 
IS a colourless,,viscid oil, boils at under 

2 mm., or with slight decomposition at 327‘'- 
330^ under 752 mm. ])res8ure. It is sparingly 
; soluble in water, readily so in alcohol. The 
oiime melts at 49®. The snmenrhazone melts at 
' 133“-134'^, and is odourless, but gives an odour 
' of musk when heated with dilute sulphuric acid. 
The fraction of the oil boiling at (»5°-109® under 
i 7 mm. pressure obtained in the preparation of 
muskone has an unpleasant odour and gives the 
: piuo-wood reaction lor pyrrole (Walbaum, J. pr. 
I Ohem. fii.] 73, 488). Sack (Chem. Zeit. 1915, 
; 39, 538) describes a different odorous ketone 
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civetone (zebetone) C«jH 3 oU, m,p. b.p. 

204®-205°/17 mm. or 342®/741*5 mm., ^ig an 
orime, m.p. 92°, and a •,cmicorh(Jznn(>, m.p. ft?®. 
Besides its use as a perfume, musk is employed 
in medicine as a nervous stimulant. According 
to Bcrthelot the odour of 10“^’ gram may still 
bo recognised. Bazzoni (.J. Franklin Inst. 1915, 
80, 403} found that llio loss in weight of dry 
musk during 7 months in a current of dry air 
was about 7 p.c. of <idorous constiluonls ; wlien 
it ceased the musk was no longer odorous. 

Compounds having the odour of niusk have 
been prepared synthetically, hut such suhstanci's 
have an ontindy <htlorent ehoinical structure. 
These arc, however, not poisonous, and are 
largely suhstituto<l ni the cheujKT forins of per¬ 
fumery for the ex])ensive natuial jirochict. 'Phe 
musk substitutes at jircsent known are triiutnt- 
wr/</-tertuiryl)iityIloliicne and the eorie.sponding 
coiiijMuinds obtained from the hoinologues of 
toluene, anil tlu' dinitro ilt'nvatives of tin* 
ket(»nes which are formed by the interaction of 
acyl ehloridcs on butyl <lern'atives of toluene 
and hoinologues (Ibiiir, ( ompt. lend. HI, 2.38; 
Ber. 24, 28.32 ; i/od. .31, 1344). 

MUSK, ARTIFICIAL ?•. Butyl. 

MUSK-ROOT t>. OLKO-KhSlNS. 

MUSTARD. Mustard is derived fioin the 
seed of an annual cnieiferous plant wliieli grows 
wild or is oulliv.ited m (Beat Britain, and 
tbi'oughout Furope, the United States, and many 
otlicr countries. It grows t.o a height of from 
3 to b feel, has yellow llowers and lyrate loaves. 

Two varieties aie commonly used, tSifxijns 
alh'i (Lmn ) or white mustard, ami Jinisf(u<i 
ni'ira (Koeli) or Irl.iek mustard. Tho w^ods 
of the former arc sphemal. 2 to 3 inm. in 
diametcj, of a buff (Colour outside, with a finely 
granular surface, d’hosc <4 black mustaid are 
from I to 1'.3 mm. in diameter, liave a dark 
brownreticulati'dsuiface, Imt are yellow within 
Indian nnistanl is /ba.'v-.suu junrra (('os.s), 
and the Itussian sarejita nuistaiil i.s B. 
rmwi (x\ndr.). The Dakota (wild) niustard 
or Ohailock is H. sitKipiyirnm (Boiss) (or Sumpix 
arve/un^ (Linn )). 

Brrpatnitov. —'I’he grourul farina is usually 
a mixture of the two vanelKs, arul is jiiiii^ired 
by crushing tho seeds, winnowing out> the 
husks, which form an t)l>stacl(‘ to fine grinding, 
and sifting. A large ^iroporlnm of the fixed 
oil is very generally renmved by hydraulic 
pressure. 

Componlion —'I’he mam constituent of the* 
seed is the fixed oil, which is tasteless ^uul 
nearly odourless, and is employed for mixing 
with other illuminating oils and sometimes for j 
culinary puii>os<‘s. This occurs in both vanefn's 
of the seed, d'ho valuable and characten.stic 
properties of mustard are due V) the volatile 
oil, allyl t-io-thiocyanafe, (JjHjNC'S, which, 
however, is not present in the mustard as such, 
but is formed by the action of water and an 
enzyme, myrosin, which is jiresent in both kinds I 
of seed, on a glucosido, potassium inyronate i 
KOjoHisNSjOjo, w’hich is only found in the ' 
black variety. White mustard also contains a 
glucoside, tfinaJhtn (f’ 3 i,H 4 aN 2 y.0,^), which on 
hydrolysis forms an acrid pungent oil, acnnyl 
Uo-tkiocyannit (C,H,0N(\S), w'hioh, however, is 
only slightly volatile w'ith steam. Mustard seeds 
contain mucilage but no starch. 

VoL IV.—T 


START). 

! Fairly complete analyse# by Piesse and 
Stansell gave the following results— 



Tablk I 





j Whole seed 

^ Farina 


i While 

Brown 

White 

Brown 

Moisture 

.: 83ib 

8*.32 

(^•04 

4-83 

Fat 

. 2(i*53 

2.3-54 

35-11) 

37-0.5 

Olliilose 

9-()9 

9-01 

5-79 

2-80 

kSulpImr 

' 0'!h; 

1-28 

J-27 

1 43 

Nitivgen 

4-51 

4-3S 

4*7.3 

4-75 

Proteins 

28-21 

2b-r)0 

29-.5() 

28*71 

Myrosm & nibuinm 

4-91 

5-24 

()-70 

(^•4(^ 

Soluble matter 

2(>-8.3 

24 -22 

3.3 94 

31-94 

Voliif ile oil 

0-07 

d-47 

9-03 

144 

A.hIi, totjii . ^ 

4-(1.3 ^ 

4-98 

4-28 

4-93 

Ash, Hl)lul>l(‘ . 

()•().% ; 

1-11 

0 44 

0*92 

Potassium mvronat 

‘ 1 — ' 

l-(i9 


.5*15 


Mustard is chieflv used as a condiment, but 
I is also emi)loye<l m nicdieine internally as an 
I (“metic and extcaimlly as a rubefacient and 
I counter-irritant. 31u‘ volatile oil, from black 
j mustard seeds, is also oflu'ial in tho British 
Pharmacopo'ia, and is a powerful vesicant. 

Table-niustavd, as we use it to-day, is said 
to hav<! bemi liist pi-cpan rl m 1720 by a Mrs. 
ClemerBs, of Durham, wlio conceived tho idea 
of grinding the seeds in a null and mixing the 
jiowdcr with w'atiT. Before that time tho seeds 
W'cro sent whole to table. 

Adiiltirai'ion. —Praoticaily the only adultera¬ 
tion to wlileh mustard is subject in this country 
IS tlie addition ol foreign starches, accompanied 
not urifri-qiicntly by tnrincric or aniline dyes to 
restore tho colour, ('ayrainc j>ej)]ier is also said 
to be iidchid f () increase tin* pungency. 

The addition of staii'li is defended on the 
giound (.hut it confers better keeping properties 
on the pre|);Hatioii and ]>icve]itH it caking. 
I’roviderl the nddilimt is notified and the amount 
moderate then'IS no objection : but in England, 
at all events, it is qudi' unnecessary. 

In inferior grades traces of starch may bo 
prcHi'rit owing to the accidental admixture of 
starch-bearing seeds during the guthenng of tho 
crop. 

3’he removal of the fixed oil has been re¬ 
garded by some as an adulteration, and at least 
one successful prosecution has been recorded in 
this country {British Food Jouma!, J903, 278). 
The practice, however, is very general, especially 
oil the (Continent, and little can be said against 
it. The fixed oil adils nothing to tho flavour, and 
is certainly liable to become rancid. 

The admixture of ground hulls in excessive 
proportion has also been recorded. 

Ddrriwn of advlterafwn. —Added starch is 
detected by the rnicroBcojie. If much is present 
tho addition of iodine solution will stain the 
.sample blue. As, however, the volatile oil 
absorbs iodine rapidly, it is desirable in the 
case of small quantities of starch, to prevent the 
formation of the volatile oil by previously 
boiling w-^ith potassium iodide (Amer. J. Pharm. 
1898, 7(1, 433), Tho determination of the starch 
ma)’ bo effected approximately by microscopical 

2 o 
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comparison of tlie sample with mixtures of 
mustard containing known weights of the 
particular starch ascertained to be present. 

Methods based on the conversions of the 
4itarch into sugar and the estimation of the 
reducing power arc not very satisfactory, owing 
to the presence of other reducing substances 
not derived from the starch. To obviate this 
as fur os possible the conversion should be 
by diastase, and sliould be preceded by extrac¬ 
tion with ctlier and JO p.e. alcohol. 

A method in which the fitarcli is weighed as 
such is that of Kreis (Chem. Zeit. J9I0, 1021), 
in which the substance is digested with alcoholic 
potash, the insoluble matter, aftiT washing 
with alcohol, is heated uiMi dilute sodium 
hydroxide, and tlie solution diluted ami filtered 
and a portion of the filtrati* treated with an 
equal volume of 9.'> ]).c. alcohol. 'The precipitate 
is allowed to setth' (aided 1\^ a eentnfuge), 
lilteri‘d off, washed with TiO p.<!., then with 05 p.e. 
alcohol, finally with ether and dnid and wejjyhed. 
An allowance of ,‘i ji.e. sliould made for non- 
starchy Hiilislaiices in the precipitate. 

The pro[)<)rtion of addctl starch may also be 
calculated, in the abscnci; of other adultciants, 
from the reduction in the jiercoiitagc of nitrogfui 
in the fat and wat<‘f-free sample. Methods 
ba.Mod oil the deterimnation of the tixiid oil are 
obviously unr(‘liable. 


Turmeric is detected by the microscope or 
by soaking a strip of filter paper in an alcoholic 
extract of the sample, then in a solution of 
borax, and finally acidifying with dilute (2 p.o.) 
hydrochloric acid. When dry the paper will 
assume a rose-red cdlour, which turns deep 
blue with ammonia or ohve-green with dilute 
; caustic potash. 

i Aniline dye.s may be detected by digesting 
. the mustard with water containing a few drops 
of ammonia, filtering, acidulating w'lth acetic 
acid and dyeing wool threads w'ith the filtrate. 

, According to Jiohriach (Zeit. f. Unter. Nahr. u. 
i (ti'iiuss. HK)4, (8), 285). the yellow colour pro- 
I ducod by j>uro mustard is removed by washing 
! witJi water, while that due to coal-tar dye? is not. 

'J’he presence of an undue projiortion of the 
j hulls is at once apjiarent on microscopic examina¬ 
tion, tli(^ most ehaiacteristic structures being 
I tho cellular ejudcnnal layer with its mucilage, 
tlie sub-ejudcrnial cells with their thickened 
angles in the case of white mustard; also the 
palisade ceils, yellow and not reticulate in white 
; mustard, and blown and reticulated in the 
^ hiaek variety. As will be seen from Table JJ. 

the indii'utions of the microscope may be con- 
I finned by cluunical analysis, the total nitrogen, 
fibre, and cop])cricducmg])ower, after treatment 
with diastase, being the most useful determina¬ 
tions 


I'AnLE 11 .—Analysis of Mustabd (Txiach). 




Flour 


i 

TIulIs 




8oeds 




Thick 

White Black 


White 


Jiltttk 


White 


a 



e 1 


a 



c 
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c 

a 

1 1 B 

•fi i 6 
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a 

j= 
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P. 
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. 9 . 
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'"1 ' “ 
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K 1 O 

O 

c5 

C ■ M 

W ! o 

o 

m 

C 

c 

0 

& 

Moisture . 

r,r,s 

0 :•(» 

... 

1 1 

5 oo! 0 83 8-07 

0 40 

1 

5-30| 0-12 

8 40 

5-88 

6 40 

6 43 

5-03 

6-69 

Total ash . 


0 2.> 

r.:! 

4-00 .5 03' 4-43 

4 50 

4 05' 4 .50 

4 OO 

4-07 

3-84 

4 37 

4-83 

4 34 

Water solulile iish 

0-27 0 23 

dO'l 

0 18 

0-23 no;.' i'2ii 

2 33 

Tin T78 

1 80 

0 40 

0-45 

0 52 

0-73 

0 63 

insol. IK'I . 

O OK 0 13 

0 .'’iD 

0 35 

0 20 0 14 (123 

0 05 

0 22i 0 0-) 

0 04 

0 22 

0-21 

0*16 

0-33 

0*50 

Fat (etlier extract) 

17 -U) 20 (11 10 28'12 ('•.'i 

25 05,13 81; 10 51 

7 03 

0 03j 7 70 

0-17 

37 81 

35-30 

27-45 

30*84 

27-10 

Volat.iU' oil 

3 DM 4 07 

3 (»<) 

0 00 

0 00 2 20 1 83 

0 00 

0 00, 0 00 

0 00 

2 70 

2 01 

000 

0 00 

0-00 

Alcohol extract 

2.')’31 10 22 

21 08 

24-2! 20 78 14-21 14-15 

11 07 

10 401 8 51 

807 

13 70 

14-26 10-31 

14-08 

17*75 

TotAl nitroRcn . 

6-37i OT.'i 

7 13 

7 44 

0 21 3H0i 4 04 

3»03 

3*22i 3-00 

2 00 

4-10 

4 40 

3-96 

4-12 

5-09 

Crude fibre 

3 28 2 27 

2-4:> 

1-87 

2-21 10 no 11*34,1(V*C 

17 00 10 08 

18 05 

4-41 

4-21 

4-95 

6-53 

4*87 

HeducliiK mutlers 






i 







(arid eonvert-ion) 11'89 4 87 

()3 

0 12 

6 75 ft90U-05;20 40 

20-00 lO'OC 

17-35 

7-34 

6 04 

8*42 

10*06 

0*35 

Reduclnn maltern 




1 


1 







(diastase method), 0 71 0 23 

0 22 

0 23 

0 00, 1 20 3-5(3| 6-11 

4 2l' 3*74 

■ 

2*91 

1*70 

1-78, 0-92 

1*82 

1-45 


Cayenne jiepper may be detected by the , 
pungent taste of the residue obtained bj : 
evaporating tho alcoholic extract on tho water- j 
bath, and the acrid fumes which it yields on 
gentle ignition. 

Tho presence of other species of mustard 
wJiieh are more likely to occur m foreign brands 
is almost entirely a matter of microscojiical 
examination (v. Winton, Microscopy of Vegetable 
Foods; also Pammel, Amer. Monthly Mior. 
Journal, 17, 206, and 213 ; Tharra. J. 11)05, [74] 
710), 

Charlock, or wild mustard, may bo detected 
by heating the mustard slightly with chloral 
Iiydrate, the reagent being made by dissolving 
16 grammes of chloral hydrate in 10 o.c. of water 
to which 1 c.o. of hydrochloric acid has been 
added. Examined under a low power the 


palisade colls will have been stained a deep blood 
rod. 

As the efficiency of mustarii for medicinal 
purjioses dejicnds on the proportion of volatile 
mustard oil, its determination is of some import¬ 
ance. Hoe.ser’% method (J. Pharm. Chim. 1902, 
361) is carried nut as follows: 5 grammes of the 
sample are mixed with 60 c.c. of water and 16 
c.c. of (W) p.o. alcohol, allowed to stand for 2 
hours and distilled into 10 c.c. of ammonia until 
two-thirds of the liquid has passed over; 10 c.c. 
of N/10 silver nitrate are added, and after stand- 
I mg for 24 hours the solution is diluted to 100 c.c. 
To 50 c.c. of the filtered solution are added 6 o.c. 

I of N/10 potassium evanide, and the excess of 
; cyanide determined by titration with standard 
j silver nitrate, using sughtly ammoniacal 5 p.o. 
I potassium io^de as inmeator. The percen^e 
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01 volatile oil is obtained by multiplying the 
number of c.c. of silver nitrate used up by the 
oil by 0’6274 (v. also German Pharmacopoeia). 
(For propt>rtion of volatile oil yielded by various 
kinds of mustard oil, ^ee Ann. Falsi. 1900, 2, 215, 
and 12, 372.) 

The following method (T). Raquet, Ann. 
Ohim. anal. 1912, 17, 174), which is official in a 
modified form in the British Pharmacopceia, 
1914, for the examination of the oil itself, may 
be employed. In a 250 c.c. flask mix 5 grammes 
of the mustard with 100 c.c. of water and 20 c.c. 
of 90 p.c. alcohol, close the flask and allow to 
stand for fi hours, or heat to 35''C. for 1 hour. 
Distil 50 c.o. into a 100 c.c. flask containing 
10 c.c. of ammonia, tlien adil 20 c.c. of N/10 
silver nitrate and conliriue the distillation nnlil : 
the liquid in the flask is nearly up to the mark, j 
fit a long glass tube to the nock of the flask and j 
heat to for 1 hour. When cold dilute to | 

100 C.C., filter and titrate .>0 c.c., after acidulating I 
with nitric acid, with N/10 ammonium thio- i 
cyanato, u.sing feme ammonium suljihate as ! 
indicator. i 

The number of c.c. of silver nitrate us<‘d 1 
multi|)lied by gives tiui weight of allyl 

iso-thiocyanate in 100 grammes of tlie mustard. 
Different kinds of black mu.stard yicjch‘d the 
following figures; Knghsh. 1.39; Greek, I'20 ; 
French, l'(kS; Sicilian, 0 99; Italian, 0-99; 


I an ^ abnormal ^ caoutchouc (dstromisslenski and 
Koschelev, J. Russ. Phys. Cbcm. Soc, 1915, 47, 

' 1928 ; Chom. Soc. Al>Btr. 1910, [i.] 274). 

I MYRICA NAGI (Thunb.). This is an ever- 
j green tree belonging to the jlfyricac€«’ met with 
in the sub-tropical Himalaya from the Ravi 
eastwards, also in the KItasia moilhtaiiis, the 
Malay Islands, Gbina, and Japan. It is the box- 
myrtle or ymu/rnm of China, and is synonymous 
with M, mpida (Wall.), M. rubra (Sieb. and 
Zucc.), and M. hilfgrifolia (Roxb.). The bark 
' is occasionally usrtl as a tanning agent, and is 
; said to have been exported from the Nortli-West 
[ ProviniiCR to other parts of India to the extent of 
about 50 tons per aniiuin. In Bombay it is met 
with under the name of kaiphal, and in Japan as 
shibvki. 

MyrU'ctln C,, tljoOg.HoO, the colouring 
inatlcr, can be isolated from an aqueous extract 
of the jilant by ft similar method to that which is 
sorvic(‘ahle lor the prcjiaratiori fJ fi.sotin [ace 
^'oiiNG FiiSTif) hut iH more readily obtained 
in quantity from the -lapaneso commercial 
‘sliilmki’ <‘xtriicl, (IVrkin and Hummel, Chem. 
Soc. Trans. JHJIO, 09, 1287 ; and Perkin, ibid, 
1902, 81, 204). 

3’he (extract is treated with ten times its 
weight of liot w'ater to re*ni<)ve tannin, and w'hen 
cold tfic ch'iir liquid is decanted off, the residue 
washed twice m a siinilar manner, and well 


Bombay, 0'81. 

NVandurd.'f.—United Stale.s Dept, of Agrieul- 
turo. Mustard seeds slioukl be those of N'. afha, 
B. niqra, and B. juncra. Ground mustard 
should consist of jiowdi'tcd mustard seeds witli 
or witliout a portion of the hulls having hemi , 
removed and from which a portion of the tix(‘d i 
oil has been cxjn(“a.sed. ytanilard ground 
mustard is mu.stard yielding not more than 2'5 
p.c. of stareh by the diastase method and not 
more than 8 p c. of ash. Leacli (J. Amer. (3irm. 
Hoc. 1904, 29, 1219) suggests ash and stareh as 
above, crude fibre not exceeding 5 p.c., nit rogen 
not less than 8 p.c. tk II. C. 

MUSTARD GAS. ^B'-Dichloroelhjhidyhuk 
jhftyhnc lfno-cltlond(a, 

art. Ei’irYL. 

MUSTARD OIL v. Oil.s, Essential. • 

MYCOSE, TREHALOSE. V. CURBOIlYiaiATKS. 

MYDRIASINE. Trade name for atropine j 
methyl bromide. I 

MYDROL. Trade name for iotj^nnethyl-1 
phenyl pyrazolone. A white, odourless povvde^-, i 
with a bitter taste, soluble in water (v. Syn¬ 
thetic DRcas). • 

MYOCTONINE. Sec under Acoshtne and 
THE Aconite Alkaloids. 

MYOKYNINE r.. Betaines. 

MYOSIN V. Proteins. 

^-MYRCENE CioHi, or • 

CHa: CH-C(CHa); ClJ-CH.-CB.-CiCK :,): CH,(?) 
A colourless mobile hydrocarbon obtained by 
cautiously heating isoprene at 80°-90*: con¬ 
tains three double linkings, two of them in 
conjugated positions, b.p. fi3®-63’5®/20 mm., 
68°/13 mm. D^®0'8472 n^l ■53881. When heated 
at 60®-70* with barium peroxide and sodium, or 
sodium alone, or by standing at the ordinary 
temperature in contact with benzoyl peroxide, 
it is converted into ‘normal’ caoutchouc, 
whereas under similar conditions isoprene gives 


drained. The product is extracted with boiling 
alcuhol, and the solution evaporated until 
crystals commoiico (o seymrate. On cooling 
these arc colJccicd (the filtrate A being reserved), 
and wa.slu’(l first with strong and then with 
dilute alcohol. A completii purilication is best 
effccU'd by converting the <;(>}ouriiig matter into 
its acetyl derivative, and when pure hydrolysing 
this 111 the usual manner, Myrieetin crystallises 
111 yellow needh's, miiiing at about 3.57®, and 
closely roscmbles (juercetin in appearance. 
Dilute potassium hydroxide solution dissolves 
rnyncefm with a green coloration, which, on 
standing in air, bceome.s first blue, then violet, 
and eventually brown coloured. Alcoholic load 
acetate gives an orangci-red precipitate, and 
foiTic chloride a brown-hiaek coloration. 

With mineral acids in the presence of acetic 
amd the following eornyimimls which crystallise 
in <»range red needles liavc been prepare.d : 

Myrwdinsulplmlc. myrkeiin 

hydrochloride myrieetin hydro- 

bromide ('jglfj^O^'HBr, and myrkeiin hydr^idc 
Alcoholic potassium acetate 
yields monopofaaaiam myrieetin Ci^HjOhK. 
Ilrrmiination in the presence of alcohol gives 
tetrabrom-mynalin ethyl ether (’jjHB 0 (|Br 4 Et, « 
I colourless needles, m.p. alanit 146® (Perkin and 
Phipps, ibid. 1904, 85, 62), and this is analogous 
to the behaviour of morin under similar circum¬ 
stances. By the action of bromine in acetic 
acid tcArabroin-myricetin GjjHaOgBr*, brown-red 
needles, m.p. 235°-24()®, is produced. 

When fused with alkali myrieetin gives 
pkloroglucinol and gallic acid. I!exa-acelyhnyri* 
cclin 6 , 5 Hi 0 h(C 2 ll 30 )«, colourletiH needles, m.p. 
211®-212 ® ; hcxabenzoyltnyricelin 

colourless needles; mi/rketin pentamdhyl ether 
C,jH 503 ( 00 H 8 )*, pale yellow needles, m.p. 
13 8®-139°; acetijlmyriceiin peniamethyl etfter 
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C.,H. 0 ,( 0 CH,),C,H 30 , colourless neeflles, m.p. I addition to rayrioetin the M, nagi contains a 
have been prepared. Myricelin J trace of glucoside of second colouring matter, 

hexamethyl ether coiourlcss which is probably - 

needles, m.p. 154®-ir>d®; and myricetm kexa- l The dynmi properties of myrica bark are 

ethyl Hhrr 0 ,,H 40 j( 0 (’aH 5 )j, almost colourless generally similar to those of other yellow 

needles, m.p. 149'^'-151'^, may be obtained by i mordant dycstiitfs. On wool with chromium 


means of methyl and ethyl i<idideB respectively, j mordant it gives a d<^('p olive-yellow, and with 
Myricetin-bexa(“thyl-ether plutuiichlorido | ahiminium a dull yellow, similar to the colours 
l(* 11 n i -U Pf(M oblaitK'd from qiiereitnai bark, but much fuller ; 

' ■'** «bi 2 ' ' n ! inonluut it gives a bright red-orange, 

(Perkin, (!hom. Woe.'rraiiH. 1918, 117,999). j redder m hue than that given by quercitron 
Myricetin dyes mordantiul* woollen cloth the ' bark ; with min mordant it gives a dark greenish- 
following shades, which arc practically identical i olive like that fibtauied from quercitron bark, 
with those given by qinwcetin : 1 Imt again fuller. 

Ohrm,iuM. Alamvnum Tm. Iron, i , alummu,in ami ir.m mordants 

Uod-hrown. brown-oranijc. Jtrlulil rcd-orantfc. (Hiv«* d dyes colours which ate, moie similar to those 

lilack. i obtained from old fustic than fniin quercitron 
On diRosOon willi alool.olio nolasli at 170'' j "t ■'lyni a hark are 

raynootiii T'ontame.thyl ether (lives ,,,/Or m ‘‘'"l'.'' 'O'h in l■l,l(.llr,„g matter, and a 

trlwHln/l oDn r and ,M„r.y,ln< n,U ,»,«„,», //„// e.'aiiiineil hy lliinimel mid Perkin 


<rm,.//,,,/ othor and ,,/i/,,riw/i'u«?i/' «r//,,//j "'""E''' 

etfirr, wherea.s ^nyncctm hexaethvi etlier gives, '■ ^ hem. ind. 18,t), li. doh) possessed 

qalhc. and iratluif,liar ami diethyl "''■ouKer ilyeiiiy |imver I lall o ,1 fliatie. 

'ether. Will, bo,line alcoliohe jiiKasI, nivneetiii '-'“.I"' ' o „ T' 

he-camethyl ether v,ves (,,,11,e aeiil t.'imetliyl ' '',i) Ahat ( lieiii. ,Soe lill 140), the 

other and' mrlho.r,,liiel„l dimethyl ether (Peikm, i y"lo'<niiK iiiallor ol he ,1/ , «/ir« lias tlie lornuila 
Clio,I,. Soc. Trans; i«ll, 100, 1721)-- oleiilieal ii, so,,,,. „l its p,',,- 

I perLies uilh mvricotin. Ify iiision uith sodium 
* polvsuljdiide and sul/diiir a product is obtained 

MoO<^~\-('o-(;h .-omo I ‘■"'P'" ""'''"h t'';™/-''' 

\ _/ " I copper sii]])/i;).le, manganese sinjihate. or i<‘rioua 

OMo j sul/>liJitc rs ;uI(J((l to (lie fused ;hh.ss, substances 

Myricetin h,.x„.oUivl etloT hehaves siinilaily j i’'™''*'"," ™ 'ire 

wi'tliproilllction.ifKiillieafi.ltrietllvIellieriind'J''''"'"'’'’;'- siilpliur 

e/ho.r,/ 1Mol diethyl ithr, ,i,ismalie „<.,.dl,.s, f "I""*'" '"""“■.'''■'I''" 7’'''P"i>'>'lA 


-('O—CH.'flMo 


-07“. Myncetil, l.s (iieiefole a hydioxy j .y*‘Jlo,v dye niiiy 


yuerrrtin, and jXhsscHscs llii* lollovving con¬ 
stitution : 


myrjei'fm sulplionie aeid 


Iitaiiied by nifratnig 


OiHEii SoifKrr:s of Mviih i.tin. 

Sii-ilian sumach, tiie leaves <'f the Jfhus 
coruirai (Ijinn.), coritam myiieetiii. ])rol)al)ly as 
I glucoside {Teikm and Allen, ihi'i. 99, !29Jl). 


OH 

MyrkUrin O^jlf^d), or rather 
('niH,.„(>j,„2ir,d> 

the glucoside, is present m the alcoholic tiltrate 
A, from the onido myricetin, from which i1, | 
separates on standing. 'J’he erystalH are collected, 
washed first with alcohol, then with dduto 
alcohol, crystallised from water, fiom aleoliol, 
and finally from water. Myncitnii forms pale , 
yellow', almost eolonrless leaflels, melting at j 
199'^-2tM)^, and is soluble in alkalis with a pale i 
yellow tint. Aqueous lead acetate give.i an 
orarigo-yellow jueeipitate, and alcoliohe feme 
chloride a deep grcenish-blnck eoloiatioii. In 
appearance it cannot be distingiuslied fivun 
quercitrin, and the shades given by the two sub¬ 
stances on mordanted woollen cioth are prac¬ 
tically identical 

Chrnrwuru. Aluminum. Tin. Iron. 

Full biowai- Full golden- Ia'iuou- Brown- 

jt-llow. yellow. yellow. olive. 

When hyiirolyscd willi dilute sulphuric acid 1 
myrieitrin yields rliainnose and myricetin, 
according to the equation— 

C2iH,oO,,h 

and is analogous to quercitrin which in a similar i 
manner gives rliamnose and quercetin. In ■ 


The e<ilouiiiig matter also exists m Vmetian 
sumach, ]{. Cohn us. and tins is interesting, IxMaiuse 
the w'ood of this tree eonstiliites ^ \oiing fustic’ 
ami contains li.setiii. Among oilier ])!ant8 
inyncetm has been isolated from the il/i/rn.*a 
gale (Linn.), the leave? of Jhslaaa kniiscus 
{Linn.f,pthe leaves ot the logwood tree, llama- 
torylon cnmpechintmm (Linn.), and it is found in 
conjunction with quercetin in the leaves of tho 
conaria myrlifoha (Linn.) and tho A’, metopinm 
(Linn.). • 

' Everest (Royal Soc. Proe. 1918, Ik, 90, 251) 
lias slyiun that in all probability iiiyricetui—as 
a glucosKie—accompanies tho anthocyamn pig- 
nu'iit A’iohinin ; a glueosido of 

Cl OH 

II 

OH 

I I 

OH 

in the flowers of the purjile-hlack viola (Sutton’s 
‘Black Knight’), an observation which is of 
considerablo interest in connection with the 
relationshij) which exists between the davonols 
and anthocyans. A. G. P, 

MYRICA WAX (MEXICAN) r. Waxes. 
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MYRICIN. The portion of beeswax, consist- I 
ing mainly of melissyl palmitate, left uiulisaolvcd | 
by boiling alcoliol v. Waxes. 

MYRICYL ALCOHOL ((Jascard, : 

Compfc. rend. 11^20,170, \Va.\ks. i 

MYRISTIC ACID, discovered 

by Playfair in nutmeg butter, from Jl/yros/ica ' 
7no.<ichn}a (Annalen, !17, l.V)); is found also in 
otoba fat from M. otaba (Goigey, ibnl. Oli. H14); 
in Dika bread (Oiulemans, J. 1800, '^22 ); in 
coco-nut oil; inbuttf*r; in the Oil from quince 
seeds (Hermann, Arch. Vharm. 2d7, and 

in wool fat (Darmsladler and lafscbiitz, Per 
IHbO, 020; IHOK, 07). and may be obtained by 
melting sti'arolie acid with liydroxide. 

Jt crystallises in needles, m ji 8"", b ]). 121'- 
122'^ (0 mm ) and 2.70-;V (100 mm.j, sp.gr. 
0-8022 at It is insoluble in water, 

and only siiglitly volatile with steam. 

Triiiii/} 1^1111 or liinn/ii.stil (ili/ci rnh 

in whieh form mynstie arid oecuis in tin* vaiions 
Myn'-lira fats, ei vstallises fiom etlier in needles, 
m.p. r»r>°. 'J’hc hannm salt is s]iaiingly solnhU- 
in water and in alcohol. 

MYRISTICA FATS comprise a niiml»-r of fats 
bei{»ng‘/ne to the iamih- of M///n. They 
.ire all c-hajvie/ei';s(‘d hy a pre/ioiideianl jiro- 
])ortion of niyrisliii and hence by liigh safioiufiea- 
tion values. iSome id these fals, hhe o< Imm’o laf, 
consist almost entirely of mynsim. 'J’iie following 
fans—-arranged, as f.ir as j.s j)os.sjl)Ie at piesent, 
In the ordci of the mdine values— include tJie 
betti-r known meniheis of tins group: {<i} nut nieg 
butter, mace butter; (h) Papua nutmeg butter; 
(c) fat from MyriK'.ttnt iiialnlxffti.n ; {d) Kombo 
fat; {(') fat from JlJyrishra cavunni; (/) fat 
from MyriMiCn qwtfonalcn.'^u, J1P8 }) e. ; iq) 
Ucnhiibafat, Bicuiiylia ful.; (A) (khoco fat. 

Jn addition to tlu- foregoing members tln-re 
must be also included in tlii.s group tlie fats , 
from; (I) MyrUiico oioha (lluiiili. ami ifonp.), ! 
W'liieh yield.s tlio eommereial otoba fat or otolia 
wax: (2) Vnoln sr/ufdii (Aubl.), a fat used in 
(xuianaiii the inaniifaeture of soajis and eandk\s ; 
(11) Myridica ocuh<t (Humb. and Poiij).). hnowii 
coniniorejiilly as oeiiba wax, used in Ihij-a as a 
candle-making material; (4) Vtrolu MkIuU 
(Hockel), occurring in French Ginami; (.7) 

htatullia kam( mnensis (Warb.). 

(a) Nutmeg butter, mace butter, if^oblamed ; 
from the seeds of MyTishca ojjinmhs (Jjinfi.) 
{H. vioschnta [I'liunb.], S. fragnnifi [Ifoutt.]). a 
tree growing wild on the islands of the Indian 
Areljjpelago, notably (VIehes, .Sumatra, .lava, ' 
Molucca, and the Bamla Islands. 'J’he tree (or 
at lea.st varieties thereof) is also cultivated in • 
Ceylon, in the West Indies. Br^jzil, and Cruiana , 
The pericarp of the seed yields the arillus (mace) 
which is used in pharmacy, as a condiment for ' 
culinary purposes, and for the preparation of 
the ethereal oil contained in it. formerly the 
small, as also the worm-eaten, rejected nuts 
which could not be exported were worked up for 
mace butter on the islands of the Indian Archipi*- : 
lago. The nuts w-ere ground to a coarse meal, 
packed in sacks, and steamed for about G hours 
over boiling pots. The sacks w'ore then placed 
in a strong press and subjected to pressure. . 
The butter so obtained was a brownish mass. 
This was exported in the shape of bars (resem¬ 


bling soap bare) wrapped in coco-nut tree leaves 
(hence these bars were termed ‘ soap of Banda ’). 
At prcHont iiiacc butter is chiefly ohtumed in 
Euro])oan woik.s (Holland, Germany) where the 
nuts are powdi-red ami ex])ressed when hot. The 
fat IS also ]>r(‘pared in small qyaniities by 
extraction with petroleum spirit, or ether, in 
pharmacoutieal lahoraioni's. 

The woiid’s anmml production of nutmegs 
does not exceed 1.7G0 tons. Only a small 
quantity is used yi the uiamifacturc of nutmeg 
butter, so tlmt Die price of the fat m seinewbut 
high. Tin- seedn eonlain Il8-4<l p.c. of fat. 
Nutmeg butter lins the consisteiiee of soft 
tallow, IS of a yillowisli colour, ami has the 
strong taste and odom ot nutmegs. 

The eoinmeniid fat vanes (Hinsidi-rably in 
eonijM.sition It eoiilains fiom 4 to 10 jj.c. of 
an esseiilial qil (In-nee its sajionilientiou value 
does not exeeeil 100 , and falls to as low a figure 
' as 1.74) and eontains chiefly tnmyristin, in 
addition f<> a ii(|Ui<i fat and fie<- fatty acids. 

Cold alcohol ili.ssolves the liquid fal, the free 
fatty ai'id.s, and the essential oil (unsapoiiitiable 
inatler), leaving about ‘1;7 ]) c. undissolvid. The 
undissoJved jiortion yields, on eryst.allieation 
from r(}H“j, jiiire fiiiiiyi^slin, ineltiiig at 57". 

Boiling alcohol di.ssoho’ nutmeg hiitter 
almo.vt eoniplrtely. The solubility in aleoliol is 
not only due lo flic high ])(Teentage of free fatty 
.k'kIs contained in coinnieieial samples, I»ut 
also to the ready soluhibly <»f mynsim itself in 
alcohol. 

A H])eemu*n of genuine mace butter obtained 
from <\ylon iintiuegs by I'ower and Salway 
(('hem. .Soe. Trans. 1U07, 1053) had Iho following 
eoinpositjon : 


Fs.scntial oil .... 

12-5 p.c 

TrimyriHlin .... 

73-0 „ 

Glrie aud, as glyceride 

3-0 „ 

J..inoleiue acid, as giycei Kb- 
J^'ormic, ace.tie, and cerotie acids 

0-5 „ 

(very small amounts) 

— 

ITn.sjqionjiiable matter 

8-5 „ 

Jtesinous matenal 

2-0 „ 

09-5 „ 


The unsaponifiable matter consisted of a 
substance of tin? formula (amounting 

to about 5 p.c. of the expressed oil) and some 
myristicm G‘j,II,.^()., and a very small amount of 
alcohol melting at )34°-]35®. This 

alcohol is described as a * phytos^erol ’; it 
differs from the ordinary phytosterol (sitosterol) 
in chemical comjiosition, although it has the^ 
same melting-point. 

Owing to the proportion of essential oil, 
which genuine mace butter contains, the refrac¬ 
tive index is very high. Various specimens 
examined in the hufyro.rdractoraeter indicated 
from 77'5 to 85 scale divisions. The iodine 
value varied from 77 to 80, the llcichert-Meissl 
value was 4'l-4-2, and the melting-point only 
2r>"-2G'’. 

{h) Papua nutmeg butter. In consequence 
of the large demand for mace butter (nutmeg 
butter), this fat is frequently replaced by fats 
from other species of Myriatica. Thus rapua 
nutmeg butter, the fat from Myristica argeniea 
(Warb.), the so-called ‘ Papua nutmeg,’ which 
grows wild in Dutch New Guinea, is substituted 
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for genuine mace l^utter. Papua butter chiefly j market is yellowish-brown, and has an aromatic 
differs from genuine mace butter in containing I odour (duo to a small quantity of an essential oil), 
no essential oil. , ! recalling that of coco-nut oil. Ucuhuba fat 

(c) Fat from Myrlstica malabarica (Lam.) is ! Cfuiaists of mynstm and olein (about 20 p.o,), 
obtained from the sfM'ds of Myristica malabarica, small quantities of an esstmtiai oil, of a resinous 
a tall evem-een tree growing in the forests of substance, and of a wax-like compound. The 
Konkan, Kauam, Malabar, and Travancore. resinous substance is soluble in ether, hot 
The seeds contain 32 p.c. of shells, and yield alcohol, jietroleum spirit, and chloroform, 
about 40 p.c. of fat and rosins. The mace from (lenuine Hpecimens examined in the author’s 
these seeds differs entirely from that of the laboratory incited from 3G“-44*7% had the 
goniiino mace in containing no essential oil. ! siiponificatioii value 218’8, tlie iodine value 
Theseseods,sold as ‘ liombuy seeds’('Jviiiplmr) j iH'.*!, Kendiert-Meissl value 2‘(i8, lactones 
have been frequently i-onfimnded with the | ]'.c., unsaponihablo matter 3*05 p.c., and 
genuine seeds from A/yr/.v/nvi ajfirumhs. 'J’fiefat ' insoluble fatty acids 80*37 p.c. 

from tlie kernels of ‘ Jiomb.iy seeds’ difTcrs j (//) Ochoco fat is contained in tlie seeds of 
entirely from the fat from ojlnuali^, I Sc)ji)hoa‘pkaUuin ochocm (^^’a^b.), a tree indi« 

for its saponification value is about JOO; it i genous to tlie we.st coast of Africa. From a 
molts at 31^, lias aa H*diiie value of .50*4, and a I ilescnjition })ublis)ie<l by Pierre it appears tliat 
Heichcrt-Mcissl value of 1*1 ^only. Jn the 1 the nuts have no arillu.s, and that they are iion- 
butyro-rofractoineler it only iiulicates 48-40 | dehiscent. The s])ccjmeus examined by the 
scale divisions at 30®. [ author were idcntilied by the Kew authorities 

(d) Kombo fat. kombo butter is olitained from ■ as the kerneJ.s of Sepphuuphalmm odtocoa. The 
the seeds of Mi/n.'^hra aiuioJnms (Wt'lw.), j aveiage w'cight of llic Kernels is 10 grams; the 
Pi/CTtan(/n(ft Kumho j Paillon | (Warb.). I’his tree smalUvst weighing 5 grams, and the laige.st 12 o 
is widely distnlmti'd m tin; (Jaboon (known grams, ’flu; kmnels, together witli the thin 
there as ‘ arbre* ii smf du (iabon,’) m the Congo, husks suriouiuling the endoeaip, yield 58*8 p.c. 
Angola, and in Southevn and Nortliein Nigmm. oi fat. liy Avliatever luoeess the fat is prepared, 
The fruit breaks up easily into two thick hard a dark blown eolouniig matter is at the same 
pieces of husk and an inner nut eoveit'd with n ' tune extracted, which is teiiaeiousiy retained l>y 
false arillus ; lienee the si'eds Mhieh are fie- ; the fat. Tins daik eolouriug matler i.m not 
(jnently mistaken for nutmegs can be easily ' only eontained in tii<“ iiusk.s, but also in the 
difTcroiitiated from ollieial iiutniegH. The eaponi- 1 inembianous extension of tlie liusk (s[)(u'ni"(lerni) 
fication value of a sjM'eimeu (examined in the whicli pusses tbiough the whole ot the endo- 
Impcrial Institute) was 1H3, llu' iodine value sperm, in the lorm oi irregular lamella' radiat- 
33*7. I’ho numbers refer to a fat telined from mg from tlie I'liala/.a. As the examination of the 
crude fat by treatment witli alkali in »irder to daiii fat otieroj aimie ditlicultie , t In* only way to 
remove the fatty acids, 'f’he oiiginal crude fat obtain a fat flee from eoJoiiinig mattiT was to 
had lodmc value 8.5*4, and 8ap<imiieation value cut out the white endosperm c.irelulJy by hand. 
275, and contained about 14 ]>.c. of fatty acids, j 'I’lie amount of endosperm so obtained formed 

(e) The seeds of Myrlstica canarica are derived ' 81'7 p.c. of the ki'rnels. 'J’hese 84*7 p e. con- 
fi'om the ‘ candle nut tree,’ gnming m India on taiiu'd 89*4 p.c. of lat. 

the Western tlhats, from the Konkau south- The wliile endosperm, ou being extracted in 
wards. A samjile of the entire seeds yielded the usual inaniier, yielded a perfectly white fat 
49*4 p.c. of fat; tin* nuiee, 54*8 p e. of fat; the having sai'onilication value 238*5, iodine value 
kernels separated from the shells contained 1*72, and Itciehert-Mei.sal value 0*85. The fat 
84*76 p.c. of fat. The fat exiunmeii by J). may tlierefore be considered as consisting of 
Hooper (Agric. I.(‘dgei, 1907, No. 3) was liglit practically pure mynstm, or at most of 98 p.c. 
brown and cry.staliinc, and gave, m the cold, of mynstin and 2 ji.e. of olcm. 
with strong Hulphiirie acid a earnunc-red colour. The natives ajiply the name ‘ oclioco * 
The saponitioalion value was 215*02, the iocbiie indiscninmately to several edible fruits, such os 
value28*84. I'heliberated fatty uoidacontained the fruits from Lophira alatn (Banka.) (‘mam 
about 70 p.c. of mvristic acid, i’ossibiy identical fat’). » J. L. 

with the fat last named is tlie fat from’ Myrisfxca ‘ MYRISTIGA SURINAMENSIS. The fruit of 
eurinamams (Roland) (Ttro/^ *urtwaw(%.st.« i the Mynulica ,sunnamnuns (Roland) was im- 
[Warb.]), and perhaps also the fat from Virola \ ported into Germany under the name of ‘uilnut.’ 
gualtrmlc.nnin (Warb.), obtained from ‘ wild 1 'I’he nuts have the size and form of a cherry, with 
nutmegs,’ winch do not contain an essential oil. { a dark-grey brittle shell inclosing a hard kernel. 
These are occasionally iujpoited into this country j The kernels freed from shell, ground to powder, 
under the name ‘oil nuts.’ from Africa, as also ' and extractod with ether, give 73 p.c. of fatty 
from South America. The iodine value of a i extract. The crude fat contains resin and a 
8 ]>eciaien of fat from V. guakniahvsis (’ African free acid. 100 parts of crude fat contain there- 
oil nut’) examined by Gninme was 13*8, its : fore 87 parts of pure substance. The pure fat 
saponification value 244, and the proportion of , has the formula which agrees with 

unsaponitiable matter 1 *13 p.c. .that of trimyristin. Like tristearin and tri- 

ig) Ucuhuba fat, Uruoaba fat, Bicubyba fat | palmitui, this body exists m different modifica- 
is obtained from the nuts of Myrtufira (Tirofa) '■ tions with different melting-points. The tri- 
(Uumb.). It is stated that the fat; mynstm, saponitied with alcoholic potassium 
from FtVoto hicuhjha is usually mixed in Braz'd ; hydroxide, yields mynstio acid No 

with that from MyriMica officinalis, but genuine other glycerides exist in this fat. The free acid 
B^cimens submitted to the author do not bear > in the crude fat was found to be myristio acid, 
this out. Owing to the crude method employed j Owing tc the purity of the fat, and the absence 
in ite pwparation, the fat brought into the ; of other glycerides, Reimer and Will recommend 
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it as a source of pure myristic acid (J. Soo. 
Chem. Ind. 4, 746). 

MYRISTICOL V. Camphors. ■ 

MYROBALANS v. Tannins. 

MYRRH, MYRRHIN, MYRRHOL v. Gum 

RESINS. 

MYRTILLIDIN, MYRTILLIN v. Antho- 

CYANINS. 

MYRTLE BERRY WAX Waxes. 

MYRTLE OIL and MYRTOL (Umney, Imp. 
Inst. Jour. Scient. & 1'ech, Bc‘«t*arch Dept. 
1896, 302; Schimmel, Chom. Zentr. 19J0, i. 
1719). 'Phis oil as used medicinally begins to 
boil at 160“^ and about 80 p.c. distils over up to 
240^. The residue consists of high-boiling ter- 
pones, partly lesirused and jiartly polymerised, 
i^’rorn the portion boiling between 160" and 240'’ 
by repeated fractional distillaiion tlie following ' 
constituents can be separated ;— 

A b'rpene CioHjg boiling betwei'n 158® and j 
160®, and having a specilic rotation [ ajj,— + 36-8". ; 
Acconling to Bartolofti (Gazz. ebiin. ital. 21, i 
276) the b.]). is l.W ’-155", [ajj, 1-59-3®. Its pro- i 
perties led Jahns to believe it to bo right-handed 
pinenc. 

C'tWfJ C,„lljj,0, which, ))unried by VVallaeh’s 
method, boiled constanlly at 176". 

A cani)»hor probablv ot the formula 
in small quantity, boiling at 195"- 200°, lal^,24-8’’ 
(Bartolotti, /.r.). The therajieutic value of the 
myrtle oil is ilependent on the amount of cineol 
present in it, the latter aubstance being identical 
with cajejiutol and oucalyptol {E. Jahns, Arch. 
Pharm. 27, [iii.J 174; J. 8oc. Chem. Ind. 8, 
721). 

Aecording to Semmler and Bartolt (Per. 
1907, 40, 13(»3), myrtle oil contain.^ in its high 
boiling fraction the ester of an alcohol CjoHjaG, 
which IS called vn/rlcnol and has bp 222'- 
22477G0 mm., «() gf. 0-9763 at 20", [njj, 1 •49668 
and |a]j) (in 100 mm. tube) f 45® 45' (according 
to Soden and Elze, b.p. 220"-221", [aJjj 49" 25'). 
With phosphorus pcntachJorKlo it yields myrtevyl j 
chloride b.p. WjVl mm., and on ^ 

reduction with sodium, J-junene is formed. Gn 1 
oxidation with chromic acid myrtenol yields an 
aldehyde rrtyrhowi/Cj„Il, 4 U, b.p. 87''-9071(tmm., ' 
which yields an oxime, in p. 71"-72®, *and a! 
nitrile, b.p. 100°- J 02‘710 mm. On hydroly.sing I 
tlie nitrile viyytenic acid f'ioiii 4 G 2 » b.p. 148'79 | 


with alkaline permanganate tnyrtenol yields d- 
pinic acid C,Hi 40 *, b.p. 212°-21C®/10 mm; 

The characteristic odour of myrtle oil is due 
chiefly to the ester in the fraction of the oil 
boiling at 160®-180® (Soden and Elze, Chom. 
Zeit. 1905, 29, 1031 ; Bartolutti, f.r.). 

Myrtle seed oil forms a yellow oil of cliaracter- 
istic flavour, is readily soluble in ether and 
turpentine, but less so in alcoliol. It cuutaiiis 
glycerides of oleic, linoleic, myristie, and palmitic 
acids (Scusti and Perciabosco, Ga/z. ehim, ital. 
1907, 37, 483). 

MYRTLE WAX {L(iurd wax, Bayherry 
j fallow) iR obtained from the berries of various 
I sjieeic.s of Myricu. In North America where 
I the Mynca shrubs are common along tho 
' Atlantic sea-coast, the myrtle wax is obtained 
from Myrmi ccrijcra (i.(inn.) and Mynca caro- 
Inwh-Hs (Willd.). In SoutJi America, notably m 
Now Granada*and Vcne/uela, it is obtained 
from Mynca arynta (Xunth), and Myrka mm- 
c.a.ssoiM (Hiirnb., Bonpl. (^t K.), and in South 
Africa (Cape Colony) from Myrka qucrc/folta 
(Linn.), Mynca (ordifolia (Lum.), Afyrica laci- 
untin (Willd.), and Mynca ^errafu (Lam.). Jn 
Abyssinia, myrtle wax is obtained from M, 
clhminca (Lmii.). ^ 

'I'he mynca Iruits are of tho size of a pea, 
i and are covered with a snow-white crust of 
! fat, which is jiermcated with brown or black 
I spots. 

I Alyrtlc wax is a glyceride and (lonsists chiefly 
i of ])aluutin with siuall quantities only of olein 
i (Smith and Wade, Amcr. Chem. J. 1993, 629). 
i 'Die iodine value of commercial sample.s varies 
j between 2 and 4. 

I Myrtle wax worked up by itself does not 
; yield useful candles; it can, however, be em- 
I ployed 111 the projiortion of 20-20 p.c. as an 
[ addition to other candle material. In the Un ited 
States • beeswax ’ candles Jiave been made which 
contain a notable amount of myrtle wax. 

* J. L. 

MYTILITOL CjH,<, 05 , 2112 ( 1 . A eyeJoso 
occurring in tho valve muselcs of Mytilus 
eduhs. Colourless, lustrous crystals, m.p. 259®; 
ojitically inactive; does not contain a mo- 
thoxyl group. Forms a paUa-accUilc , microscopio 
needles, m.p. ]57"-15S®, and a hcm-aceiak, 
m.p. 180''-lHl®. Mytilitol is probably methyl- 
c//r/o-hexanehexol (Ackermann, Bcr. 1921, 54, 


mm., m.]). 45', is produced. By redaction of I (B.) 1938; cf. Jansen (Zeitsch. physiol, (Jhem. 
the acid dihydromyrtenic, acid GjoHjgOj, b.p. I 1913, 85, 231), who regards it as ryclo-hexano- 
142"“1447^ mm., iS formed. When oxidised i peiitol and an isomendo of quercitol). 


0 


N. 

NAGA RED. An azo dye derived from | flexible lamella) with a blackish lead-grey colour 
benzidenc, used as a trypanocide in the treatment and bright metallic lustre. Hence the popular 
of nagana. 1 names ‘ black tellurium’ and ‘foliated tellurium* 

NAGYAGITE. Asulpbo-telluridoof goldand | (Ger. Blattcrtellur). There is a perfect cleavage 
lead crystallised in the orthorhombic system, i parallel to the surface of the plates. Sp.gr. 
It contains Te 15-11-39-52, S 8*07-19*76, Sb ! ♦r8o-7'46; H. 1-1‘5, being soft enough to make 
0-7*39, Pb 50*78-60*83, Au 5*84-12*75 p.c., with a lead-grey mark on paper. The mineral was 
sometimes small amounts of silver, iron, and formerly found in some abundance, with native 
selenium. The formula is uncertain, and has gold, blende, and rhodonite, at Nagyag in Tran* 
been variously given as (Ph,Au) 2 (Te,Sb,S) 3 , sylvama, and less commonly with antimoniai 
Au 2 Pbj 4 Sb 3 Te,Si;, and AuPbgTejSn It forms : ores at Offenbauya also in Transylvania. It 
tafamar crystals and foliated masses of thin has been reported from Colorado with other 
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it aa • source of pure myristua add (J. Soo. 
Cbea. lod. 4, 746), 

MTRISTICOL e. CAxrHoaa. 

MYROBALANS v. Tavmns. 


with elkdine perinan^anate layrteDol yields d- 
pnio acid C|Hi 404 » b.p, 2l2°-2l6''yi0 mm; 

The characterutic odour of myrtle oil la due 
! chiefly to the <!«tcr in the fraotioii of the oil 
MYRHil> MYRAHlMj MYRRHOL v. Guu ’ boiling at lUO^'-ltiO'^ (^oden and Eke, Chom. 

Zeit, 1005 ^ 29 , 1031 ; BftrtoJutti, i.f.)* 

Myrtle seed oil forms a yellow oil ul diarocter* 
istie flavour, u readily soluble nik ether and 
turpentine, but loss so in aleolioJ. It ouuUins 
glyctTidiM of oleic, liiioL‘Jo, myrLstio, luid iialniitio 
acids (iSousti mul Pen.iiak)eeo, (iu/s. chim, ital. 
IiK)7, 37, 4H3). 

MYRTLE WAX Jhifi^rrif 


HKSINS^ 

MYRTaLIDlN, MYRTILUN e. Antho^ 

CYABJKS, 

MYRTLE BERRY WAX v. Wayks. 
MYRTLE OIL and MYRTOL (Lfmuey, Imp. 
Inst. Jour. tiloTent. & TiNsh, Rewuich Uept, 
302; ScLmizueJ, C'boni. Zentr. 1910, L 
1719b used incdiuinully begins to 

^...1 . t u/L ... .. k.*^ ........ .... 


boil at K'kO'’ aiui about p.o, clistiis over up to . irilinir) is obto-iord fi^ira tiio berries of varioLU 
240‘'. 'Hie roHitluo ooiiKLstH of high-boilmg ter-j kimhiic.h of iMynra. In North America where 
pones, partly icsiiuy»I and partly |N>lymerJH!d. tfio Mj/nru bliriibs arc eounn<m along tlio 
Fri>m tho portion boiling U^twi'i'Ji 1(10“ and 240" I AtJ un tie sea^eousl, the inyrtlo wax is obtained 
by repeated fraciiikhul tli»tillatjon the following ' frojii jlfi/rov* ctriftrit (Lorn.) and Hyrica <vir(^ 
eoiutitueutH can Ins HepaiaUvl ^— iinfiviu (WllM.). In South America, notably m 

A ti'r}xmu boiling liclween iHd^ and New (Sramula^and Vene/iida, it is obtained 

1C0°, and having a sjjtnnlie rotation I from Mynot ttnjxtft (Kiinth), and Myru'tt rvirn- 

Aoconiing to IhiHolotti (<to.. elnj]i. iUh 2J» | (lfnm)>., Honph ot K.). and iu South 

27U) the b.i).i» JD4-l.lh^tojjj 1 la pro-' Africa (('upc (Ndony) from Mtjricti qmojoi%<t 

l*Ttic9lcdJa}iii(.l..l«iiov(iittoboriBlit.l)and(:<l (''“‘"•I;. 

iuncnc ■ **^^*^^'* (\Villd.), mid Siurica AtrrttUi (Lam.b In 

w obUined from Af. 

method, boiled LonxtUMtly at 171^. effloonro (Linn.). • » . > 

Acaniphirr prolxiblv ot tli<' fornnila l-inHnO, I , lrint-5 uro of t he aizo of a pctt, 

II. «iml[<ji.anttty,b«ilin)S.It lOft- aiKlMQl,, 24•»■■!?'“* ‘‘I" "•iHi H.iow-whito mmt of 

9 . . 1 . / Ai ' Ini. which iu iierinoatcd with browu or black 

(Rai-toiotti, /.e.), j Jjft thr I’HjNmtic vahm oi tlie I V 

myrtle nil im deiK'iicJcnt oil the amount of ciiiiv>l i .i i • ■ i • . ■ • n 

Z . * » k .1 tut ».ii MVi tlc wax IS uglveernle arid iioiiMwtsclnerty 

nrcNiiit 111 It, the latter substaiico bojnu identical I * 7 .i '^'n . < i t t 

^ * , , I .. 1 ii. . r * I of naluiilin witli ^miall ouHtitiliL's uiily of olom 

with CW.1..1 and oacoly,,tr,l (h Jalii.s, Aroh. ' ^ .j 

rharia. 2., LiinJ 1-4; J. h<a=. thorn. Ind. », cmuicRial 9 a.ui>l..» vaiiea 

i “wa‘workod op l.y il«.If duoa n..t 

im. 40. 1XU4) uiyrtJc. o. contains >» >«^ l-'gh ,.^,,, 11 ^ .t c!.n, i-wovt-r, bo cm- 

boihngfr«cti,in tJio.:..tor nfan Blooho ,,r„,,c.rtu... of 20-25 p.o. «9 an 

^n^'niiTioT 1 i<id.t.o..toothcroiii,tlonn.tor.al, InthoUnitod 

224 /7W n... gr. Of.7b2 at 20 , [nj„ 1 -40htlS ! 

and frt.]|> (in lUO nun. tul)c) |-4Ji 40 (occniding : ci)ii(,|||xi u- rioiablo amount of iiiyrtJo wax. 
li> Soden and Kkc, b.p. 220’-221“, laJu 49'25 ). ‘ J. L. 

With phiMpiiorus pcntaehlundo It yiddsTMyr/^'jry/ . MYTlLlTQL C|Hi, 04 , 2 H A cveiose 

cklortde I'^i^ll 'F» b.p. hO"/l2 mm., and on I occurring ill ilio valvo inijsi‘li.!/i of 
reduction with sodiuni, J.|iu]<‘;ie i-S rornUHl. On ! fdultK. C'olouTli'hK, hiMtroiis cryf^tals, m.p, 260®; 
o\idatioTi -w]t}i tilih^niK; ucid iiiyrU^nol yi<ddu uii o[iticaJly inactive ; docs not coiitaiu a mo- 
uldcliydo I-, ^ JI , ^O, h. p. S7 W"/ 1 (♦ iri m., ' thoxy 1 grouj j. Forms a ]K nUi-nrcUiit , oiicroscopio 

wbit'b yields an itxnne, m]), 71'’-72'’,'and a' needles, m.p. irj7“-168'’, atid. a hexa-octlait, 
nitrile, b.p. lOO^-lDii /lU niru. (In hydrolyshg ni.p, l8^y'-l8P. Myiilitol is pixjbobly mothyl- 
tiio liitrde iHi/rfriHr. iictd kp. 148"/0 j ryrfy-hcxam'hcxrjl (AcLofinAnii, Iter. J921, 64 

mm., m.p. 46 , is produced, ity ndaction, of I |IL] 1938; r/. Jaiuion (ZciUich. physioL CJiom 
thi Boid dihydn/Jttffrhmf: or id Cio^i silts b.p. | IUJ3, 85, 231), w)in rogarck it as rycAr hexane 
J42“-14478 inm., 4b formod. When oxidued i jienwl audan isouieridu of qucruitol). 




N. 

NA6A RED. An (]yo cienvod from j i!<) 2 (Lblu U.me]I» with a b1acki»li luud-^roy colour 
bejizideno, luedaaatrypanocUle m the Ircfttmcnt und bright mctAliic iuHtro. Hem'« thn popular 

of nagitna. immca ‘ black tclluriuiTi' and * foliaU>d tclluriuiu' 

NAGYAGItE* Asulpbo-telluridoof goldund (fior. liiaitrTifilur). There » a jjerfect cleavage 
lead OTyetailiBod in the oithurhombic dy&tem, paraMol to the Ruriace of the piatea. 8p.OT. 
It containa Te 15'n>30'fi2, S 8'07^1U'7(i, Sb ! ; U. l-l '5^ being Soft enough to maM 

0-7*39» Pb i50‘78-b0'83, Au 5^84-12*70 p.c., with a lft*ui-grcy mark on pajiw. The mineral wa» 
•ometimeft emaU amuunta of ulvar, iron, and formerly found in iiumo abuodanoe, with native 
■oienium. The iormula ia uncertain^ and has gold, blonder ^d rhodonite, at Na^ag in Traji* 
been yarioualy given aa (Pb,Au}^{Te,Sb,S),, syjvatua^ and iesa commonly with aatimonial 
Au|Fb| 4 Sb«Te^) 7 » and AuPb|Te«8M It forms ores at OQd&bauya aiao in Transylvania. It 
taboJai erystali and foliated maseea of thin has been reported from Colorado with other 
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gold tellurides, and from Tararu Creek in New 
Zealand. L J. S. 

HAPELLINE. A name a[)])li(’d by Hubsoli- 
mann to what wan probably a n)i\turo of 
amorphous iilkaifudH frr>m A(o/utim Nnprllu.s 
(Linn.). iSer Aconitk and tiik Aconti'E 
ALKALDID.f. 

NAPHTHA. This torni was originally ap¬ 
plied to a number of volatile, or less 

mobile, inflainmabh^ liquid.s, iiKually i*tlier,s ob¬ 
tained by distillation, r.</. MajifiHia ntrioh 
(ethyl ether), N nitrt (uitr(*ni.s ether). A’. acAi 
(acetie other). The term was Kubse<)uently re- 
strieti'd to the naturally oeeiirring Inpnd b\dro- 
earboiiH, but was aflerwarils exlendia! to "other 
hydroearbons obtained by tlu'de.struetive distil¬ 
lation of shale, coal, hone, tVe. 

An artjlicial najththa of a eoinj>osition similar 
to the natural vaiu^ty may be obtained, in small 
quantity, by jiassing a mixture (tf liyilrogeii and 
neetyleno overniekel at ilOd' (('Jiaritschkoll, J. 
liuRS. I'bys. Chem. Jt>()(), .‘{8. 878). 'J’he ehemieal 
oharaeters of the naturally oeeurring na])htlias 
difler widely, espeeially in the amount of the 
aromatie byilrrjcarbons they eonlain and in tlie 
nature of their paraltms and olefines. 'I hey are 
also eharaetorised by yiriations in tlieir optu'al 
])r()pertie8 The origin of naturally oeeurnng 
na]ilitha.s has given nsi* to mucli tliseiission, but 
all the available geological data testify iliat 
original (hqioHiis of naphtha occur only where 
there has Iteon life. .Sujqiort to tlie liu-ory of 
i^rganii; origin is also given In the investigations 
of geologists and biologists on tho deHlruetioii of 
life on tlio shores of seas and oceans siieli as is 
oeourring at tlie jiresent time in the ItlaeU S(‘a 
(Ipatieff, ,1. Kuhs. Pliys Chem. Sue 4:{, 

14157). According to Charitselikofl the natural 
naphtlins are derived from the decomposition of 
usplialt, itself formed by tlu^ ]>olymeri.sation of 
unsaturated hydrocarbons fornie(i from cai bides 
as surmised }>y Alendelwll, I5erthel<4, and Clucz. 
Tho decomposition products of distilh-d itussian 
asphalt arc similar to mauy Russian mineral 
oils (Charitsclikolf). 

II 31 II H 

KAPHTHACENE f | is 

11 /'x \ ■, A'l 


na]>hthacene quinone with hydrogen iodide and 
jihosphorus (Clabriel and Loupold, l.c.). It 
terras flat needles, m.j). 20fi° 207^ b.p. about 
4(K)'‘. It gives a green solution in sulphuric acd 
with evolution of siiljihur dioxide; is sparingly 
.soluble m lioilirig alcohol, but more readily so 
in benzene, glacial acetic acid, and otlier organic 
solvents. It is oxidised by chromic acid, form¬ 
ing naphtliacoiu'quinonc, whilst with concen¬ 
trated nitric acid it yields a mtronaphthaeene- 
(jiiinone. 

NAPHTHACENEQUINONE r. Quinones. 
NAPHTHALENE 

Jlintory. —'rhe production of najdilhalene in 
tlie manufactiin? of coal-gas seems to have been 
noticed first by Clegg [<'J. Rrande, Quart. Journ. 
Sci. 1820. 8, 287) ; tlie di.scovery of its ])resence 
in coal-tar, bowevi r, was made siimiltaiieously 
m 1810 by (lardon (Annals Phil. 1820. 15. 74) 
ami Bramle (/.r ), the latter regarding it as a 
hydrocarbon (r/. 'J'boinson, fSchwcig. d. 47, 15157). 
It was further examined by Kidd, wlio named 
it ' naplithaliiK'’ (Phil.'ITans. 1821,200), by Ure 
(Phil Trans. 1822, 4715). and by Cluimberlam 
(Annals IMnl. 182)5, jii.J 0, 111')); but its eom- 
posilion was <lct<Tiimied tirst by Faraday in tho 
course ot his iii\e.stigatioii of its isomori<; 
nionosulphonieacKls(Phil Trans. 1820, 150) and 
later by Laurent (Aniuileii, 18152, :5, 11). A 
bibliography of the curly liistoiy ol the subject 
i.s gi\<-n in (iiiielni (Kng. ed. 14. I). 

Foiiiiiiln/ii and .soarux'. - Naphthali'iU! i.s 
almost iiuanubly a I'onstitucnt ot th( jiroducts 
obtained when oigunic. substances aie lieated at 
a cornpanitucly higli tenqieriturc. h’or (‘xainple, 
it is iornuMl m small (juaiiUt)', with other 
aiomatic hydrocurlions, when marsh gas or 
acetxlene (Hertlielot, Pull Soc. ehim. 1807, [ii | 
7, ,‘500), or tlie vapour of alcoliol acetic aeid 
(j5«‘rtheJot. Ann. ('him Phys. 1851, [m ] :T5, 205), 
toluene, xylene, or cumene, or of a mixture 
of l)cri'/ctie, .styrene or anthracene with ('thylenc 
(15eil helot, Cimipt. rend. 1800, 03, 700, 834; 

^ I’hc lollowiUK ablircv iatuuis arc <-inplovc4 lor tho 
names ol firms to ulucli titapicnt reference is made in 
the lo.xt of this article : - 

Aktieiigea. . Akf-ieiigeseliscliaft fur Anihnfabnkation 
in lieriiu 

ItJuliscbu . ll.Mlischo \iuhii-iiud Soda-PalirikiiiLud- 
wiiislmfen a Kh. 


H H 11 H Bayer , Farlieiifatinkeii \orrn. F. Bayer & Co. In 

Eiherield. 


obtained by the di8ti|laiion of dihydroxy- 
naphthaceno q uiiione (lAoellmie dijihthahde) 
with zinc-dust (Gabriel and Leupold, Ri^r. 1808, 
31, 1272; Fr. Pat. 320327, 1002; J. Soc. Chem , 
Ind. 1003, 22). 

Jt forma orange-yellow to red-yellow leaflets, 
m.p. about 335®, which sublime forming a ' 
greenish-yellow vajiour. It gives a green solu¬ 
tion with sulphuric aeid, and is insoluble m 
benzene. When treated with fuming nitric aeid 
it yields naphthacenequinone. 

H H^V^H 

_......... H 


Dihydronaphthacene | | I f H 

H HjjAhH 

is forraeil by the distillation of naphthac^ne or 
of dihydroxynaphthacene qumone over zinc- 
dust; or by heating dihydroxy- or dichloro- 


Sandoz 

HchoUkopl 


. Busier ehoini.seher Fubrik, vorin. Basler 

eliem Falirik Ihiid.seliedier m BjihcI. 

. Farhfahrlk vorm. Jtromier In Frankfurt 
.a M 

. Anihnf.arlH'inahrik Viin L. (kissella & Co 
111 Frankfurt a M. 

. llalil iV, ('u. in Banin n. 

. Amliiitarlieii- mid lixtrakt-Fabrlken vorm. 
. 1 . R. (Jeipy 111 Basel 

. Ge.sell.sduift fur eheinisehe IiidustTle In 
Basel 

. (’heinlsehe Falirik (iricshcim-Elektroii 
in Frankfiu’t a. M. 

. Chemische Fahrik vou Heydeii. Aktlenge- 
flcUsehaft in Radebeiil hel Dresden. 

. Farlaierke vorm. Mcistor, Luclus’ife Bnin* 
ing in Hochst a. M. 

. Kalle & (Jo., Aktiongesellacliaft in 
Bn-brieh a llh 

. Ghemlselie Fahrik GrUnau, Landshoff 
uud Moyer 

. Farhwerk MiUheim vorm. A. Leonhardt 
& Co. In MtiUiehn bel Frankfurt. 

. Chemlsche Fabrlk vorm. Sandoz in Basel. 

. Schollkopf Aniline and Chemical Co., 
Buffalo (U.S.A.). 

. Verein chomischer Fabriken in Maim> 
helm. 
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BuU. Soc. chim. 1806, fii.l 6, 268 ; 1867, [ii.] 7, 
218,278,28.'5), is passed through a porcelain tube 
filled with pumice and boated to redness. It 
is 2 >re 8 ent in small quantity in oil gas tar (Arm¬ 
strong and Miller, Chem. Soc. Trans. 1886, 40, 
80), and is produced when the vapour of toluene, 
or ethylbenzene, or of a mixture of toluene and 
ethylene is passed throiigJi a rod-hot tube 
(Ferko, Ber. 1887, 20, 660) Bortholot’s results 
have ncit been conlirmed in every instaBce by 
later investigators {cf. (Jraebc, Her. 1874, 7, 40; 
Lorenz, tlnd. 1007; Carnelley, (.'liein. Soc. 
Trans. 1880. 37, 705; ImtIo), l.r.), but tins 
la<k of cniilirmatioii may lia\c lieeii due to a 
difi’ereucc in tlie eonditions ein])loyed. Naph¬ 
thalene is a conHiitu<“nt of brown coal-tar 
(Heu.sler, Ber. 1807, 30, 2744); also of the tar 
produced w'hen lurpc'titiiH' v.ipuur is hsl llirougli 
a red-hot iron tube (Scliultz, Her. JS77, 10, 116), 
and IS formed when eoloplnmy or guin liciizoui 
IS distilled with ziiic-diisl (('jannci.in, Ber. 1878, 
11, 260). 

Witli the uhjeot, prinuiniy, of obtaining 
benzene, tijlueuc, and ijiitliiacenc, pcLroimim 
residues and the Ingli-boihng mis ol wood tar 
and brown coal tar have Ix'cn passed, us vn 
Bcrthelot's e.xperiineiits, tbiougli red-hot tubes 
filled with elian-oal. iMntHe<-. iVe. 'I'Ik* tars 
fornusl under these <'onditions fioiii the ichkIih's 
ol Baku js'trolcinn (Is'lny, Ber. 187H, 11, 1210, 
Dnigl. poly. J. 1878, 2251, 35.5; L]ss(‘nlio, B<-i. 
1878, 11, .342; BikIik'W', Dingl. }K'ly. .1. 1881, 
230, 72), and from the tiigh-boiluig mis of br(»wn 
coal tar (Lieberinann and Burg, Ber. 1878, II, 
723; Salzinann and W leliclhaus, ibid. 1431), 
ami pinewood tar (Atterbcrg, ibid. 1222) contain 
consideiable quantities of naphthalene, and in 
general resemble coal tar. From a study of the 
equilibria among aromatic hydrocarbons jiro- 
dueed by ‘cracking’ petndeum, the emielusiou 
has been diawii that najihthalene begins to be 
formed at about the iioiiit where tia; tolumio- 
xylene emitent passes its niaMimim (Bittmann 
and Twomey, J. Ind. Kng. Cliciii. 1016, 8, 20). 
till' tempt'ratnro at wliieli it nnnle its apjiear- 
ance being 7.50 in the case of a ‘ gas fil ’ obtained 
in refilling crude Fennsylvaniaii jxdruleuni 
(Fglof! and Twomey, J. IMiysical Chem. 4016, 
20,145). 

Naphlhalone is a constituent of the jinneijial 
vaneties of tnr ])roduced from coal m the 
manufacture of gas and coke under ^irdinary 
conditioius, but nut ol low temi>eraturc tar. Bv 
thermal doeomjiosition of a tar obtained by 
distillation of coal in va('i(6 at 4.50", it has been 
shown that at 75(1' the higher olefines, which 
are at a maximum at 550". virtually disappear, 
and that their dnsajiiiearanoe synchronises with 
the apjiearance of naphthalene iii the distillate 
(Jones, J. Soc. ('hem hid. 1017^ 36, 5). Naph¬ 
thalene is also present in coal gas, although the 
amount is kept as small as i>ossiblo, t(» avoid 
blocking of the service [iijies during cold w’cather 
{cf. Smith, J Soc. Chem. Jnd., 1880, 8, 040; 
Young, ibid, 1800, 18, 1100; 19(X), 19, 813; 
Irwin, tbid. 314; also, art. Gas, (Joal). The 
proportion in gas tar varies considerably with 
the different kinds of coal employed {cf. Smith, 
J. Soc. Chem. Ind 1880, 8, 951), and ik greater 
the higher the temperature used during car- 
bonieaiiou (Smith, ibtd. 1884, 3, 64), amounting 
usually to 4‘-6 p.c. (tfrid. 1890, 9, 446), but in 


I sopio cases to as much as 10 jiXi. (Lewis, J. Gas 
Lighting, 1886, 47, 1248). In coke-oven tars, 

' the projiortion of naphthalene, as of other 
: aromatic hydrocarbons, depends on the type of 
. ovou used (cf. Smith, J. Soc. Chem. Jiid. 1883, 2, 
i 401). With closed ovens, the tars do not difter 
greatly' from gas tar, thus Watson Simth found 
from i to 10’17 p.c. in tars from Snnoii-Carvda 
ovens working with dillerent kinds of coal 
(J. Soe. Chem. Ind. 1883. 2, 500: 1884, 3, 104, 
508; J. Iron an<l Steel Inst 1885, 103), and 
‘ an equal amount that eoiitained in gas tar ’ 
ill the tar from an Otto oven (J. So(!. ('horn. Ind. 
1884, 3, 508; rf. Knublauch, Dingl. poly, J. 
1884, 254, 37 ; Lunge, J. Soe. Chem. Ind. 1887, 
6 , 583). Blast-furnacc tar eoiitams only a very 
small ]H‘o]»ortioii of naphthalene (Smith, J Soc. 
Cliom. Ind. 1883, 2, 405). 

Syntlietiial methods of preparing naphthal- 
eiii' have been*(leseril)i‘<l by Arunlimm (Bor. 
1873, 6, 67). Wreden and Znatowioz (Ber. 1876, 
9, J606), and Baoyer and I'erkm (Bor. 188-1, 17, 
448). According ti> lh*adJey and Jacobs, it can 
Ir' obtaiiieil by beating barium carbide with 
barium liydroxidt^ al 8(H> ’ I0(K> ’ (D. K.-lk 
l2o!)36; Bug. B. 26061 ol 1898). 

I mbit ton mid jninfm/lioii (Lunge, (5)al 'Par 
and Ammonia, 5lb ed.*l9l6, 825 ct cicq .).— 
Naplitbak'iie (K'cur.s m tin* coal tar fraction 
lioilmg at iKir 2.50 , and is present, therefore, 
in the ‘ light oil ■ (b.p. llO ' 2U) ), and ‘ creosote 
oil' (b.p. 240’-270 ), l)nt iiio.st abundantly m 
the ‘carbolic oil’ (b.p. 210-240') of the tar 
distiller. From tlie, carbolic oil the crude hydro¬ 
carbon crystallises out to a large iixtcnt on cool¬ 
ing, and can be treed from the accompanying 
oil by draining ami subsequent hot-i>res8ing. It 
is then stirred for some time with hot caustic 
sotia solution of convenient strength to remove 
])}ienolie eoji.stituenla; and, after the alkaline 
l]qu<jr luis been run off, is washed with hot 
wat'T. Next, it is liealcil for about an hour 
with .5- 16 pc. of concentI’ated sulphuric acid 
(sp gr. J *7- I -81) ^ at about 1(8)% to remove both 
iiasjc Hubstan(;oH ami ri'sidual ]jhenols as soluble 
.suliJionie acids, Jt is then washed several 
tirru's with hot water, afterwards with weak 
alkali, ami again with hot walmy and finally is 
either sublimed or preferably distilled, pure 
na|)htha]ene being collected between 210*^ and 
230", or so long as a sample Holidifics on cooling, 
and giv(!8 only a famtly-coloured solution when 
dissolved in hot Hiiljiluiric acid. 

The use of sulphuric acid may be avoided by 
blowing air, as finely divided as possible, into 
crude naphthalene heaU*d at 206" durirtg 10 
hours. From B) to 15 p.e. of the melt volatilises 
and, condensed, can Im; added to the next batch. 
The impuritic.s, resimficd and rendered n<^w* 
volatile, remain behind when the purified 
najihthaleno is separated by distillation and 
may be used as fuel (Ges. fur Teerverwert. 
D. H.-B. 277110). 

Fropcr/ie.f.—I’uriiied naphthalene is usually 
found in eommerce in white crystalline mosses 
or thin scales. It crystallises from alcohol in 
scales or monoclmic jirisms (Groth, Ber. 1870, 
3, 453), melts at 80", aohdities at 79'6"'-79*8® 

1 To obtain rjapblhalene which will remain per- 
t manently white an oxulisiriR apent--for example, about 
' 5 p.c. of llnely ground pyrolusitc; or Weldon-mud— 
may be used W'ith the acid (Lunge, Ber. 1881,14.1766). 
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(Weger, Z. angei^. Chom. 1909, 22, 341), and 
boils at 217'6® at 750 5 mm., or 218‘5® at 
767*0 mm. (Crafts, Bull. Soc. chim. 1883, |ii.] 39, 
282) Its sp.Rr. iH M.517 at 18*75^' (Voh), J. 
|)r. Chetii. 1807, 102, 30), or 0*9774 in the liquid 
state at 79*2^ (Kopp, Annalen, 1855, 95, 335 ; rf. 
Sohilf, ibid. 1884, 223, 201). Najdilhaloije lias a 
characteristic, penetrating, tarry odour, a 
pungent taste, and burn.s witli a very smoky 
fianio. Jt is only sfiaringly soluhlr in liglit petro¬ 
leum, but very soluble m benzene or ctlier, and 
miscible in all projHirtions'witli iiot toliieiK' or 
absolute alcohol. Bechi lound that 100 |)arts 
of toluene dissolve' 31*91 }iarls <»f naphthalene 
at lCf.5'', and 100 parts of absolute nUsdiol 
diHsrdve 5-29 paits at 1.5' (her. 1879, J2, 1978), 
and Smith that J0() jiatts ol bi'n/ene, tohuau*. 
‘xylene,' and ‘eutiK'iie’ dissolve 4.5-8, .32*0, 
31*5, and 30-1 ]»art.s of naplif haJene re.sf)eetively 
at 1.5" (J. Soc. Jud. 19011, 21, 1225). In 

O’tralin, it dis-solves in all projxution.s at 30", 
but the solubility fails to I in 10 at 10' and at 
6 '-’ is negligible (Kutsclieiireuter, 1). K.-I’. 

317304). ^^ajihtlialiuHf volatikses at tenijHTa- 
tures eoiiHiderably below its boiiing-point, and 
is readily volatile with steam, aleolnd va 2 >our, 
or the vapour of tars ol low boiliiig.])oint. Ac¬ 
cording to Nanmann flier. JS77. JO, 2010; 1878, 
11, 33), when steam is jsisseil into it, naplitduil- 
ene ilistils with water in the following ratios.— 


buronn-lor 

(cur.) 

'IVmitei.a- 
tiirc ui 

ll(|IU(l 

'I'fllllHlil- 
1 tun ut 
vaiiuur 

bllliu of 
! niH>ttllml('nc 
t.u water 
' 11 . Uisllllate 

nun 1 

759 *5 

97*8'' 

99‘2" 

100:520 

757*0 j 

97*7" 1 

99*1 ' 

; 100:571) 

733*0 1 

! 

98 2" 

I 100:555 


Jlis values for the vapour pie.ssiire of naphthal¬ 
ene, m. 2 min. at 15", 9 mm. at 78", and 20 5 inm. 
at lOO", are higher than those oi Jfaikor--- 
0*004 min, at 20", 7*4 inm. at 80", and 18*5 mm. 
at UHf" (Z. physikal. ('hem. 1910,71, 23.5). 

JlcaciioHs.— Pure naphthalene in acetic acid 
solution js readily hydrogenated at 2U‘ in the 
jircseiice of jilatinum black,^ yiekling (he i 
decahydrkk (Willstatter and ilatt, Ber. *1912, | 
45, 1474). JHydrogenatial, with nickel as the I 
catalyst, it furnishes (ilru/ii/droiMiji/il/udeac 1 
(tctruliu) and the, dtcu/iydi idc {i\ art. Tkiuvun). 
When hcati'd with amorphous phosphorus and 
hydriodie aeid, it yields a Utra-, luxa-, or 
dtc<i- hydruk {<J. (Jraebe and (Oiye, Ber. 1883, 
JO, 3028); with sodium ami eth\l uleoliol a 
dihydnde. (BambergtT and Lodter, Animlen, 
1895, 288, 75); ami with s<idium and amyl 
alcohol a Mrahydndc (Bamberger and K.itsohoJt, 
Ber. 1890, 23, 1501). 

On oxidation with potassium fiemianganato 
in aqueous solution (Tscherniae, J). K.-P. 

79093 ; Prochazka, Ber. 1897, 30, 3109 ; Graebe 
and Trumpy, Ber. 1898, 31, 309; l)aly, J. 
Physical Cliem. BK)7, 11, 93) oi;, better, with 
potassium manganate ('J’sehemiae ]). It.-P. 

* Acconliiig to WUIsiatter and llatt {I c .; cf. 
Wlllstflttcr ami King, ber 1013, 4fi, 534). the purest 
coimuereial nnphthiUene may eoiitam as much aa i 
0 25 p.c. of sulplmr, which Inhibits the action of tlie j 
catalyst but may be removed by repeated crystallisation 
from atcobol. 


86914) naphthalene is converted into pJiihaionic 
acid with only a small proportion of pkthalic 
acid {rf. Losson, Annalen, 1807, 144, 71), but 
with acidilied permanganate into pMudic acid 
(Tschermac, l.c.) With nitric acid (sp.gr, 1*16) 
at 130% ‘pidhabc aad is the product (Bcilstein 
and Kurbatow, Annalen, 1880, 202, 215; cj. 
Boswell, J. Physical (Jbeni. 1907, 11, 129); and 
with chromic acid mixture, phthulic acid (Lessen, 
l.(\) in 32 ji.c. yudd (Heller, Ber. 1912, 45, 674, 
footnote'); but with chromic acid in acetic acid 
s(»Iiition, {a-\uiiiihlhaf{timo/ic (Groves, Chem. Soc. 
J. 1873, 20. 209) and phfhalic acid (Beilstein and 
Kurbatow’, / r.) are obtained. Oxidation in acid 
solution with eerie salts (Hochst, D. R.-P. 
J.58009) or idcctrolytic oxidation (dc Bottens, 
Zoitseh. Klectroi liem, 1902, 8, 073) in presence 
of ceroussalts(Hoehsl, I). K.-J*. 1520*13 ; Eng. P. 
10178 of 15)02) also converts it into [aynuyhtha- 
qutnoiu' ami phttialic acid. Jt is oxidised also, 
wlien heat'd witli J.5 times its weight of lOi) 
p.c. sulphuric acid (monnhydratc) and half its 
weight of mercuric sulphate ut 200", yielding 
phthaLu' acid in large amount, mixed w’lth some 
'iuiphophiiuthr and (Biidisehe, It. R.-l% 91202; 
Eng. J’. 18221 of 1890). Phtimhc acid is also 
one of the products when its vapour is oxidised 
by air at 350 500" in the jire.senee of a cataly.st 
such as vaiuulic oxide or vanadyl chloride 
(Selden Co. and Gihbs, Brit. 1% 1J95J8; Wohl, 
Bnt. P. 14.5701 ; British Dycstutt.s (Jorpth, 
Green and Porter, Bnt 1'. 104785). 

With chlorine, vapldlmk'ia- dirhlwid' (Eischer, 
Ber 1878, 11, 735, 1411), and trlnir/doridc {q.v.) 
ai'i“ formed, wliieli, by elimination of bydrogoii 
chloride are converted into mono- and di- 
ehloroiia]di(halc'ues (Faust and Saame, Annalen, 
1871, 100, 00; Kratlt and Becker, Ber. 1870, 
9, 1088; Wulmami, Ber. 1882, 15, 2102; 
Armstrong and Wynne, ('hem. Soe. Broc. 1890, 
0 , 85). With bromine*, it forms a tctrnbromide, 
but only at low temperatures ((.Jrndorif and 
Moyer, Am<T. (’hem J. 1897, 19,202), and under 
ordinary conditions gives rise to substitution 
(U*nvatives (Laurent, Ann. (’him. Phys. 1835, 
In.j .59, 216; Glaser, Annalen, 1805, 135, 40; 
Guareschi, Annalen, 1884, 222, 205 ; Armsti'ong 
and *Wynne, l.c.) 

Fdmmg nitric aidd, or a mixture of nitric 
and sulphuric acids, converts naphthalene into 
vanuh, di-y tri-, or Uira-mtro- derivatives ; with 
sulphurjo acid, accordmg to the quantity, 

1 i*onceutration, or temperature employed, thotw-, 
di-, in-, or (cl/u-suip/io/ac acid.s are formed. 

>i'heii its vapour is jias-scd through a red-hot 
iron tube, naphthalene yields about 15 p.c. of 
fd^-dimphthyl, and, when mixed with ethylene, 
give.s in ad^fion a very small quantity of aco- 
naphthene and plienanlhrene (Ferko, Ber. 1887, 
20, 002). Fuskui with sodamide and phenol at 
l(K)"-220" converts it mto a mixture of a-mph- 
thiilaminr and 1 : ^-duimimiuiphihalcne (.Sachs, 
Ber. 1900, 39, 3023). 

Molecular cojnqiomids. —Naphthalene com¬ 
bines with trinitro-derivatives of benzene (Hepp, 
Annalen, 1882, 215, 380), toluene (Hepp, l.c.), 
ainhne (Liebermann and l^alm, Ber. 1875,8, 377), 
phenol (Heiiriques, Annalen, 1882, 215, 332), or 
cresol (Noelting, Ber. 1882, 15, 1862 ; 1884, 17, 
271), giving rise to crystalline molecular com¬ 
pounds of varying stability. Of those, the com- 
with picric acid, 
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golden-yellow needles, m.p. 149®, dissolves in 
alcohol, other, or benzene without decomposition 
and hnds employment in methods lor the esti¬ 
mation of the hydrocarbon (Fritzscho, Jabrosb. 
Chem. 1857, 456); the eompmvd with A-trinitro- 
benzene, CigHg-hC^HgiNOjla, forms pale yellow 
needles, m.p. 152'6® (Sudborough, ('hem. Soc. 
Trans. 1916, 109, 1344). 

TeaU. —Commercial naplithalonc almuld melt 
at 79“^,^ boil at 217°-218° at 700 mm., volatilise 
without leaving a residue, and b(5 white and free 
from phenols or quinoline bases. W hen lieatcd 
with concentrated eulphnru: acid at ]70"--200'^ 
it should at most eoloui’ the acid grey (Witt, 
Chem. Ind. 1887, 10, 216), or faintly |»ur|ile, and 
when left in contact with nitric acid (sp.gr. J '42) 
should remain white for at b'ast Jmlf an hour 
(Lunge, Coal 'i'ar and Ammonia, l.c.). 

The })rosenco of phenols can be delected by 
boiling the sample with diluUi caustKi soda 
solution, cooling, tiltering, and adding lo tlie 
liltrate bromine vater and liydroihlorie acid, 
when any phenols juesent will lie J)r<“(•J|)lta(^Hl 
in theJorm of briuninated cnuij)oumls. (Quino¬ 
line bases are delecO'd ]>y disHoIvnig the sanii»le 
in warm eoneeiitrated siil|)liuru: acid, lauinng 
the solution into walei. liltenng, rendering tlie 
filtrate alkaline and distilling, when any quino¬ 
line bn.sc.s present M’lll jiass over with the steam, 
and bo recognised by their eliaractenslu- oilour 
(Lunge, lx.). 

EsUvmtvm. —'I'lie projiortion of na])htlmlene 
in comniereial sainpli^s etm be determmed in 
many cases by sublimation. According to 
Kuster (Ber. 1894, 27, 1101) an acidirnclric 
method, based on tlie formation of the insoluble 
picrate, can be used fordidcrmmmg najilitlialcne. 
In this process, a saturated solution of jucric 
acid is CDijiloyed, the exc<*ss of whieli is ailer- 
wards found by titration vith standard liaryta, 
using laemoid as indieat or: but as acenaphthene, 
chry.sene and the riaphthois also form insoluble 
compounds with jucric acid, the method is 
valueless if they are present in tin* samiile. In 
modified forms Kiister^s method has beim em¬ 
ployed for e'itimating the amount of najihthalene 
in coal gas (cj. inter aha ('olman and Smith, 
J. Soc. Chem. Ind. IJHtO, 19, 128; Gair, 

1005, 24, 1279; 1907, 26, 1263; Colman, (/as J. 
1918, 144, 231). 

l/ficA.—Until the discovery of the eosins 
about 1874, and of the av,o- dyes aboiifc 1876, 
naphthalene was a waslo product being eithcft 
employed as a fuel, or burned for soot. Even 
now, production is in excess of the dem.*nd, 
although a consideralilo proportion of the out¬ 
put is utilised in the manufacture of })lithahc 
acid, naphthylaminee, naplithols and other 
important intermediates of tlio dyestuff in¬ 
dustry • 

To a limited extent it finds employment as 
a disinfectant and insecticide, and in the enrich¬ 
ment of gaseous fuels, but its use as a carburettor 
for coal gas in the albo-carbon burner has been 
abandoned as a consequence of the introduction 
of incandescent lighting (r/. inter aha Livescy 
and Kidd, i). JR.-P. 2075 ; Eng. P. 244 of 1878 ; 
Kidd and Vale, Eng. P. 2135 of 1880; Vale, 
D. R.-P. 32265; Lunge, f.c.). Attempts made 

^ In practice, the temperature at which the sample 
solidifies is preferred to the meltlng-iKiint, the deter- 
mlDatloo, If made in Bhukoff's apparatus, being 
accurate to O*!** (Chem. Zett. 1901, 25, 1111). 


! to, convert it into liquid h|^drooarbons for 
j illuminating or lubricating purposes by alkyla- 
i tion, by hydrogenation under pressure, or by 
heating with aluminium oliiorde under preasuro, 
have led only to unproiuisiiig results [cJ. Fischer, 
Schneider, Hilpert, and Niggouiann, ('hem. 
Zentr. 1919, ii. 584) By its ready c*)iiversion 
; into tctraliydronaphthaleno {Mrulin)^ however, 
a now opening has been found for it ui the pro¬ 
duction of an oil which can be used us an illumin- 
ant, motor fuel, solvent or source of dyestuffs 
{v. art. Tktkamn). •Certain synthetic tanning 
inatcnals syntaiiH’), produced from naphthal¬ 
ene to meet the .shortage of natural taimiiis, 

, have al.Ho the jii'o|n'rty in soino cases of render¬ 
ing soluble tlio nnsulublo part of the natural 
tanning agents.* 

Constitution o^’ Naphthalene and Naph¬ 
thalene Dehivatives. 

’['he naphtlialene comjioimds of greatest 
technical itnportaneo in connexion with the 
maiiufaelure of azo- dyes are the naphfhyl- 
anune.s, naphthols, anmionaphthuls, and the 
(liu'ived isomeric aulpliomc acids. I’hese sub- 
.stanceH are by no means e(jually valuable as 
sources (*f (lycfl ; some, Tor example, do not 
couple witli diazotised bases, or form only 
ainmoazo- <‘oiu]ioutidH, others yield azo- dyes 
whj<4i are not last to soap, or are valueless on 
aecoiintof their shade, msolubility or instability,* 
and only a comparatively small number form 
azo- dyes which answer all the requiremcnla of 
the dyer so lar as lastness, tinctorial power, and 
delicacy of shade are concerned. A knowledge 
of the constitution of the iiaplithalene deriva¬ 
tives employed in the colour industry is thus 
of much importance, and it may be of interest 
to nolo that Patent sjiccilK-ations not iiifro- 
qiicnlly contain the evidence on which consti¬ 
tutional formuJjo ado[)ted m this article have 
Ix'iui assigned. 

('oiiAiduiion of naphihalnw .—The Erlen- 
moycr-fii'acbe lormula for iiaplithalene, jiroposed 
by Erh'iiimiyer (Aimalen, IHiiri, 137, 346 (foot¬ 
note)), but lirst made jirobablo on the basis of 
experimental cvidcnco by Craobe (Aimalen, 
J8(»n, J49, 22), represents the molecule aa com- 
jio.sesd of two six-meinbercii rings Laving two 
carbon atoms in common. This anraiigement is 
ftbowu in formula 1, witb which formula 11, or, 
conventionally, when the object is merely to 

* For tlie preparation of materials, formalde¬ 
hyde is condensed with ruiidithaleiiemonosulphonicacids 
(». p. 422), nr witli a- or p-iuii»lilliylainliie8uli)honlc 
acids (Dcut.sch-Kol Gerb- u Furbstotf-Ges., 1). R.-F. 
29:U)41,21)3040,2l>482r», 31.'’>H7l, Buraini ami Muguenin, 
Brit. F. 138700) or wit)» o- or ^-iiaplitliolflulpbonlc acids 
(Deutsch-Kol Gerli-u FailwtolT-Giai, G. R-I*. 293042, 
293003, 305705, 300132; Ladisebe, J). R.-F. 201467). 
Those from llic naphtliols Kive colour reactions with 
ferric clilondc and coujile with diazotised bases. 

* For examine . cueli of tlie followliii; acids (2 rnolfl.) 
coupled with diazotised benzidine {tetrazodipheuyl) 
gives worthless azo-ilves ol tiiv shades Indicated 

(а) p-NaphthylarumesiilphoiUc acids; S-fylactd, 
sparingly Holiible or.mge-jellow ; 6-[^-lncKb iusoluble 
reddisli-lirown ; 7-f^- or F-]acld, red chimgiiig to brown 
by action ol atniospiie.ric carbon dioxide ; 8-[a-J none, 
but a yellow diazonrnlno- compound ; 

(б) ^-Naphtiiylamlncdlsulphoiilc acids: 3:6- 

amino-E-Judd, red of little tinctorial power; 6:8- 
•y- or ammo-G-l acid, yellow and fugitive. 

On tlie other hand, ^-uaphthylamlne-8: T-dUul- 

E honic acid gives a red dye, remarkably fast towards 
gbt and acids (Cassella, c. R.-P. 46711). 
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show tho relatiro msition of substituents in,the 
molecule, formula III is equivalent:— 

H H 
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H(! 

0 

CH 
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> 11 
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I'o aav(! the labour of ^v^^(Ing the .syuibol 
each tune it ih desired to lodicati' tlie orientation 
of a substituent, seseral methods for distineuisli- 
ing the jiositions have lieen devised, of which 
tlir<‘e are shown in tJie symbols l\'-\ I . -- 
P 1 a^ Oj 8 1 

\ A -/no - \ 
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4^ 4 

IV 
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isolated, but os, by well-known reactions, it is 
not difficult in most cases to connect a naphthal¬ 
ene derivative under investigation with one of 
the ehlorona))hthalenes, this group of substances 
serves as a standard to which the orientation of 
other di- and tri- derivatives is referred. 

In the tables whudi follow, tho melting- 
points and crystalline appearance of tiic dichloro- 
and trichloro-iiaphthaJenes are given, but as 
these limy not in ((very case be sufficient for 
characterisation, the respi'ctive sulpbonic acids 
((‘iich of vvlueh furnishes a chloride and amide 
of dcliiiij(“ melting-jiuint) can lie utilised to 
render kUoiI ilicalion eonipletic 

J> I c h lu I i> H (I ]) Ji t ha I ( n c s. 




of tliese the last (V!), originally tiro])osed by 
Graebe in iHbb, and adopted by tlie Geneva 
(Vuigress on Noiiumelal iin* in 1811:^ (Chein. News, 
do, 280), IS th<i only oik* now in use. 

With one exception (Wreden. Hei. 187<), }), 
OOO) all the forinnlie jiroposed for naplitlialene ^ ; 
show two si.\-ineinbeied i mgs ni the same [ilune,- 
but differ Irom one anotlier, ami Irom tlic 
Krlenmeyer Graebci symbol, in Hie modi' of 
distribution of thi' foutlli valency ot eaeb carltoii 
atom, on whieli the nnsaturalion of tlu' molivule, 
and the pivqierties (lislniguislimg imjihtlialene 
eoniiiounds from those of beii/i'iie ])robal)ly 
di'pend. 'I’liese six-niemlieri'd rings have been 
termed lien/ene or benzenoid lings, hut under a 
TnisapfiieheiiMon : neil-her ring lias tho jirujier- 
ties of benzene until tlie unsatiiration of the 
other has been destroyed. 

'riie detei'nunatioii of tin* relative positions 
of substituents HI the molecule depends, a.sm the 
case of benzene, on eojisideralioiis arising out of 
tho forninla ibselt. Provided tlie substituents 
are all alike, flic nuiiifiei <il mono-, di-, and tri- 
dcrivativos ot naphllialene, deducible from tlie 
Ericiimeyer-Graebe symbol, is 2, 10, and 14 
respectively. Investigation of all the sub¬ 
stances dcseiibed in the literature as tliehloro- 
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Long, did- needles 
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1 I 1 
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Long, Hat needles. 
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1 . 5 

1U7^ 

S)ior(, Hat m-edh's 
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48 

l.oiig, 11,d, neetlles. 
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1 1 7 

02 .7" 

SiJi.dl aggreg.iti's. 


M 

1 1 K 

82" 

Klioinlioliedra 
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1 2 3 

119.7'’ 

Thin, liHtruiis seaJes. 
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Long, fi,i(, needles. 
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'j 
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al 
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1 

1 2 3 

81' 

(Jioui)s of long needles. 

— 


1 2 1 

92" ; 

Tiill.s of Hid, needles 

— 


■ 1 2 5 

78 .7 ■ j 

Sliort, Hat needles. 

,— 


1 2 c 

92 .7" 1 

Sli nd< r neHiiics 

— 


1 1 2 7 

8S ■ and 84' 

Mier<)seopie needles. 

— 


1 2 S 

8.5 .7 " 

Long sletider needles. 


y- 


J 3 .7 

IU’5^ ' 

Long. Il.it needle,') 


w- 


1 3 (1 

80 .»'■ 'I'lilts 1)1 thin needles. 


H- 


1 3 7 

113" 

Slioif, tlnu iK'i'dles. 


fl- 


I 3 8 89':7 and 85"; J.arge, flat prihina. 


fi.l 


1 4..7 

131" 

\'('iy long needles. 

1 niu 

(f-J i 4.(1 

00" and .70" 

Needles, becoming 



' ! 


opiKjue 

— 


2-3.5' 

109" 

Jxing. tlun needles. 


V" 


2 ,3 : (1 

or 

Mimiie plates. 


and liichloiM-miiihtlialenes has sliowm that the 
number is ten fur the one and fourteen for the 
otlier,^ in agn'oment therefore with the nuriilx'r 
of isdmeriilos predicted from the formula 
(Armstrong and Wynne, ('licm. Sue. l*roe. iStK), 
d, 77; 18!)r>, 11, 84). in no othi'r senes of tri- 
derivatives have all tho po.ssibl(' isomende.s been 

' Cf. dertlu'lot, I’onipt reml 180(1, 788, 8:(4 ; 

Wiciielhaiis, Bi'r. 1800. g, 11)7 ; Wreden (second lorimilii), 
/ r ; Claus, Iter. 1882, 1.'), 1827 ; UaiidKrKiT, Aiiiiali'ii. 
1800, 2.77, 44; Arnwtnmg. ('hem, Soe Proe. 1800 , 0 , 
102; Thiele, Aiinaleii, IHOi), dOd. HIM; Knoevenagel, 
ilnd. 1900,311, 194; Hiirtlev. ('Iii'iii. Sor 'lYiiii'^ 19(i.>. 
87. J828: duly and Tuck. >f»ij 1008 . OO. 190.>; 
Millstatterund Wa.ser, Her I91J. 4t. 3423 ; Mlllstatter 
and Hatt, Her 19}2. 4.'), 1481 ; Bamberger. Her lOlll. 
4(1, 18yi); J. ,T.'I'lionison. IMill Mag 1914, {vi 127,784; 
Weinberg, Her J921, .74. 2170; W.H.Bragg. PIijn. 8oc. 
Piov. 1«2\. 34. 42. 

* Kautb'r {Aimaien, 1907. 351. 154) lias proposed 
a formula with the two rings iu different planes. 

* When ilie substituents are nut alike the nuinbei 
of liomerides is greater; thus the possibility that 14 
uaphthobuUphoiiic acids, 42 naplitholdisulphojile adds, 
ana 84 aunnounphtholsulphonic adds may exist is 
iledaolbk^ from the uaphtholeno symbol. 


I’iirijughout this article the constitution of 
a subs*,inco is indicated by numerals, except in 
•those eases where the use of a- and (j-, as equiva¬ 
lent to the I- and 2- positions, is commonly 
(unployed, <.<f. a-na})hthnl instead of tho less 
familiar 1-hydroxynaphthalene. When it has 
been iieeessarv to use the letters a-, y- . . . 
to di.stinguish isoinendes without reference to 
constitution, whether known or unknown, the 
Ilian adopted *l)y Ladenburg (Handworterbuch, 
art. Naphtalin) of placing them in brackets 
(e.y. (a-1) has been followed. 

►SUBS’l'lTUTION IN THR NaI'IITHALENB SkBIES. 

A full discussion of the laws of substitution 
in the na])htbalene series, and of the theories 
which have been proposed to account for or 
explain them, lies outside the scope of this 
, article, but a summary of what is known or 
' surmised in connexion with the course which 
I substitution follows during nitration and 
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gulphonation may be attempted iii view of the 
importance f)f these processes in the manufacture 
of naphthalene derivatives for use in the colour 
industry. 

The existence of two series of mono- substitu¬ 
tion derivatives in the naphthalene series, and 
the fact that substitution tends to occur mainly 
in the a* position have long been recognised 
For example, by chlorination, brominution or 
nitration, najihtlialene yields a-chloro-, a-brt>mo- 
or a-nitro-naphtlialcne ; 


/ \ 


Cl 

\ 


I I j 



/\/ 

I I 


NO, 


whilst, by nitration, a-cliloronaiditlialciu* yields | 
three, a-nitronaplithaleiie two, iiajihthaionc-a- ' 
suljihonic acid three, and n;\j»}i(halone-^?-sul- ' 
phonu! fU'id Ihrte a-nilro- dernatucs. Owing | 
to the vi'ry small jiroportion m wliii h the i 
isomeridc is formed, tlic pre.scnc(‘ o1 /? (iiJoro- ! 
and ^-bromo- naphthalene in the respeelive i 
mono- suiistitntioii pnidmls e>r.ij»(“d recognition 
until (:<>mpiirati\<‘Iy reeenlly, and that of /I- j 
nitro- in a-nilro na})litluii(‘ne is still a matter of i 
dis])ute I 

With siil])lniric acid as the agent very j 
difTereiit results arc ofitained. I<'araday, wlio 
was the first to stmly the m-tioii of snlphuri<‘ : 
acid on naphtlialenc, isolatial the baruiin salts 
of tlio two moiiosuljihonic acids. Known now as ' 
the a- and fi- acids, and later investigations j 
have not only eonfirmetl his discovery, but | 
show’n that tlie /j compound uicivasc.s in t 
amount us tin* temperature of siilphonatioii is 
raised until al H»0 ' it constitiifc's almost the sole 
product. 1'hiH increasi* in the amount of the 
accompanied h\ a corresponding diminution 
in that oi the a- acid, is shown clearly by tlie 
following mimlHTs, obtaineil with many otluas 
by Eiiwes in a (luanlitative study of th(' mole¬ 
cular reaction c.viiressed by 1h<! e<iuation :— 

In his exjiorimeiits, immohydrate was the* acid j 
used and H houi*s the duration <i£ the heating i 
(Rec. trav. ehiiii. 10011, 28, 208) : - • i 


acid is fixed for any given temperature ; thus 
with 00 p.c., 00 p.c., and 100 p.o. sulphuric acid 
at 129®, the proportion of a-acid in the product 
was 44f>-44‘4 p.c., the recovered naphthalene 
being 32 p.c., 23 p.c., and 10 p.c. i-espectuely. 
That equilibrium is attained by the gradual 
replacement of a-aeid by /9-aoid w.i# made 
CA'ident by Khorlening the duration of the 
reaction ; thus, at 120 ’, all other conditions 
being unchanged, the melt at the end of 35 
minutes contained 70 p.o. of a-aeid, but at the 
end of 0 hours only 4}> p.o. 

It ha.s long been known that eulplionation is 
a re\’iTsible jinx-ess, and, in tlio iiajilitlialene 
.senes that a-sniphotm; aidds arc hydrolysed at 
lower lonijieratures tlian /l-snJ]»hoiiic acids 
nmler conditions otherwise comparable. To 
Noelt ing IS due the suggi'stion that naphthalene, 
regeiHTated by iiydroly.sis of its a-sulphonic 
acid at tlie Iiigh*(emperature is at this high 
Imiiperatniv resiilplioiiated, but m iJio fi-, not 
t.li(' a- position (iier. 1875, 8, 1005). This 
i-\planation, winch <locs not iicconnt for the 
])rcsenc(“ of /^-acid in Ihe product birnied oven 
at so low a tcm[K‘i'a1ure as O' (<f. Fierz and 
Wei.ss<‘iiliacli, Helv. Cliim. Acta, 1020, 3, 314) 
or for its progre.ssive nicriMsit as tlie ternjKTatur© 
Ti.ses, seems to liavi* been ac^cptisl {cf. Weinberg, 
Her. 1887, 20, 3354; Ih'iider. Her. IHKO, 22, 
004) until Erilmann publislied the lirst <lctai!od 
stmly of an e.xainpK* of sulphoiiatiou (Annalen, 
1803, 275, 102) 

Briefly, Krdmann'.v lesnlts, which were 
obtained with a-naplitliylamine, sJiowi'd that:— 

(i.) V\’licn lieated with 5 times its vvc'ighl of 
fl5-0f> p e. sulpiiune acid at 130 ', the base was 
rajiiilly eonvc'rtcd into Dk* 4-Milpltonic acid, 
with a small amount of th(^ 5 siilphonic acid 
and traces of the O-suIpliomc aci<l : 

(n.) 'I’he j)ro(hat at tlie end of 20 minutes 
was solulile. in water, but eoiitaiiied some 
a-na]>hthyhunino; 

(in.) 'i’lie amount of naplilliylamirio increased, 
with .simultaneous formation of the 4: 7- 
disiil[)hoiiic acid, as the heating at 130"^ was 
jirolonged, tin' b-suljihonic acid, and afterwards 
the 0-sul])hoiijc acid, becoming tiie idind product: 

Nlia Nil, NHa 




I’lT cent. Ill 



Per cen‘ 
of' H, 

jirodiict of 

i Sulphone 
, pfT (vnt 


roioviTCil * 

o-aoi(l 

p-acul 

80° 

27*0 

90*4 

3-(i 


100° 

20 0 

83*2 

10-8 

, — 

129° 

10-0 

44-4 

55 *0 

1-0 

138*5° 

8*0 

28*4 

: 710 

i (?) 

160°* 

0-4 

18*3 

, Sl*7 

3-2 


According to Euwes, when equilibrium is 
attained, the relative proportion of a- and 

^ It should be noted that this deorc:i.He in the awouiit 
of naplitlialene rei'overed at the lilglier tenujerafiires 
does not hurmonLso wiUi Merz and Weitli’s rcHiilts 
(r. NapMftaleHe-^i-SiiJplmiic aetd). 

2 At tnnipcratiifeH aliove 100", disiilphonic acid was 
formed, but the*tlata giion do not show to what 
extent. If anv, the consequent increase in dilution of 
tile sulphuric acid influenced the relative proportion 
of a* and ^-monosulphoq^c adds. 



S S 


I To explain these facts^ Erdmann modified 
j Noelting’s view by tlio assumption that the 
I 4-, 5-, and (I-Buljilnmie acids are produced simul- 
i taneously but in widely diifonug amounts, 
j 'I'hc formation of water by the further aulphona- 
! tion of the naj)bthyIamine'4-8ulphonic acid 

j NH, SOsir+HjSO,- NH, 

I disturb.s the equilibrium which otherwise would 
he attained, and brings about the hydrolysis 
' first of the 4-sulphonic acid, and then of the 
‘ 5-flulphonic acid. 'J’hiis ho accounted for the 
'increase m the amount of a-naphthylamine ; 

, of tho r)-Hulphoni<‘ acid; and finully of the 
' <)-Kulphonic acid - tho least easily hydrolysed 
! of the throe acids—in the product. 

In a re-investigation of the siilphonation of 
)3.nai)hthylaraine, Green and Vakil obtained 
results (Chem. Soc. Trans. 1918, 113, 35; cf. 
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Green, ibid. 188®, 55, 33) which may be sum- , 
•marised as foUows:— * 1 

(i.) When ^-naphthylamine was heated ! 
with 4 times its weight of 95 p.c, sulphuric: acid ' 
at temperatures between 40" and 120", and for ' 
periods varying between 5 and 2.1 hours, the I 
product in each ease contained tlie four hetero- I 
nuclcal sulphonic acids. 'J’hc table gives the 
relative proportion of tlie-se acids in four melts 
selected from among tliose examined :— 


cAA 
I I' 
VV 

s 


NH 


2 


sWnh, 

I I Iq 

VV® 

s 


m. 


v'> 

s 


vv'’ 


sAA; 

s'vv'« 


NH, 



Duriiiion 
hi liouf^ ; 

i 

8-aci() 

pc 

j r»-.ari<l 
p c 

Ml Mil 0- I 

mill 7- 
»< ids jt 0 1 

1 

40" 1 

' r> 

38 ; 

(51 -(5 

0-4 

80" ! 

5 

41 

.5.7-3 

0-7 

HO" j 

20 

3(5 

()1 •() 

2-4 

120° ! 

r> 

20 


7-.5 ! 


(li.) With (50 p.c. sulphuric acid the facility 
with which the isomeric acids •were hydrolysi'il 
could he e.\j)r<‘HH(‘d thus : 2 : h'A 2 ; .^^*2 : (5* and 
2:7. 

(ill.) The 8 sulphonie acid was rc[>laced hy 
the .')-Hu]jihoin> acid*in amounts varying from 
about 20 p.c. with H() p e. suljihnrie acid at 80" 
to about 4d p.c. with 00 p.c. acid at 120‘ duiiiig 
10 hours, but not tlie T)- \>y the 8-acul. 

Hovicwing those resnlis thi'y conclude that 
sulphonatum of j8 naplithylamine takes jilaee 
initially niid simultaneously ui the 8- and the 5- 
jmsitions, the juojiorlion being fixed fo7‘ any 
jiartieular teinjierature ; further, tliat with use 
of kunperaUireor by ]>roIonga1 ion of the reaction, 
the 8-sul[>hoiiic acid is hydrolysi'd regenerating 
/5*naphlhylaimne, which is resulphonated fur¬ 
nishing a mixture of the 8- and 5- stiljihonic 
acids as before, and so on. 

While Erdmann's view aecoiint.s for the 
phenomena observ'd in the above and in 
similar eases of sulplioriation, being based on 
the assumption that tlie introduction of a sul¬ 
phonic group, like that of other substituents, 
takes place mainly in a- and only to a small 
extent in /?- positions at whatever temperature 
it may be effected -the subsequent change in 
the proportion of the isomerides bf'iiig due to 
hydiolysis mainly of a-acid and resulplionation 
—it duos not furnisli a general ttieory of sul- 
plionaiion. For oxalnplc, it leaves une.x- 
idained : 

(fl) 1’ho transference of the SO;,11 radicle S 
to a /5-])o.sition umh‘r the mfluence of 30- -10 p.c. 
anhydrosulphurie acid at 13()"-180" in such 
casoe as the following : ^ 

s s 


(/:) 'fhe infrequency of sulphonation in 
contiguous ap- or positions and the fact 
that sulphonic acids m winch the SO,,H radicles 
occupy rclalivi'ly tJio 1 : 4- or the 1 : 8 positions, 
although obtainable by indirect methods (u p. 
421} have never been isolaUnl from or detected in 
a suI})hotmtion melt even w'heiion general grounds 
tlieir presence might have been anticipated. 

Sulplioriation in contiguous positions is 
knowm to occur only in live eases and in each 
1 it IS olTccted by the aid of 40 p.c. anhydro-acid 
at J3l)". ]<\»ur <4 tlie products are the 

i iui]>hthylamine- and fS-naphlholsuliihonic acids 
■ of the onenialion | R being NHj ^r GH]:— 

! s 


.sAAji 

w;,s 


sAAr 

«vV® 


,A,Anus 

o! I I 

\/V 


AAvu 

■ rI f 's * 


^ Until their nature and (he operative comlltiona 
are better understood, changes of this t>pe can be 
elassiflod only as intramoleeiilHr or isomeric. Apart 
from the many eases of ‘isomeric cliaiige ‘ among 
sulphonic aeids, two others arc snflleiently rom-arkabJe 
to merit reference, tnr the conversion of napiithalene- 
a-snlphohydroxHinlc acid thoR: 80o NH'OH into 
naphthuleuc-p-sulfiliinlc acid nnd of dinatihthalono-a- 
Bulpholvyilroxnmic acid (0,oHj SdjiaN'OH into the 
B-conq>ound hy dilute alk^i solutions at the ordinary 
temperature (Angeli, Angelico and Scurtl, Gazz. chlra. 
itai. 1903, 33 il. 296). 


in which the contiguity is found m positions, 
I and the iiftli is an a-naphthasnltarntrisulphomo 
, acid, in which it occurs cither in a ^j8- or in an 
i afS- position. 

La/rs of 8i(}M'liiii(m in the NaiildholcTie Snics. 

I Rcfcrcnci' has lieen made to the fact that 
! nionosuhslitutiou occurs mainly in the a- 
' position. Wlicii a second radicle enters tho 
' molceuJe it .nay do so in tho same ring as the 
I first—liomonucleally—or in the other ring— 

; heteroniieleally. As in tho case of benzene, it 
IS possible to indieato in general terms the 
directing influence of tho radicle already present 
j in the na))hthalene molecule on the position 
; taki'ii nj) hy tho entering substituent, but a 
I Comparison of tho laws of substitution deduced 
! for *1110 two series, benzene nnd naphthalene, 

I shov^ important difierences. Considorod only 
' with rc'fcrenee to the naplithalone derivatives 
' which find a place in tins articli: and to the 
I [iroducjion of disubstitution derivatives, the 
|,fo!lowing generalLsation can he made :— 

I Uomo7iiicknl /<n(>.\ldidton occurs m position 4, 

; or ill positions 2 and t— 

1 (i.) When (4, OJI, or NHAc • is already 

■ ])resent in the a- posiiitm ; 
but in position 1, or in positions 1 and 4— 

(ii.) When OH or NHAc is already present 
; in the /3- jiosikon. 

; Hcfcnmnckal suhMiiution occurs in position 
^ 5, or in positions 5 and 8— 

! (i.) When NOa or SOgll is already present 

in either tho a- or the jS- position. 

(ii.) Wlien Cl or NHj is already present in 
tho po.silion, 

, 'I'lie position t.aken initially by the entering 
j substituent in the ring is also the final position, 

; except in the case of sulphonation in which, if 

I * Eeference to o-naplithylamine derivatives wiJi 
' show that a summary of the directing Intluence of the 
I NHj, radicle In a-compouods cannot easily be made. 
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tho conditions are favourable, ^-sulphonio acids ; 
may replace tho a-sulphonio acids first produced I 
(V. p.413). 

Although the orientation of trisubstitution i 
derivatives cannot be predicted with any ^eat i 
approach to accuracy from a knowledge of the ! 
constitution of the di-derivative employed, yet j 
from the facts accunmlaU'd about nitration and ; 
Bulphonation, two deductions can be drawn :— 

(i.) The non-oxistence in tho sulplionation 
melt of derivatives in which SOall groups 
occupy relatively the 1 : 2 -,' 1 :4-, or 1 : 8 -! 
positions, has its rounUT 2 )art in the rare occur¬ 
rence of nilro- compounds (loutainiiigNOa groups 
relatively in tho 1 : 2- or 1 :4- ]>ositiony. Tho 
analogy does not oxtond to the 1 : 8 - positions, ; 
many 1 : 8 - dinitro- derivatives lieing known. 

(ii.) Tho inhibition of 1 : 2-(lisulphonati<)n 
and largely of 1 : 2 - dinitration extends to tlie 
Bulphonation of nitro- compounds, and to the 
nitration of sulphonio acids. No case is known 
in which a NOg and a 8 O 3 U group occupy 
relatively tho J : 2- or the 2 • 1- positions. 

As an illustration of the effect of thesi! 
restrictions on tho orientation <d miration jiro- 
ducts, the constitution of tho following sub¬ 
stances, said to bo tho only dinilration ]>ro(liu ts 
of naj>lithalene-2 : li- and 2 : 7-disulj)lionic acids, ' 
and of I : 8 -dinitronaphtlmlono, may be quoted ; 


formed, many of the products aijse from reactions 
ajJplicable only to the one series or the other, 
but not to both. For example, among tho 
well-known ortho- condensation })roduei 8 , anhy¬ 
drides of tho following types obtained with pen'- 
derivatives arc not represented : 


o-so, 

HN-SO, 

O.CO 

AA 

1 1 

AA 

AA 

w 

v'\/' 

l/'v 

Sultonc. 

Sultiun. 

« 

Lactone. 


The Bisulphite Reaction. 
a-Nitr()na|>hthaloiic, on reduction in an acid 
inediiini, fiirnislu's a-nujihtliylaimne. Piria 
found that wlien aipicmis alcoholic ammonium 
sulpliiU' IS onqiloycd the jiroducts are a-nai)h- 
thylaminc-siilphaimc (thioiiaplithaniic) and 4- 
suiphonic acids ^Aniialen, 78, 31). For 

more than forty years this discovery roinaincd 
an isolated fact, although tho interest attaching 
to the reaction is considorablo, as tho conversion 
of a iiajihthyliimiiu' into tin* 4-Hiilphoni(* acid by 
the usual method nspures both coucentrak:d aul- 
liliunc aeid and a high ternpeiaturo. 

From tho jiatcnts of J''ischc.sser (U. R.-P. 
7b438: 7!t>77), it is evident that tho method is 
of restricted aj)i)hcation, but can be used for the 


0,.N NOg 

AA 

S ' 

^vv 


0,N 

AAf:; 

V'v 

NO, 


OaNNOa 

AA 


ProprrUefi jn'culiai lo 1 : .I- ((nd 1 : 8 - Dcrii'dliw-'i. 

While the projierties of the 1 :2- an<l 1 : 4- 
derivatives of nafihthalene resemble, in the 
mam, those of the corrosi>onding ortho- and 
para- derivatives of lienzenc, tliere is no 8U<‘h 
agroonicnt betwi'cn the projierties (»f 1 :3- 
derivatives in tho two senes. F<tr this reason 
the use of the prefix 7Hrta- for na|)lilhaIonc 
eonipounds of this orientation is apt to bo mis¬ 
leading. Moreover, from the jxmit of view of 
substitution, it is evident (i>. sujna) that tho 
5- and 8 - iiositioiis, more nearly than the 3- 
position, in naphthalene have tlio function# of 
the meta- position iii benzene. • 

As examjdes of proj^crtiea peculiar to di- 
(and tri-) derivatives of naphthalene containing 
the radicles OH, NHg, or SO 3 H relatively in the 
1 :3 positions, reference may be made to the, 
conversion of a-naphthol- or a-naphthylamino- 
3 -sulphonic acid * into 1 : S-diammtuiaphthalcne 
by interaction with ammonia, anti into o-toluie 
acid by fusion with caustic potash. 

NHa OH 

AA AA -s. .Aco-oh 

Turning to 1 : 8 - or peri- derivatives, certain 
of these furnish internal condensation jiroducts, 
e,g. naphthalic anhydride, recalling tho be¬ 
haviour of some 1 : 2 - or ortho- derivatives under 
similar conditions. But, as condensation in 
each of these positions is dependtmt on the 
possibility of a 5- or G- mcm^'red ring being 

^ NaphthasuUarotrlaulphoiilc acid (q.v.) Is a possible 
exceptloQ. 

* The ^-napbthol- and 0-i]iaphthylamiDe-4-BUiphonic 
adds yield the toloic acid but not the diamine. 


I simultaneous rtMhictum and sulphonation of 
' a-mtronaphthalonc-U : H-disulphomc acid, and of 
1 : 5-dinitro- i>r [cf. Ilbchst, 1). R.-P. 21533H) of 
, 1 ; 8-dinitro-naj)hllialene by the aid of sodium 
r bisulphite floJiiiion. Further, a-nitronaphthal- 
em* with a large cncicsh of bisulphite yields not 
■ Piria'a coiufiounda, but a-iiaj)hthylamine-2 : 4- 
disulpbonic acid ^ (Hoclist, T>. B.-P. 112082). 

I In none these cases is tho nitrogen atom 
eliminated from the molecule as the result of 
tho infcraclhm wiMi bisulpliik’, but in tho last 
, lYcordcd appli(;atioii of the proci'ss—conversion 
of I : 8-dinitronafdithnI(“iic-3 : li-disulphonic acid 
into 1-amino-8-mijihthol-3 : 6-disuIphonic acid 
; (Bayer, f). R.-P. 113044; e/. Buchcrer, J. pr. 
Chem. 1904, [ii ] 70.349)- rcfdacoment of a NOg 
! (orNllo)group byOd was obai*rvod,and a new 
field for investigation ofiencd 11 j). 

Slightly earlier in date than this patent of 
: Bayer & (>)., is one in which it is shown that 
the conversion of ammo- into hydroxy- deri¬ 
vatives in the naphthalene senes can be achieved 
: under the influence of sodium bisuliihito solution 
j in ojicn vessel.s at tho boiling-point (Bayer, 

I J). R.-P. 109102).* With /?-naphthylamine do- 
I rivatives, unless a large excess of bisuljjhite is 
I used (Badisclic, 1). R.-I*. 1.34401 ; cf. Buoherer 
1 and .Stohmann, J. ]»r. Chem. 190.7,111.] 71, 43G), 

! condensation to jg^'-fima^ihUiyhiminc deri- 
; vatives occurs (Bayer, I). R.-P. 121094). 

I The clue to those results was supplied by 

* Buchcrer (.7. pr Chem fii.] 150, .50) makes tho 

! Inkresting staU-ment tha( ocejvHlouHlly a small 

quantity of a-iiaplithol-4-siilphonh; acid is formed In 
till? reaetlon. 

Two nltroso coniiKiiind", o-nitroso-^-naphthol and 
0 -nitro.so-a-iifipljthoi. also undergo this type of change 
with sodium hlsulj)lilte solution, furulsh'iig the corre¬ 
sponding ainmonaphtliolstilphoidc acids (Bdnlger, • 
Bcr. 1894, 27. 23) 

* Thi.s discovery is now credited te Lepotlt (qf. 
Friedliinder, Bcr. 1921, i>4, 620), but tha application 
of tiie reaction to tho production of amino- and aryl- 
amino-napliiiialcne derivatives and Its detailed stnay, 
Including the recognition of ita reversible nature, is 
due to Bucherer. 
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Bucherer’s discovery that in this reaction a \ its technical importance being therefore evident, 
highly soluble infermediate compound is formed, I .But it is subject to restrictiems; for example, it 
which, although stable towards acids, is dccom- ^ docs not succeed with a- derivatives in which 
potjed by alkalis with the production of ammonia ' a substituent is present in the 2- or .3- position, 
andthenaphthol.^ TbiMnt<Tmediaie compound or with ^8- derivatives in which a substituent is 
was considered to be an ester, ideiitifted as a- or present in the 4- p(»8ition, such as the acids ; 


^•naphthyl sulphite (’j^H^’O'SO^Na (Badischc, 
J). K.-P. 12()KU)) as it docs imt couple with 
. diuzotised bases, can Ik^ oblaiufd from tlic eone- 
sponding naphthol by inUnaction with Itisulphitc 
(iiadischc, J). Jt.-l’. ll/53Ur>), and rcgonerali'S the 
naphthyiamine by interaction with ummonia, 
the yield of ^ rmplith 3 'lamine from ^-najditliol 
being almost quantitative (Ha<liNclie, l>. K P. 
117471 ; Buclaner, .1. |»i. t'liein. l!K)4. |u.| tit), 
88). By the use of iiictliylaminr, amhrie or : 
their lioimilogucfa in place oi amiiioiiia, alkylated 
a- and naphllivJammeH {Ihidisclie, 1). H.-j\ 
1210811) and aryJated najilitliyJamines (Had- 
iHchc, l). H.-J’ J22.77(t) can ohtamed.- 
Jn till' jaitcnt literature and in tiic pajiers 
published by HuchcriT (d. |ir. Clicni. JtH)4, jii.] 
tip. 47; 70,‘;{4r); JP05, [ii.| 71, 4;i:i), tlic f<.)low- 
ing convenient. I'Njiression for the bisulphite-, 
reaction is given, winch shows clearly the 
reversible natun* of the cliange — 


4l'jsali)liltc 

kn!;- K(is().,i[ 

- +Nllll,li. 


I alkali 



H lijsulnlutc 


R-Oll 


KH, 

NH, 

s 

AA^i 

AA ■ 

' ‘ i 

< 

< 

'vv 

«VV'‘' 

vv 



s 

altiuuigli it takes plac-e ca.sily 

w’ltli acids in winch 

th<‘Sf' rcs]»i“ctive 

positu^ns lire iu)t occupied : 

N NH^ 

H 


A A 

^'Anji, 

A^nh, 

vV 

Vv 

^vv*^ 


S 


Hiicli(!ivr's view of tin- nature of llio inter- 
nu-diiitc product tiirows no light- on the cause of 
tlicse restrictions. It, liowevcr, it be assumed 
that ili(“ n-action piocei-ds not by the iormalKui 
of a sulphite- ester from the stable naphtbol (cnol) 
but of an additivi' bisuljdiiti- product from tlio 
iautoincric kctodiliydronaphtlialene (kctorio) 

HO SO.Na 

OH O \ - 


R being a napbtliyl radicle and R,R,^ liydrogen, 
alkyl, or (for fi- eom}iounds only) aryl radicles. 

Jn ]>rn<*ticc, if a liydi<»\y- comjiound is to be 
])repan'd, tlie corresponding amnio- derivative 
is digi'sied with e\(i-ss of 40 p.c. sodium bisul- 
phiU' solution iisuhII.v at HO" 00* until a test 
shows the reaction to lx- eomph-te, tlie jiroduct 
boiled with caustic alkali solntjon to <‘\pel 
ammonia, and then acidilieil to remove snl- 
jihurous aci<i. If, on the other lian<l. tlic reverse 
jiroce.ss IS to b<' followed, tlu-n the hyilrox}- 
coin])ound is digested with e\c(‘ss of 20 40 p.c. 
Hinmonium sulplntf- solution and 20 j> c. am¬ 
monia in ail Huto(‘la\c proMiled with a stirrer at 
100* until <-on\{-rsion is comj)l(-tc, and the 
pnxluet afU-rwarrls aciditictl. 

With tlie i-xccjition of d('rivati\ t-s of aodiliy- 
droxy* and wi-dianuno l>enzi‘ne the bisulphite 
reaction is confined to the iiaiihtludene st-ries. 
and is dojiendcni on the use of a large cxeesa 
{3-5 uiols.) of the reagent. It is np]ili<-able if) 
diammonaplithalenc, aniinfuiajjlithol and dihy- 
drox 3 'na])hfl)alene di-rivatives as woll as to tin- 
nnphthylamines and naphlhols, 

NHs XHj OH 



A A 

! A 

AA 

vv 

^ vv 

^ vv 

H,N 

HO 

HO 


^ This process ditfers essentially from that In 
which the i-xchaii«e ol >1112 for Oil is elfeeted at luiili 
teji»p(*rature.s muler the niHiicmr ol wiitcr fir niim-r.i) 
acids (cf. however, Pnm/cii mul Kempf. Her O.M7, .'iP, 
Kll). 1'ho end profliicts oj Uie two reactions arc 
usually tlio same, but flilfcrcnoes Wlwt-cn tJiein are 
not unknown, e y. a-naplilh>Iamnjc-4-sii(phonu; aci<l 
is converted almost (jiiantltativelj liy the bisulphite 
method into «-naplitliol-4-8ulpluiuic acid, but b> the 
acid methwi into a-naphlliol. 

® With pheiij Itiydrazlne, the reaction proceeds 
dlOercntly loading to the formation of 1 : 2 -pheno- 
carbazoJe-N-stUphonic adds aa chief prodiicta (Bucherer 
and Seyde, J. pr. Olieiu. 1908. (ii.] 7", 403; D. K.-l* 
208090). 



^ 

(■II Vti> / CHj 

Cll , L CH [, 'i cil 

(' ' ' \c: ■■ 

H II H 


(h(“ marked reactivity tf)W'ards primary amines 
will accord w'lth expcctatloii and the restrictions 
admit of explanation on stcn<; grouiul.s {cf. 
Voroslicov. Clicni Soc. Abstr. initi. IJI). i. 2tki; 
(‘hem. Zeiitr. IbH), 11, 25((: Priedlandcr, Chem 
Zed ibid, 4(1, pit); Ber lb2J. 54, 020; Kbnig 
atul JlaJler, J. ])r. Chem. 1P20, [ii. | 101, 4.3). 

Many inten-.sting apjihoatioiis of tlie reaction 
arc to Ik* found in the literature, fnun which 
two ma.y bo takf'ii by way of dlustration ; 

{'/) \ H-Diamnionajditbalcne ^-siilidionic acid 
will furni.sh «*illier liie 4- or the 5-sulplionie acid 
of I-anijnf)-S-naphthol according as the process 
is conducted in the presence or absenficof acetone 
(Badische. I). R.-R. 120010) 

. HO Mlj IlgN NH, H,N OH 

A A A A A A 

• i ! ' ■«- , I I - 

vv vv vV 

K S S 

{h) 'Fwo formula* arc possible for the ammo* 
mqihtholsnlpluciic acid, and two for the dihy- 
droxyiiaiihthalenesulphonic acid obtained re- 
K|M*ctively by fusing )3-naphthyhimiiie- and 
^-luiphtliol-d: S-di.sulphonic n<;ids with caustic 
potasli. 'I’liat these acids have the formula) I 
ami II, and not the alternative formulse 

HO HO HO 

S 


IS tsiablishod by the fact that they can also be 


A/^oh ^ AA(j 
■’VV™**" 

^dgrotio acid II 
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formed from nigrotic acid by digestion with 
ammonium sulphite and with sodium bisulphite 
solutions respectively. Carbon dioxide is elimin¬ 
ated in botli cases, and formula I follows from 
what is known of the restrictive etfoct exercised 
by the SO 3 H group on the reactivity of the OH 
radicle to which it stands relatively in the 3- 
position in the saiue nucleus {liuclierer and 
Seyde, J. pr. Chcni. 11K)7, [ii.) 75, 254). 

OlAZo- ANO AZO- (.'OMPOUNDS. 

Without exception, diazotised bases coU])l(‘ 
honionucloally with najdiihols, naphthylanunes, 
aminona])btbolH or their sulphonic aeids.^ 
Stated in general terms, a-hydroxy- and 
a-aniino-iiaptithalene derivatives couple in the 
4- or fumi- position (I), as is the case with bcnziuic 
derivatives, but wln-ri this position is occupied 
by a radicle other than hydrogen, also eoujile 
readily 111 Iho 2- or orf/io- position (II) relatively 
to the Oil or NIfj group, lii the ^-tenes of 
compounds, there being no fiam- position avail¬ 
able, coujiling 111 variably taki‘s jilaeo in tlic 
orlho' position relatively to the Oil or Nll^ 
group, but with tins limitation tJiat the entering 
diay.o- grou]> assumes the 1- })ositioii (III) to tlie 
e.xclusion of the 3- posit ion, although both the 
1 : 2- and the (1: 2- positions are contiguous an<l 
to that (‘\tcnt (^oni]iar!il>le with the 
poHition in tlie henzciu* moleenk'. It is obvious, 
therefore, that tlie 3- position, ui (lomparison 

^ The fojIowiiiK (rivial ii.niirs an- «ufn to sul|)lioin<- 
aCKlK (•iiii>lo,Vfil III tlif iiiaiiuiadurc oi a/o-ilics — 
yap/it/iidanniie'^iil/ilmiir (trid'i • .SOjIl] 
ft; -1] Nfiplilliiomr jli. (>| Proiincr 
11:5] Laurent- 12 • 71 F-aml 

(1 Ml S or Seliollkfiitl [2 . y| Itadiselie 
Nnphlh)i(amitiHdisulphonic acids [ivlifo : SO^II • 
SOgU! 

11: : M) «-(lisul]tlio 

(1: 1. M) Disulpho S 


with the 1- position, is passive in this type of 
ehemical change: 

OH OH N,R 

Vv vv vv 

I II 111 

To this generalisation there are exceptions 
among amino- and hydroxy-uajihihalonesulph- 
oiuc acids of i:crt^iu conligurutions, of which 
two may be noted : 

( 1 .) a-Naphthylaiuine- or a-naphthol-sulph- 
omc acids of the formula*: 

MU (or OH) Nil, (or Oil) 

AA “ A/\ 

' ' '« 


VV 


VV 

s 


2 3 : 0) Anuiio-R 
2:3.7] JJisul|i)i() F 
2:4 8] liHiilpho t; 
2 . (). »1 Amilio-G 
yapJiUiDhaliihdini-luid-^ |(lli :S<)3ltI 
(1:4) Nevile iV Wiiitlar |2 0) Mctiatler 
I ; r»j L-aciil (2 7) l'’-ii('i(l 

jl :M|S-a(']d [2.8] Croceic-at 1(1 

yaphtlwldmilidnunc and'< [OH . 80,K 80 _,IJ| 


11:3 H] l>iMill>h(( 1C 
[1. 4 : 8j Dihuljilio. S 


2 . • Ii 

2 3.7 
2.4 . H 
<) . « 


Jt-a<i(l 

F-ai'iil 

G-aci(l 

G-iici«l 


Aininovav^dholsnliilKinic iftd^ Oil StViIl] 

1-5:71 M-aci<l [2 • 3 . <i| Il-aeid 

I ; 7 ;3i n-acld |2 . 5 ; 7 J-acul 

] . 8.41 S-Ul'id |2 7:.3 F-acid 

1:8:61 H-njoriosiilplio. [2:8:6 (f-acid 
I-: 8 ■> V-unil* 

AnunonuiihUi(ddimt}diouic andK | N IT,' OH : SO 3 H ? 
SOglli 

1: 8 : 2 : 4] K-acid 11 : 8 • 4 • 6] K-ncid 

1 . 8 . (2): ?j L-acid [1,8 (5). H i>-acid 

1: 8 • 3 : 51 H-acid 

1 :8 : 3 .«] H-add [ 2.8 3 : 0] 2R-add 
l)diydToxymphihalent!t<ulphoinc aculs |(.)U ; Oil : 
SO3H] 


[2:3-y K-and 
31 i'*acid 


i : 5 : 2 0-adtl 
1:7: .3 0-add 
1:8:3 (--acid 
,1:8:4 8-ucid 

JhJipdroxumpUUiaUnedumljfhonv: acids 1011 : Oil : 
80.H; 8 O 3 H} 

'1 : 3 ; 6 : 7 Yellow acid (Gdbsaurc) 

T : 5 : 3 : 7 Red acid (Itotsilure) 

1: 7 : 3 : 0 A-aoid 

1 : 8 : 2 : 4 S-acid [1. 8 : ? ■ ?J I-, G-, and R-acids 
1 : 8 : 3 : 6 K-acld [2 : 3 : 0 ; 8 ] li-add 
,1; 8 : 3 : 6 Uhromotropo acid 
fpOiydtortftutphlhalenecarboTylic acxtk (OH : OH ; 

; 7 : 0] S-JcM (2:6:311.-acKl 

CaA>odUtydrojrympWialene$ulph(/iik and [OH : OH ; 
COttH : 80,H »1 : 7 : 0.3] Niitrotic add. 

VoL. l\\-T. 


\ coiijile m the 2- position, although in none of 
them IS tiled- posii ion oerupied (Oatterrnanri and 
Schulze, Hit. 18!)7, 30, 50). This rule, however, 

' IS iii't always followed when tlu' diazotised base 
eojitams a negative suhstitiii'iit in tli<‘ orlho- or 
para- iio.silion. 'riiiis, dia/.rttiHcd //-nitraniiino 
couples With a-naj*lithyIy,mine-3-sulphoiiio acid 
in the 2- ]tositi<iii and with a-inijilithol-h-sul- 
])homc acid in th(5 4 position, but with a-naj»h- 
tlivliiminc-5- and anaphthol-ILKulphonie acids 
in both the 2- and the 4- positions (Gntterinann 
[ and LiebiTMiann, Annalen, 1012, 303, 200). 

I ( 11 .) /I Na))htliylaniiiie-8-Hulphonic acid and 
j its derivatives, like tin* 1- sul|jhonic acids, furnish 
! diazoammo- compounds instead of azo- deriva- 
I tives: 

1 S S 

j Vv vv 

I Othi'i- ca.se.s of deviation from the general rule 
; will be found among sul]>honic acids ol the 
I diaminonaphtlialene.s, amuionajilithol.s, and di- 
, hydroxynafihthaleries. 

(\)upled in the ortho- iiosilion, naphthyl- 
amines, naphthols and ilieir siilphonic acids 
furnish valuable dyestulls which are fast to soap, 
but in the pam- position, peculiar to a- com- 
jioumls, they give products which are almost 
: useless as dyes, changing colour as they do when 
brought in contact with acids and alkali.s. But 
while, in the ortho- aniino-azo-dycs, the ammo- 
group cannot be diazotised, the para- amino-azo- 
dyes are themselves readily diazotisable and 
find extensive use in the production of dyestuflu 
containing an additional azo- group. a-Naph- , 
thyiamine and certain of its sulphonic acids, 

' particularly the 6- and 7-8ulphoriic acids, are 
largely used as middle components, but the 
]3- derivatives only as end components in azo- 
dyestuff manufacture. 

The po.sition of the azo- group in azo- dy<‘« 
can be determined cither by reduction, eaj. 
with stannous chloride (Witt, Ber. 1888, 21, 
3471), or with sodium hypo- (‘ hydro- ’) sulphite 
(Grandmougin, Ber. 190(5, 39, 2494, 3501, 3929), 
whereby the base used for diazotisation and 
an ammo- derivative of the second compoaent 
are obtained; or by fission, with cold fuming 
I nitric acid (Schmidt, Ber. 1905, 38, 3202; cf. 

: Meldola and Hanes, Chem. 80 c. Trans. 1894, 

2 B 
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65, 841), wherel^ the diazo- compound used 
and a nitro-derivative of the second componertt 
are formed. I’ho former of these processes 
has found some application in tlio jjrepara- 
tion of aminonaphthalcne derivatives (r. Di- 
aminonafhlhaltnc- and aminoiuiphthol-sidphomc 
acids), f 

Dl&zo-oxides.—The fonnaiion of dm/.o- com¬ 
pounds by interaction of naplithyiamine- or 
aminonaphthol-Bulpiionic acids with nitrous acid 
proceeds normally excejit with :— 

(a) Na]>htliylamiiiesiilpht)nic acids contain¬ 
ing one SOgH group in the ortho- (1- or 2-) 
position r«?lativ»*Jv to the amino- radicle ; 

(h) 1:2* and 2 : l-aminoimjilithoJsuIjihoiiic 
acids or tlieir (^^•^ivatlveH,^ 

With respect to the first exception, it is 
found that’ when warmed with Holntions of 
alkali earbonali'H or acetates, to n*niovc fre(‘ 
mineral acid, dinzotiscd a- or ^-iiaj)lithylaiiiine- 
ort/iO'Sulplionic acids (Jitulischc, I). ; 

Eng. I*. tMilTiof 1902: I>. lt.-lMr>r)440; ]r)732r»; 
Eng. P. 27372 of 19(»3; J). ]{,-V l(i()r)3(>, ](i2009; 
Eng.P 4997;2lt53Hof 1904; Jfochst, 1>.P.Anm. 
E. 10803; Eng P. 23993 of 1902), also diazotiseil 
l-cliloro-f3-nuj)lithylaniinesu]])honic. acids {Ba- 
discho, 1). H.-P l4ri!K>0; 148882), and 2 : 4-(li- 
cb!oro-a-naphlhylamincsulphoinc acid (Badi- 
sche, 1) H.-P. 153298; Eng. P. 105)95 of 1903), 
furnish anhyorich's (di<izo tiXidc.'<) of hydroxydi- 
aKoiiapbthalenesulphonic acids, e.g. for /9- com- 


pounds. 



s 

0 - 

Cl 


aA-k. 

-V A^'^nh, 

vv 

\'V 

\''v 

8 

s 

s 


With regard to t)i<* second excejition. it is 
known that in the jnc^ence of fi<-o immTal acid, 
1:2- luid 2: l-aminona|iht)iol.'siilp}ionjc acids 
aw> not diazotiscd by nitrous ju-id (Witt, Bcr. 
1888, 21, 3475), but oxidised (o |^-]naphtba- 
quuioneHulithonic acids (Boiiiger, Ber. J85)4, 27, 
24; cf. Badische, D. R.-P 153298; Eng. P. 
10995 of 1903). When diazotisation is earned 
out in the absence of acids oIIut than acetic, 
oxalic, or tartaric {the nitrous acid required 
arising from tlio interaction of the dissolved 
aminonaphthol liydrochloride or -Hiiljihonic acid 
with nitrite) and wiUi ordinary dilution, diazo- 
oxides are formed (Weiler-ter-Meer, 1). R.-P. 
155083).* The yield, however, is not good, but 

* A» aiiotlier llhistnitioii of the cssnitial difitToiice 
betuci-n tlio configiioits liomoniiclcai afi- aud 
pcmltions (rf. p -tl?), II inaj bo noted that tin* di.iyoli'sa- 
non of 2-uiuuu)-r{-nai)litliol-b-suli)homc acid iircsents 
110 dllllciilly, ttie normal tyjie i)i diazo- compound 
iH-ing formed (llodist. I). K-1* fiiUiTC; Eiir P J5170 
of 1889; Cassflla, 1). Il.-P. I0l)d3l.'; Eng. P. 28107 of 
3897). 

• This difficulty has also been overcome without 
the formation of diazo-oxldes:— 

(1.) by e&terifjing the hydroxyl radicle by means 
either of acetic unh>dride ((JeselBvh. D. ll.-P 181714 ; 
Eng. P. 82 of 1905), or of tolucne-p-sulphonvl <-hlorKle 
(Aktienges., 3). R.-P. 193099; 190923), dlazottsatiou 
then proceeding nonnally; 

(li.) by using a suspension of the amlnonaphthol- 
Bulplioiilr acid in aliout 4 times its w'ight of 20 p c. 
acetic acid, the suspended and passing into solution as 
dtazotUatlon proceeds (Kullc, 1). ll.-P. 188045 ; 
390093); 

(111.) in the case of di- and tri-sulphonlc acids, by 
carrying out tlie diazotisation In highly dilute sulphurie 
acid solution (0‘5 mol.) at 0®-6“ (Kalle, D. ll.-P. 
184477). 


becomes almost quantitative in the presence of 
cupric or ferric salts (Geigy, B. R.-P. 171024 j 
Eng. P. 10235 of 1904; B. R -P. 172446), zinc 
snItMKalle.B.R.-P. 175593; 195228; Eng.P. 
23034 of 1905), nickel salts (Kallo, B. R.-P. 

I 178521), manganese, cobalt or magnesium salts 
i (Kalle, B. H-P. 195322), or mercuric salts 
■ (Kalle, 1). R.-P. 178930). But as these salts are 
' foiiiul to spoil the brightness and solubility of 
llic derived azo- dyes, tliey may with advantage 
be rejilnced by salts of the alkali or alkaline 
cartli metals (Badische, 1). R.-P. 189179; Eng. 
P. 10323 of 1900). 

'I’lic dia/.o- oxides form non-explosive, yellow, 
cry.statlinc jiowdors (Geigy, B. R.-P. 171024 ; 

! I'hig. B. J0235 of 1904); they can lie chlorinated 
I (Kallo, 1). R. ]'. 240573; 2405)74 ; Eng. P. 20072 ; 
'20073 of 1911); broininalcd (Sandoz, B. R.-l\ 
230050; Eng. V. 3508 of 1911); nitrated by 
! njtiosul|)hur!c acid witiiout decomposition 
l(Bcigy,,l). R.-B. 104055; Eng. B. 15418 of 
1904; Kalle, B. R.-P. 170019; Bindsch., 

I>. R.-J’. 20(5098); and sulplionated by anhydro- 
s'lljiliune acid (Kalle, 1). K.-P. I7001K; 170020). 
Prol)ji)ily as the ri'Siilt of their structure, their 
caiiacity for coupling 

Klla K:N- NjU 

A Aon 

V V V \-' vV 

,S K K 

(RfJ lieing tlic amine or plicnol with whicli 
coupling lias taken i>lae(0 is not pronouneod, 
cxcejtt-iof resorcinol (Badische, B. R.-P. 14HH8I); 
tho derived hydroxya'/o- dyes give fast bluish- 
black .shades on chromed wool .'e. p. 48H). 

TUTRAHYimUNAiniTUALENE BeIUVATIVE.S. 

On reduction in boiling amyl ulcoliol solution 
with sodium, the najilitJiylarmnes and niqihthols 
are converted into tetrahydro- derivatives, of 
wdiich two typos exist 

(1) 'J’hose termed ahcycUc (or ac.-) deriva¬ 
tives, in which both the substituent and the four 
added hydrogen atoms are in tlie same ring. 

(2) 'J’hoso termed, aromatic (or ar.-) deriva¬ 
tives, in which tlie substituent is in one and the 
four added hydrogen atoms are in the other ring. 

WithTi-riaplitliylamine and a-naphthoj, ‘aro¬ 
matic ’ derivatives are exclusively formed, 
but with j8-naphtbylaimne and ^-iiaphthol both 
; types are obtained, tlie ‘ alicyclic ’ compound 
forming about 95 p.e. of the priniuct: 


H, 

H, 


HjAAnh, 

1 ' 14 

VV ‘ 



H, 

(flc.-dcnvative.) 

(ar.-derivative.) 


The sjxjcific properties which distinguish 
j corresponding derivatives of naphthalene and 
j benzene are sujipressed in the tetrahydronaph- 
thalene derivatives, and, in connexion with the 
najihthalene theory, it may be noted that ‘ ali- 
cyclic ’ compounds display the characters of the 
secondary amines and alcohols of the aliphatic 
series, whereas ‘ aromatic ’ compounds snow a 
close analogy in properties with the o-xylidines 
and o-xylonols of the benzene series (Bam¬ 
berger, Annalen, 1890, 257, 1). For a detailed 
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account of tetrahydronaphthalene and its deri¬ 
vatives the article Tktrauh should be consulted. 

L Chloro-Derivatives. 

Iniioductory. —Naphthalene derivatives, in , 
which chlonne is associated with tho carbon 
atoms of the nucleus, are of kinds : additive 
compounds, c.g. naphthalene dichlorido and 
tetrachloride, and those in which substitution of 
chlorine for hydrogim has taken place, viz. tlie 
chloronaphthalenes. 

The formation of chloronaphthalenes can bo 
achieved hy the following methods : 

(1) From naphthalene or cliloroiiaphthal* 
enes by chlorination (r/. Faust and 8aaine, , 
Aunalon, 1871, JGO, G5; E. Fischer, Ik*r. J878, 1 
11, 735; Widman, Ber. 1882, 15, 2ir)0; Arm- ! 
strong and Wynne, (’horn. Soc. Froc. 1890, 0, ' 
85; Badische, 1). R.-P. 234912). 


acids, the 4:7- and a second dieulphonic acid, 
and the 2:4: l-tHsvlphmic acid. Digestion 
with 20 p.c. caustic soda solution at 300®, or 
better with 30 p.c methyl alcoholic potash at 
210®, converts it into a-mpkt/iol. Nitration 
furnishes mainly A-chloro-a-mlromph*haknc. 

Dlchloronaphtbaienes. A mixture of 1:4. 
and I : 5-dichloronaphtlialone8 is obtained when 
na})lithalene, with a earner (ferrio chloride, 
iodine, Ac.), is chlorinated in carbon tetra¬ 
chloride solution at —10'’ to 0®; tho product 
contains small amfuints of tho I ;2- and 1 : 7- 
derivative's, which can lio removed as sulphonio 
acids by stirring with .suljdiuric acid for 20 hours 
in tlio colrl (Badische, D. K.-P. 234912). Tho 
mixture of the 1 :4- and 1 : 5- Lsorneridos can 
also he separated by sulplionation with mono- 
hydrate (12 pts.) in the cold, as of tJio two 
products, sodium J : 4-dichloronaphthaleno-(>- 
Hulphonate is luuch h-ss soluble in brino than 


(2) From anunonaphthalenes by diuzotisa- 1:5-ilKliloronaphthalene-3-suIphonate{Badi8cho, 
lion and the iSandnu'yer reaction {rj. Frieil- J). R.-P. 229912). 

lander and Szynianski, Ror. 1892, 25, 2081; 1 :4-l-)ichlororiaj)hthalcne, in 70 p.c. 

Chattaway and Lewis, Chom. Soi;. Trans. 1894, yield and almost jiure, is formed by heating 
G5, 877). najihthalenc (0 [its.) with Lliionyl chloride (13 


(3) From iiitro-, amino-, or liydroxy-naph- [its.) during 8 10 hours at J40'-J(K)® (Hoelist, 
thalenesiilphomcacids by cuiivi'rsion into chloro I). R.-P. 28<)489; Miiyer, Monaish. 1915, 3(), 
naphtlmloriosulphonic acids and subsequent 728). On nitration it*yK‘lds 5:8-dn’./d«ro-a- 
hydroly.sis [rf. Ch've, Ber. 1802, 25, 2487). uitromphUiolfiic (Widman, Bull. 8oc. chun. 1877, 


(4) From najilithaleiiesiilphonyl, or chloro- [u.|28, 500). 

naphthalcnesulphonyl cliloridcs, by heating ; Ptrchloronapldhalou.’ (\oC)k is formed by 
them either with phospliorus jientachloride {i f. exhaustive chlorination of naphthalene, finally 
(/anus, Annalen, 1880, 114, 145; Armstrong, i in tho presence of antimony trichloride (Berthe- 
Ber. 1882, 15, 205), or alone (c/. Armstrong aaid ; lot and Juiigfleisch, Bull. Soc. chim. 1888, (ii.) 
Wynne, (.'hem. 8oc. Prue. 1895, 11, 80, 83; 9, 448). It crystallises in long needles, ni.j). 
1807, 13, 152). j 203®, is moderaU'ly soluble m benzene or light 

(5) From lutronaphthalone (do Koniiick and ; petroleum, and when heated with 70 p.c. 
Marquart, Ber. 1872, 5, 11), and from iiitro- anhydro-a(ud at GO® is converted into a red 
naphthuleiicsuljilionyJ chlorides (Erdmann and dyestuff of unknown composition (Badische, 
Suvern, Annalen, 1803,275,232, 252) by distilia- , 1). R.-P. 88811). 

tion With pho.sjihorus [leiitachlondc. Naphthalene tetrachloride ('^14^(34 is formed 

Allusion has beim made to tiie complete togetluT with oily imjiurities containing, accord- 
8erie.s of mono-, di- and tri-chlorouaphthalenes ing to the conditions employed, varying quanti- 
aiid to their use as reference compounds (p. 412). tics of na[)hthalene dichloridc, a-cliloronaph* 
With the exception of a-chloronaiihthaleno and ; thalcnc tetrachloride and a dKdloroiiajihthalene 
1 :4-dichloronuphthal(’iie which are chcajily ^ bdrachlonde, by the action either of chlorine 
produccKl, these substances are valueless for (t'aiist and Saamo, Annalen, 1871, 180, 67) or 
technical purposes. * • of potassium chlorate and hydrochloric acid 

Aa 8ourcc.s of naphthol or naphthylaniiTie de- (E. Fiacbor, Ber. 1878, 11, 735) on naphthalene, 
rivativea certain of the a-chlorunaphthaleno- , According to Leeds and Everhart (.T. Amer. 
aulphomc acids, viz. the 4- and .5- mono-, tho Ohcin. 8oc. 1880, 2, 208), the beat yield (45 p.c.) 
4:7-di- and tho 2:4:7tri- sulphoiyc acids is obtained by leaving naphthalene in thin 
(the last most readily) or 4-chloro- a-nitronapli^ layers in an atmosphere of chlorine until ab- 
thalene can be uaod, as in them tho halogen can , sorjition is complete. Extraction of tho product 
lie exchanged for OH or NHg by digestion--with ; with light petroleum, to reiuovi} dichlonde, and 
caustic alkali or ammonia respectively. i with alcohol, leaves the tetrachloride in a pure 

Cl a-Chloronaphthalene is obtained when state. It crystallises from chloroform in large • 
A/\ chlorine is passed into boiling naphthalene rhombohedra, in.p. 182®. 

[ 1 I in the presence of ferric chloride (Oehler, UeacUonM .—On oxidation at JOO® with 8*7 

VV D. P. Anm. 0. 1921) unti4 the calculated times its weight of nitric acid (sp-gr. 1'45), it 
increase in weight has been attained ; or when yields 2 : Z-dic}iloro-[a.-'] napfUluKjuivcw (Holbig, 
naphthalene dichloride is decomposed by heat Ber. 1895, 28, 505), or, boiled with ten times its 
or by alcoholic potash (Faust and Saame, weight, phihalic acid (Fischer, l.c.); but with 
Annalen, 1871, 180, 08; Armstrong and chromic acid at 90® it gives 3:4-dirWoro-a- 
Wynne, Chem. Soc. Proc. 1890, 6, 85); or, naphthol (lielbig, l.c.). Nitration with fuming 
free from other chloro-derivatives, when diazo- acid (sp.gr. 1 ’6) converts it into a resinous 
tised a-naphthylamine hydrochloride is warmed nilrojMphihaltnc telrachhnde, from wliich 5 : 8- 
with hydrochloric acid {(lasiorowski and Wayss, ; dichloro-a-nitranaphtfuilene is readily obtained 
Ber. 1885,18,1940), or cuprous chloride solution, i (Matter, D.R.-P. 317755). Nitronaphthalene 
It boils at 264®, and has sp.gr. 1 *2026 at 15". : dicliloride, formed by nitration of naphthalene 

Reactions .—On sulphonation, it yields a- ’ dichloridc, furnishes S-chloro-a-nitronaphthalene 
cMoronaphihcdent'A-, 5-, 6-, and l-fmnosvlphoTUc : (Matter, l.c.). 
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a-CHLOIlONAFHCHALENESUL?HONlC AciDS. 

Introductory. —a-Chloronaplithalenesulphonio 
acids can be obtained by three methods : 

(1) From the corresponding a-naphthylam* 
inesulphonie acids {q.v.) by dnuotisation und 
interaction with cuprous chloride solulioii. 'J'his 
affords theVasiest way of making tiie chlorona])h- 
fhalenesuljihonic acids descnheil in this scclion, 
which comprise only such products as are obtain¬ 
able by one or both of the following processes. 

(2) From a-chlor(»naphlhalcno by sulphoiiii- 

tion, the. jiroducts with sulphiiiic acid Isung 
Buccessively tlie 4-, the 5-, and a mixture of tlie 
fi- and 7-nionosulphonic aeids as the tenipcrn- 
ture is raised gradually to ami llu' 

4 : 7- (possibly also tlie 2 : 7-) disulplionic acid 
at 

(3) From sodium naphthalenc-a- or ^ sul- 
phonate by chlorination. 

When jirepared by the lasV two iiielhods, 
tliesc acids can be used for the jiroduction of 
a-JittphMiylanunesul])hoJuc acids, but tlio process 
lias no tecluneal iniportanee. 

(i.) a-Chloronaphthalene 4 sulphonic acid is 

tlio eiuef jiroduct when a-eiiloiona]»ht}ialene is 
HulphonaUid with i-lihjfoHuljdionic aeid in Die 
eold (Armstrong and JV'ynm*, ('hem. Sor 1‘roc. 
ISmi, (i, »()). 

JcU'ntiJiration.- The6«rtM'»i salt, liaA.j l 2il^O, 
forms Hjianngly soluhtc hexagonal plati's, and 
the pot(us/n)(m salt, KA, rluunlmt jirisms, 'The 
cliloridi-, tnelinic ])nsmK, m.p. tih" {(uiudi. m ]). 
187"'; <•/. (’leve, Her. 1887, 20, 73) i.s eonvertiblo 
into i :-i-dichloroiuiftlitfuili nc. 

ItvmtionJi.-- Dige.stion with 2.7 ]i.e. (auslic 
Soda solution at 220‘ eonv<“rts it into u-vojJilhol- 
4-/iulphomc itndy and willi 27 p.e. aininonui 
solution at 200 ' into a-n(iji/illiyl<nninc-4-sulplni)n<‘ 
(icid. 

(il) a-Chloronaphthalene-5-suiphonic acid, 
formed in small (juunlity vi hen a-cliloronajihth.d- 
en© IS siiljihoimtcd >Mtli ehlorosulplionic acid 
in the eoJil, hectunes the chief ]>roduet when the 
eulphonutiou mixture is heated at 150” (Arm¬ 
strong and Wynne, t'heni. Soc. Proc. 181K), (>, 
87). It can he obtained by (ddonnatmg sodium 
naphthalene-a-sulphouate witli a mixture of 
sodium olilorute and liydroehlonc acid (Rudolph, 
D. R..1". 103983; Eng. P. 19088 of 1898). 

Identijivntkni.— Thv barium salt. HaA2+i420, i 
in a sparingly soluble, mierocryslalliiw powiler ; , 
the ]H)Uustainn salt, KA, foiins neeiUi's. and lla^ 
sodium salt, NaA, scales. The chlondr, large 
irlsins, m.p. 95^ {(miub, m.p. 220 '; cf. Cleve, 
,c.) is convertible into 1 : T*-dichlownnphthah ne. 

llmctiom .—Digestion with 8 }).e. caustic soda 
solution at 250^ converts it into a-M\ph(hol-b- 
eujptiomc acid, and with 25 p.c. ammonia solution 
at 210“^ into a-naphthijlayrunc-^-snlphonic acid. 

(iii.) a Chloronapbthalene-O-sulphonic acid, 
mixed with the 7-sul})honie acid, is formed wdieii 
a-chloronaphthalene is heated with 1-1*5 times 
its weightof sulphuric acid at l(i0'^-170” for many 
hours (Oehler, D. K.-P. 70390); or when a 
solution of sodium naphthalene-)9-8ulphonate is 
chlorinated by means of chlorine or of sodium 
chlorate and hydrochloric acid (Rudolph, 
D. R.-P. 101349 Eng. P. 19088 of 1898). hy 
fractional crystallisation its calcium, barium, 
or sodium salt can be separated from the more 
soluble salt of the 7-sidphonie acid. 

Identification, —Thehuniim salt, RaAj+H.20, 


a crystalline powder and the potassium salt, KA, 
thin scales, dissolve only sparingly in cold water. 
The chloride, scales, m.p. 114^^-115" {amide, m.p. 
210"'; cf. Cleve, l.c.) is convertible into 1 ; 0- 
dichlorotuip/dhalew 

(iv.) a Chloronapbthalene • 7 - sulphonic acid 

(v. G-Hulj>}i<»nic acid) gives an easily soluble 
bariufft salt, RaAj \ 311 scales, and potassium 
salt, KA-l-H^D, needles, its chlonde, large 
crystals, m.]>. 9D [avude, m.p. 181‘* ; cf. Cleve, 
Her. 1892, 27, 2480) is convertible into 1 : 7« 
dicldorouaphfltnli lie. 

(v.) a - Chloronaphthalene • 4 • 0 - disulphonic 
acid isffirmcd wIh'U sodium a-chloroiiaphthalene- 
O-sulplioiiatc IS heated with 10 p c. anhydro-acid 
at no (Kudoipli, D. K -J*. JO4902). iischtoridc, 
small needles, m.p. 120'-127 ’, is convertible 
into ] :4 ■Ai-triefdoruiinjil/lhalene. (Armstrong and 
Wynne, Chem. 8oe. Pioe. 1890, 0, 120). 

Jicoeltoii .— l)ig<‘stn>n with caustic soda solu¬ 
tion at 230'^ converts it into J ; (\-difit/drori/- 
naphlhtihneA-sidphouie aad. 

(vi.) a - Chloronaphthalene 1*7- disulplionic 
acid i.s obtained wlien a-ehloionuplithalene i.s 
Hu!|ihonale(l w'ltli 45 [».e. uniiydio-acid at 20', 
or with sulpliiiric acul at 180” ^ (Ocliler, 1). R.-P. 
74744); oi when sodium a-cliioioiiaj)htlialene- 
4-suiplionale is suljilionuted with 20 ji.c. aiihydro- 
aeid at 20^ (Oehler, /.(.), or at lOO” (Armstrong 
and Wynne'. Chem. Soe. Proc. 1890, 0, 18). 
'Phe chlouih, prisms, in.|). 107 ', is eonvin'lible 
into 1.4- *)-truld irunaphilKdiaii (Armstrong and 
Wynne, /.<.). 

liiu'lioii. Dc/estion with 30 p e. caustic 
soda solution at 2(.K.)-210 ' coiucits it into a- 
I nupldhol-A : 1 di.sidphomc m id. 

(\ii.\ a - Chloronaphthalene - 2 : 4 : 7 -trisuI- 
phonic acid is the chii f product of th<- sulphona- 
lion of a-cliloronaphlhaleiie w ilh 17 j).c. auhydro- 
■ acid at 80'', or of sodium a cldoronaphthaleiie-4- 
.sulj)lioiial<* witJi 20 pc. aniiydro-acid at 170"“ 
(Oehler, D. R.-P. 70230). 

Idcntifieatioii .—Its .sodta/a salt Na,A-j-4H20 
forms small neialles {(.ichler, l.c.), an^l it.s chloride. 
scalc.s, m p. 215"' (Armstrong and Wynne, Chem. 

, 8oc. Proc 1890, 0, 120). 

Reaction - Digestion with 12 p.c. caustic 
soda, .solution at 170 ’ converts it into a-naphthol- 
2 ; 4 ? 1-iuxulphonic acid. 


11 . KAl’lI'I'HALKNESUIil’HONIC ACIDS. 

hdroduciou!.-- NaplithaleiH'sulphonic acids 
can,ho olitaiuod hy the following inethod.s : 

(1) Action of sulphuric acki on iiaphthaleno 
or on naphtlialenesuljilioiiic acids. 

(2) Elimination of the NHg radicle from 
najdithylaminesulphonic acids {cf. the 1 ; 3* 
disulphonic acvl)* 

(3) Exchange of the amino-group of naph- 
thylaimnesulphonie acids for the SH or 8 O 3 H 
radicle, and oxidation of the n^sultmg mercaptan 
or sulphmie acid (cf. Die 1 :2-d)8ulphonic acid). 

Of those methods the lirst is of technical 
importance and by it ten iiaphthalenesulphonic 
acids (two mono-, four di-, three tri-, and on© 
tetra-) have been obtained. As sulphonating 

^ A second acui, possibly the 2:7-i8omeride 
yleldmB an a-naj>hihiMxs\Uph<m\c atip when (ligeBtecl 
with 30 p.c. caust ic soda solution at 200", is also formed 
undt'r tlieso conditions, but no details are given by 
which it can be Ideutitted (Oehler, l.e). 
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agent ^ sulphuric acid, monohydrato or anhydro- ; The following table indicates the constitution 
acid (oleum) is almost invariably employed. | of the acids obtained from naplithalone or from 
Chlorosulphonic acid is sometimes convenient ‘ naphthalenesulphonio acids by sulphonation; 
on the laboratory scale, but for technical it also shows, by the use of vertical arrowheads, 
purposes its use, or the use of anhydro-neid to j the change in constitution which accompanies 
which common salt has been added, is disadvan- ! a rise in temperature of the reaction from 0*^ to 
tageous (as is also the salting out of a ])roduct i about 170^ The restriction of thc.munber of 
by the addition of common salt to a suljihonation naphthalenesulphonic acids obtained by sul- 
molt), owing to the desInictiN'c effect of hydro- phonatioii to ten seems to 1)0 connected with 
(chloric acid, the by-product, on the metal of the the iact that in no case has a product been 
containing vessel, or the [iress cloths of the isolated from the su)|)honation irndt containing 
filter press. two sulphonic grftups in positions relatively 

Attention h.-is Ixx'ii called to the fact that 1 :2- {(»(ho-). 1 :4- [piro-) or I ; 8- (pen-) to one 
sulphuric acid, unlike other hubstituiing agents, j another. Later invc'stigation may account for 
gives rise to /if-derivatives in ainnunts ilepending i the existence of this limiting factor; it cannot 
on the temperature an<l duration of tlie reaction | be due to instability of tln'se configurations except 
as well as on the quantity and concentralion of i under eon<htions obtaining in the sulphonation 
the acid (r. p. -IJ4). If tlie conditions leading I melt, as iiajilitlialonc-di-. tn-and tetra-sulphonio 
to the production of jmphtlia)ene-/?-sulplionK! I acids, in winch siilplioinc groups occiijiy re- 
acid or of naphtJjal('ne-2 : <)- or 2 : 7-disuJplionic ! spi'ctividy thev^e relative positions, have lieon 
aci<l, for exainiilo, are eonsidiTcd. they show , pn'pared hy the third general method from 
that of the four lact-ors named the coiurenlration ' naphthyiatmiK-sulphonic acids and are W'e.ll- 
and temperature ol lh(' acid exercisi' a jue- \ deliiied conipnun<ls. 

pondeiatmg influence tiMhderimmng the relative j The najihthahoicsulphonic aeids arc strong 
jiositious whu'li the SO,,11 railtelcs will have i acids ; they di-eoinjiose common salt, and those 
assumed at the end of a sulidionation. wlin h eontain 1,wo or more sulphomc groups 



fuinish by this deisunpoMUoii aeid salts.* Like 
their alkali salts they are easily soluhle in water, 
but the h'ad. f>anum, and calcium salts difliT 
much in solubility, and in some easei%alford a 
means of separating the eonstituent.s of •! 
eulphonatuui melt Troiu the alkali salts, 
crystalline chloridi's. amides, and anilides with 
definite melting-jioints, which serve to charac¬ 
terise the acids, can l)o prepared, and from the 
chlorides by distilialion with phosphorus 
pentachlorido chloronaphthalenes wliich servo 
to fix their constitution. • 

For the purjmso of determining the constit¬ 
uents of a sulphonation molt the sparingly 
soluble a* and ^-naphtliylamme salts of naph- 
thaiene-1 : 5-, I : G-, 2 ; G- and 2 : 7-disulphonie 
acids have been projiosed, as certain of them 
differ sufficiently in solubility in water or in 

^ In this article, ‘sulphuric acid,’ when not oiber- 
wlse distluifulshed, is ordinary eoneentrntod (al)oiit 
98 p.c.) sulphuric acid of sp gr. r846; ‘ monohydrate ' 
Is 100 p.c. BUlphiiric acid ; and ‘ anhydro-acld ’ Is 
fuming sulphuric acid or ‘ oleum ’ containing dissolved 
sulphur tnoxide, the proportion of which Is given 
when known. 


acetone to admit of qualitative recognition 
(Ambler, d. Ind. Kng. Chem. 1G20, 20, 1081, 
1104 ; Ambler and Wherry, ibid. lOHG). 

The industrial value of the naphthalene- 
Hulphonie acids arises from the readiness with 
which they undergo change in directions such 
as the following : the loas of sulphonic groups, 
the exchange of thi'se groups for radicles such 
as hydroxyl or cyanogen and the formation 
substitution derivatives such as chloro- ornitro- 
naphthalenesulphonie aiuds. 

Elimination of sulphonic groups may be 
achieved either by hytlrolysis with phosphoric 
or snljdiuriu aeid and superheated steam, or 
with (liiubaJ mad uiuli'r fircHsure, or by the aid 
of sodium amalgam in the cold. In general, 
sulphonic groufw in a-posilions are more easily 
eliminated than those in )3-poftitionB (Fried- 
lander and Lucht. Bor. 1893, 2G, 3028). 

Exchange of sulphonic groups for hydroxyl 
radicles is effected by fusion of the alkali sadt 
with caustic alkali, or by digestion with caustic 
alkali solution under pressure. The reaction 
■ takes place more readily with a- than with 
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sulphonic groups.^ Should the naphtholaul- whether obtained by the use ol sulphuric acid 
phonic acid produced contain a sulphonic group* at 40*^, or of anhydro-acid in the cold (Landshoff, 
in the 3-poBition relatively to the hydroxyl, 1). B.-P./>0411) or of chlorosulphonic acid added 
further change may occur, and hydroxytoluic to a solution of the hydrocarbon in carbon 
acids or wi-cresola (from w-hydroxytoluic acids) ' disulphide (Armstrong and Wynne, Chem. Soc. 
bo formed ; I Proc. 1886, 2, 231). In the light of Euwes’ 

g , on 0 ^ 1 results (f. p. 413) these low-teinperaturo pro- 

A A A A A A I ducts doubtless contained )3-acid, but in quantity 

1 I I ^ ^ ^1 { I relatively so small as to escape recognition by 

Sly/wiS SwwS IlOwwOH the methods of detection then available. 

. . A] ore recently, the question of monosulphona* 

_^ ^ tiou has been re-examined, but tho re.sults, 

llOv X'lla ]](), ,(111;, nlthougli of much interest, do not affect sub- 
V J stuntiaDy llie conclusion just indicated. Pierz 

With telrnzodiplicnyl or diazotised ^)-nitran- Wei.sscnl)a< h show that when naphthalene 

iline, naphthalene-mono- and dl-sul|»h<)nic acids sulplmnated at O'" with twice its weight of 
form salts of only amoderal.*degree of stability.' .sulphuric aeid, /?-acid is formed to the extent 
in marked contrast with thorn is the acid salt, ^f at Ieasl2 p.e. (Hciv. ('him. Acta, 1020, 3,314), 


N(>A^6ll4‘N2'.SO.,*r,oir: J .Nu 803*('.,„H, l-llaO 
obtained from naphthaleno-^-irilphonic acid ; 
and diazotiseil p-iutranilinc, wliich is iion- 
explosive, can ho transported in tho dry state, 
and under th<‘ name I'aranil A i.s largely used as 
a develojicr in paia-red dyeing (Whit, J). P.-l". 
2G426H; Eng. (’. 1J20U ohl)l3). 

For teehnieal pnrp (*808 tho acids are valuable 
as Bomoefl of the najihthols, of several najihthol- , 
sulphonic acids and of shveral nilronaplithalcno- 
sulphonic acids, these nitro-aculs furnishing by 
reduction naj)htiiylamineHuli>honic, aiids isomeric 
with those obtained from the naphthylanmics 
by eulphonation. 

The action of sulphuric acid on najihtliahuie 
leads also to the formation of sinaU quautilies 
of two dinaphthvlsuli»h(mes— the a/}'- melting at 
123", and the 8^^- at 177° (Stonhouse and (Iroves, 
Bor. 1870, 9, 682; Hofmann. Bor. 1884, 17, 
1921 ; Krafft, Ber. 185M), 23. 2364) 

Synthetic tanning inatenats {e.q. Nerndol 
N.T).) are obtained either by conden.sing form- 
aldeiiyde wdth the mixed acid.s formed by the 
monosulplionation of naphthalene at 1.30°-140” 
or by healing the condensation product of 
naphthalene and formaldehvde {cf. Badischc, 
D. B -P. 207743 ; Eng. V. (5831 of 1909) with 
sulphuric a^nd at 80° until soluble (Badisehe, 
D. R.-P. 290965, 290966, 292531). 


and W’ltl, whose jiaper includes an historical 
review <4 tho subji'ct, cortlirma Euwes' state¬ 
ment of the (’oinpo«ition of the jiroduot at 161" 
(/.r.) by finding that at 165° the two acids arc 
jiresent in the melt in the ratio of 85 pts. of ^- 
aeid to 15 pts. of a-acid (Ber. 1915, 48, 754). 

8 (j.) Naphthalene-a-sulphonic acid (s?//- 

AA V^iondphl/uihc acid) ('j^His ob- 
I ; I tamed by stirring finely powdered naphthal- 
\/V 1'5-2 times its weight of sulphuric 

acid at 40'''-'5O° until dissolved, the temperature 
' being raised to 70 ’ towards tho luid of the ojicra- 
! tion. (!are must Ik; taken that the ves.sel is free 
I from crystals of tho a-sulpiionic acid from a 
jircviou.s ojKTation, otherwise tJie mixture may 
solidify before siilphonation is eom[*lete. The 
; jiroduct, jiourcil into a large bulk of w'ater and 
spjiarated in tin; cold fron, unattacked 
naphthalene, is neutralised with lime and 
converted into sodium salt (Landshoff, /.c.). 
Or the sodium salt may be scfiarated by adding 
eoinmou .salt to the melt dilu0‘d with only a. 
small volume of water. 

Jf the jiurc acid is reijuircd, siilphonation 
may l>c carried out at 0" with monohydratc 
; (2 Jits.), and tlie separation obtained by adding 
I a crystal of tho a-aoid to the melt may l>e freed 
I from unchanged naphthalene by dissolution in 
j water. From the filtrate, concentrated at 35° 
under, 20 mni. to a density of 1 •29-1'3, the 


NAPHTHALENEMONOaTTLI’HONTC AciDS. 
/n/rodwcfnri/.-—According to the conditions 
employed, naphthalene on sulphonation with ; 
about its own weight of sulphuric acid yields a 
product ooiiiainmg varying proportions of a- 
and jS-monosuli>hoiuc aculs and a sTimll quantity 
of at least one disulphonic acid. Alerz and 
Weith state that a mixture of naphthalene and 
'oulphuric acid in the jiroportion of 10 : 9 gave n 
product containing 8(( p.c. of a-acid and 20 p.c. j 
of )3-acid when heated for 3 hours at 100°, but i 
only 26 p.c. of a-acid with 75 p.c. of fi-oeid 
when heated for a f urt her 4 hours at 170°, 15 p.c. 


a-aeid' separates as a crystalline mass, which 
can be further jiurified by fractional precipita¬ 
tion from a highly eoneentrafed solution by 
hydrogei^ehlonde (Fierz and WewBenbach, / c.). 

, Idciifijication.- -Tha acid, HA-f' 2 H 20 , forms 
small, easily soluble, non-deliquescent crystals, 
m.p. which cdnnot be dehydrated without 
decomposition; the salts dissolve easily in 
water and crystallise in Bcalcs. 


Composition of^salt 
(Mtrz, Zeit Cluun. 1808, 
(ii ] 4, 394.) 


} part of the salt dissolves in 

parts of watciipartaofSSp.o. 
at 10° .alcohol at 10°. 


of tho naphthalene being recovered in the first -- ---— 

cas© and 25 p.c. in tho second. Also, that n i, , i*. i iij /\ lo /„+ loo inf iio\ 

mixture in tte proportion r, : 4 heated for 8 1 otassnim salt+JH,0 13 (at U ) 108 (at 11 ) 
houraatlW)«gavo80p.o. of j3-acid,30 p.c. of I*" 

the naphthalene employed being recovered »* 07 n 

(Ber 1870,3,195). At tem[)oraturcB below tho »» -f-dlljU ii 

melting-point of naphthalene the monosulphona-_^_ 

tion product is said to bo solely the u-aoid. , , 

* Of. Becker, I). E.-P. 81039, 86367, 89998; Fab. ’ 1909, 28, 303, 304), who aaslRns 2n,0 to the a-salt 
rrod Chlm. de Thaaii,», E.-P, 92237,94280; Badlsclui. | and to the p-salt a soliibUlty In water only about ono- 
B. E.-P. 263431 ; Bug. P. 2037 at 1912. ' halt that given by Men. 


i 108 (at 11“ 
I 19-6 
350 
! 11 




NAPHTHALENE, 


423 


The ammonium salt,* NH4A, and the ztnc, 
cobalt, fUchd, copper and co^mtwm salts, each 
with 6HgO, have also been described (Fierz and 
Weissenbach, l.c.). The cMonde forms scales, 
m.p. 07® (Erdmann, Annalen, 1893, 275, 235), 
and the amide minute crystals, m.p. 150® 
(Maikopar, Zeit. Chfm. 1809, [ii.] 5, 711). 

Reactions. —By sulphonation with anhydro- 
acid in the cold, a mixture of the 1 : 5- and 
1 : (S-dis%dphonic acids is obtained. Fusion with 
caustic alkali converts it into a-nnphthol 
Nitration furnishes mainly a-mlrofuiphthaleiu’- 
H-sulphomr acid. 

(11.) Naphthalene /^-sulphonic acid is ob¬ 
tained by adding suljihunc aciid gradually to an 
equal weight of naphthalene heated at 100', the 
mixture lieing stirred at this tiuiijierature during 
3 hours, tlien at 170” during an liour, and 
iinally at 180® for another hour. Tlie product 
is convcrk'd into sodium salt either by neutrali- 
satiijnwith linio after dilution, followed by treat¬ 
ment of the tiltraie with sodium earboiiale, or 
by salting out- witli common Halt, or sodium 
sulphate, or {cf. t^hlmann, 1). H.-l\ 229.737) 
crude sodium sulphite. 'J'ho sodium salt ol the 
a-acid, iMung the, more soluble, remains m the 
mother liquor. Other ways ot separating the 
fi-acid or its sodium salt have been projiosed 
by Boulton (Eng. 1*. 4459 of 1894), l)enni«, who 
suggests extraction of the ^-acid from the melt 
by means of toluene (But. 1*. 109709), and 
Southcombe and Downie (Brit. B. 120405). 

To obtain the pure acid, 250 grams of 
naphthalene are kept at 100® W’hile 4(M) grams 
of 93'7 p.c. sulphuric acid are stirred in during 
15 minutes. Five minutes later the melt is 
poured into 300 c.c. of water, and from this 
solution tlie )S;aeid (mixed w’ltli about 1 yi.e. 
of siilpliono) scqiarates in the cold as a crystailmc 
mass, being salted out by tlie a-aeid jirc'seut. 'J’his 
/8-acid.purifi<‘d by dissolving 000 grams in 300 c.c. 
of w'ater at 70", and adding 100 (•.<•. of hydro- 
(ihloric acid (d. 1‘19), .sejiarates as tlie trihydrate , 
in luatwms scales (\Vitt, Bor. 1915, 48, 755). 

IdcnUfication.— Tho arid, IIA-I-SHbO, forms 
non-deliqueseerit scales, m.p. 83®, from which i 
the nionohydrate, m.p. 124®, and tho anhydrous | 
substance, m.p. 91", wliicli is soluble in tohieiK^, ; 
can be obtained (Witt, /.<.). The saltsoryakilhso 
in small scales, and, exei'pt those of the alkali 
metals, are only sparingly soluble in cold water. 

1 part of the salt dllsolveil Ip 
Composition of salt - - - 



i 

at 10® 

alcohol Ul' 

Potassium salt-j-illaO' 

15 

116 

Calcium 

„ anhy- : 



drous . 

76 

437 

Barium 

„ +h,6 

290 • 

1950 

Lead 

+H,0^ 

1151 

305 


Tho sodium salt, NoA, dissolves in 1C*5 parts 
of water at 23*9® (E. Fischer, Ber. 1900, 39, 
4144) *; the ammonium salt, NH 4 A, and the 

^ See footnote * on p. 422. 

* Accordim? to Cooke, the solubility of tho sodium 
salt 1& water is : at 25®, 6*58 g.; 30^, 6‘24 g.; 40®, 
7*98 g.; 50®. 9-75 g.: 65®, 14*6 g. in 100 g. of solution, 
but If sodium chloride 01 sulphate bo present In soiii- 
tion to the extent of about 10 g. In 100 g. it is reduced 
practically to rero (J. Soc. Chem. Ind. 1921, 40, 50T, 
2391). 


I zinc, cobalt, nickel, copper ai^d cadmium salts, 
I dich with OHgO, have also been described 
(Witt, l.c.). The ferrous salt FeA^-f blljO forms 
i large glistening plates, sparingly soluble in cold, 
i readily in hot water (Ambler, J. Jnd. Eng. 
i Chem. 1920,12,1083). The chloride forms scales, 
I m p. 78° (E. Fischer and Bergell, Beip 1902, 35, 
3780) and tho amide sparingly .soluble scales, 
m p. 213^ ((3cve, Bull. Soc ohim. 1870, lii.l 25, 
258). 

Reactions .—On sulphonation, it yields 
initially the I : 0- and at UK> '-]70° a mixture 
of the 2 : b- and 2 : l-di'ndphomc acuU. Fusion 
With oausliu alkali c<iuverts it into ^■miphlhol. 
Nitration furui.sh('s a mixture of a-uHronaph- 
thakHc-i\- and I sidphonic acids in equal amount. 

N.\i’iiTii\i.KNKi»istrLruoNio Acids. 

Jiifrodiaiori/. -'[’ho four nnphthalenodisnl- 
phonic acid.s obtained by sulphonation are the 
1 ; 5-, 1 ; b-, 2 ; <)-, ami 2 : 7- i.someriiloK, and 
are all hetoroniicleal. 'I’lie order in which these 
acids make their ajipeaniiice mi the Huiphonation 
I melt as tho tiuiiperature rises i.s clear ho far as tho 
, 1 ; 5- and 1 . b- <-ompounds are concerned, the 
' former being tirst, but there is le.ss agreement 
wli<‘tlier tho 2 : 7- prci'ede^’ the 2 : b- isoruorido 
, allliougli tho halance ot evidence seems to favour 
! this view. 

! (i.) Naphthalene-1 :2-disulphonlc acid is 

I formed from a-naplithylamine-2-8iili)hoiiic acid 
i by conversion either into tho tliionaphthob 
i sulphonic acid (Bayer, 1). U.-B. 7029b ; Eng P. 

I n4b5 of 1892 ; Arm.strong and Wyimo, Chem. 

I Soc. Broe. 1893. 9, lb8) or into the sulpliinic acid 
1 {(lattermnnij, Bit. 1899,32, I I5b), and oxidation 
! of these compounds by potassium permanganate 
I in alkaline solution. 

; Jdcntijication.— Tho potassium salt (d-fHjO) 
forma very soluble flat j*risms, and yields not a 
: chlorid(‘ but an anhydn^' (prisma, m.p. 198®) by 
interaction with phosphorus pentachloride (Arm¬ 
strong and Wynne, he.). 

(ii.) Naphthalene ) : 3-disulphonlc acid is ob- 
taiiK'd from S-naphthylamine-b : 8-disulphonic 
acid or /?'naphthylamme-5 ; 7-di8uIphonio acid 
by boiling the corresponding hydrazine with 
ctqiper sulphate solution (Armstrong and Wynne, 
Chem. Soc. Proo 1890, b, 13, 129), or from a- 
naphthylannne-2 : 4-disulphonic acid by boiling 
its diazo- compound with alcohol (Hoohst, 
D. R.-P. 92082). 

Identi fication .—The barium salt, BaA-f dHjO, 
polasnum salt, K 2 A-h 2 H 20 , and the sodium ^It 
are crystalline and very soluble in water. Tho 
chloride forms easily soluble prisms, m.p. 137®, 
convertible into 1 : Z-dicMoronaphthalene (Arm¬ 
strong and Wynne, l.c.). 

Rraciiom .—Fusion with caustic soda con¬ 
verts it into a-naphthol-H sidphonie acid, 'but 
digestion with 00 p.c. caustic soda solution at 
25()'’-30O° gives o-toluic arid (Kalle, I). R.-P. 
79028; cf. Friedlander and Riidt, Ber. 1896, 29, 
1011). 

(tii.) Naphthalene-1 : 4-dlsulphonic acid is 
obtained from a naphthyIamine-4-8ulphonio acid 
as described under tho 1; 2- acid {cf. also Bayer, 
D. R.-P. 95830; Eng P. 20130 of 1896). 

Identification .—The jjotasaium, K jA+1 ^H^O, 
and sodium salts are crystalline and easily soluble. 
The chloride forms four-sided plates, m.p. 16^® 
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(Armstrong and Wynne, Chem. Soc. Proc. 1893, ! 
9,] 68). j 

Jirc^rtton. —By nitration it is converted into 
a-fiitronaphth/ikne-i^ : H-disvlphonic acid. 

(iv.) Naphthalene ! : G dlsulphonic aeid (so- 
called Armfilrong'H acid; Mphtfiakn€’\y-\di/<ul- 
phonic acid of Armstrong and Wynne; nnph- 
ihflcn.c-\h-\dmilph<>iiic and of Jioilsteni, Schultz, 
&e.) is formed together with tin' 1 : 6-disul- 
phonic aeid when 23 j».e. anhydro-acuJ is added 
gradually to oiH'-lilth its weight of imphthaiene 
in the (;old (AKtienges.. I >. 4r>776 ; Kng. 1*. 

462/) of J888). If four limes the weight of 30 ji.e. 
aiihy<lro- aenl he used, and the ]>roduet poured 
into 3 4 ]iarls *)f water, a (pmntitative W]iaralion 
of th(‘ 1 : o-disiilphonie aeid is f)bta]ne(h Or, as 
aeid sodniin salt, the 1 : r)-disul])ho]uc acid can 
h(“ se])aiHled from the 1,; (bisomeride by adding 
c{»ninion salt to the sulpluuiation pioduct 
(Lwer and Pick, 1). V. Anm. 2610). It is 
also obtained by the action of sulphuric anby- 
<lndc or of ehlorosul])honie acid in calculated 
ijuantity on najihtlmleni' (Armstrong ami 
Wynne, Chem. Soc. IToe. 18H(i. 2, 231 ; 1887. 
3, 42) 

J'Hpatali(»i.- Dry sodium najtbtlmlenc-a- 
inonosulplionate is stirred into twice its woiglit 
of anbydro-acid at 20'", and tlie mixture after¬ 
wards heated for an lumr at 60" 76 '. 'I’o the 
product, diluted with tim tmu“s its weight of 
water, an ecpial volume of liot brine is added, 
and the ueid sodium salt, which sejiarates as 
the solution cools, is jairificd by reerystallisation 
(Schultz, Chemie d. Sli'inkohlmitli.. 3r(l ed.. 1, 
189: cf. FnedlandcT and Kielhasinski, Her. 
1896, 29, 2574). 

Jdmtificatu))}.' 'flic tuid eryslallisi's in xery 
Hohihle lustrous, Mhite, iion-iiygroseo]>u Males. 
'J'ho had salt, IMiA43lloO. harniin .salt, 
BaAd 41LO, and calcmvi salt, ('aA431i_,(), aie 
easily soluble' in water, but when deliydraled 
dissolve only very slowly in it. d'he ‘jmtasMitiii 
salt, K»A-| 2H2(), in seule.s, dis,s()lve.s in 8-04 
jiarts of water at 12^^; Xha .sadivtii salt (I 2Il2<0* 
in scales, dissolves in 7 99 jmrts of water at 10" 
(Ewer and I’lek, J). ll.-l*. 41934). The cliloridr 
forms needles or small prism.s, m.p. 183", con¬ 
vertible into I : ri-dicfiloronapJifhalcnc (Arm¬ 
strong, Ber. 1882, 15. 205). 

Beaefionif.—On sulphonation, it yields the 
1:3: 5-/rj.s<//p^07i./f and. Fusion with caustic 
soda converts it into a-fi(tphihoI-^-sulphomc and 
and I : 5-dihi/dro.n/v(iplilhalnic. Nitration fur¬ 
nishes both a-nitro- and ^■vilro-rutpldhnlcnc-i : 8- 
dmdphonic and and eventually 1 : G-di?nlro- 
miphthaicnc-4 : S-dimlphomc acid. 

(v.) Naphthalene-1:0-disulphonic acid {anph^ 
thulcnc-ly ldif^vljdionH' acid of l^edstein and of 
Schultz) is formed together with naphthalene- 
1 :6-disulphonic acid (g.v.) when naphthalene is 
sulphonatcd with 23 p.(*. anhydro-aoid in the 
cold. It also occurs in the jiroduet formed when 
naphthalene is Iieatcd vith 5 times its weight of 
sulphuric acid at lOO'^ for 4 liours (Armstrong, 
Bcr. 1882,15,204). Alternatively it is obtained 
when naphthalene is heated with 5 times its 
weight of monohydrate at 00'^-ll()°, or witli 
sulphuric acid at 90®, and subsequently with 
strong anhydro-acid at I10®-120® (Badisehe, 
D. P. Anm. B. 9514; cf. Benithson, Bcr. 1889, 
22, 3328 ; Schultz, Ber. 1890, 23, 77). 

Preparation.—Dry sodium naphthalene-j8- 


sulphonale is sulphonated^with twice its weight 
of 25 p.c. anhydro-acid at the temperature of a 
water bath, and the product either mixed with 
half its volume of water, whereby in the cold 
most of the disulphonab* separates as acid 
sodium salt, or is converted into sodium salt 
in the usual way. In the latter case, by con¬ 
centration of the solution to a relatively small 
! bulk, the very soluble sodium salt separates in 
charHcteristie needles (Ewer and Pick, D. R.-P. 
45229). A jiiire juodiiet is also obtained when 
an exee.ss of ehIoro.sulj>lion]C aeid is emjiloycd 
instead of anhydro-aeid in the cold (Armstrong 
and Wynne*, Cliem. »Soe. Proe ]S8<>, 2, 231; 
188!b 5,‘ 10). 

/dnitfjiralion.- I’he had salt, IdiA-f 3JH2t), 
haniitn salt, BaAiAIl^D, and calcnim salt, 
CaA I 41121), readily soluble in v ater; the 
■}H>lassimii salt. K 2 A | 113), disHolves 111 3*4 parts 
and tilt' sodiuvi salt., Na^A | 71100, m 3’34 parts 
I of watc'i* at 16'5' . 'J’iie (.hlonde forms small 
j jirisniatie aggregatixs, m.]). 129 convertible into 

1 . iS-dt(ldin<nmpldhah‘ii.(‘ (Ann.stnnig and Wynne, 
(‘hem. ,Soe. JVoe. l88ti. 2, 232 ; 1S88, 4, 106). 

JkaciioHK. — On siil])honatjon, it yields the 
' \: i\-lrt^nl})ho>iic and. l'’u.sion with caustic 
' soda converts it into 1 . Vy-dt/iifdro.ri/iKiphih<ilau\ 
Nitration furnishes mainly avdroaaphthahrie- 

3 . ‘^■dMilphriiH and, with ^-nitwnaphihalene.- 

4 • l-d/.nilphainr and as minor pifiriuct, and 
event imlly 1 :{\-diii.ilroiia]di1lialcuc-‘\ .'i-dimlphon- 
If and. 

\ (vi.) Naphthalene ) : 7-disulphonic acid can 

b(* obtaiiK'd from a-mijihtln lamiiio-4 : 6-disul- 
plionir acid by boiling tlii' corresponding liydra- 
zinc witli copper sulpiiate sobitioii (ArniKtrtmg 
and WyniK'. ('lit'm. Soc. jboc. 1890, 6, 126). 

Jdralijiialinu.- 'I'bt' '}H)ta'..niipi salt (-f-HjO) 
JK inicrocrystalline. I’bt* (fdoridt- forms scales, 
m.p. I22’5'’', (’(tiivertiblr into 1 : 'l-dichhro- 
najthlhalcnc (Arm.sirong and Wynnr*, /.(*.). 

(vn.) Naphthalene-I : 8-disulphonic acid is 
ftiriued fitini a-naj)htliy]aniine-8-sulphonic acid 
by o.xidalion of the corn!.s£)<n)dmg thioimphthol, 
as de.seribed under the 1 :2-acid (Bayer, l.c. ; 
Armstrong and Wynne, l.c,). 

JdnUiJicaiioii. —Tlit* pota.‘isium salt (-f-HjO) 
form? s]ianngly solublo four-sided scales, and 
yields'not a chlondt', but an anhydride (sparingly 
Bolubk* prisms, m p. 227®) by interaction with 
pliospliorus jx'ntachloritlo (Armstrong and 
Wynne, ,bc.). 

• (viii.) Naphthalene-2; 6-disulpbonic acid ([)3-J 

noph/halc‘)iedif<idphonic and of EJx'rt and Merz). 
For fiirmation and preparation, v. naphthalene- 

2 : 7-disulphonic aeid. 

Idi'uitfiratwn .—The and forms small, de¬ 
liquescent sealc.s, extremely soluble in water. 
The normal salts (e. 2 : 7-acid) contain less water 
of crystallisation, crystallise less readily, and 
are less soluble than the corresponding salts of 
the 2 : 7-aeid ; the lead, barnim, and calcium 
salts of the 2 : 0-acid are characterised, more¬ 
over, by the slowness with which they again 
dissolve when once separated from solution. 
'J'he chloride forms small needles, m.p. 226* 
(Ebert and Merz, Ber. 1876, 9, 598), convertible 
into 2 : ij-dichhrunaphthalcne (Cleve, Bull. Soc. 
clum. 1876, (ii.] 26,244 ; Armstrong and Wynne, 
Chem. Soc. Proc. 1890,6,127). 

Beacliona. —On sulphonation it yields the 
1:3; 1-triaulphonic acid. Fusion with caustic 
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alkali converts it into ^-wipJuhol-^’Sulphomc acid 
and, finally, 2 : 'b-dihydroxymphihaUne.. Nitra¬ 
tion furnishes a-nUro- and 1 : 5-dtn\tro-mph- 
thahnc-2 >: 1-disulphonic acida. 

(ix.) Naphthalene-2 : T-dlsulphonic acid ([a ] 
naphthalenedisulphomc arid), according to Ebert 
and Merz, is obtained, together with about an 
equal amount of the 2 : (i-acid, when a mixture 
of 1 jiart of na))hthalene and 5 jiarts of suljdiuric 
acid is heated nt JfiO ' 4 hours ; wlien heated 

at 180^ for 24 }ii)urs, however, tlie same nuxture 
gives a product consisting almost entirely of tlio 
2 : (i-aejd. Pure 2 : 7-aeid, also, js eonvertt'd 
inti) the 2 ; d-aeid by prolonged hoaiirig with 
sulphuric acid at 180'-’ (Per. 187(5, 1), 05)5). 
Armstrong, however, found that the protluct 
formed by heating the mixture at 180' fori 
24 hours, cfmtams a smaller jiroportion of the 
2 : H-acid than .stated by Ebert and .\lcrz ; that- ; 
a third acid, subsisjuently n'cognised as tlio | 
1 : G-disulphonIc acid, i.s |»rcsent. ui the l(50'\ 
melt; and that BuJjilmnation nt JU)' leads to i 
the formation of a product differing gn'atly j 
from that obtained at 1(50^ owing, no doubt, 
to tlio presence of an increaM'd pro])ortion of the j 

1 : (i-aeid aiul almost caitirc ahsiuiee of the 

2 : (•-isoiiKTidi' {rf. Her. 1882, 15. 20-1). 

Pri})nr<ilion.-{]) Naphthalene is heated 
with 5 times its weight of suljilmric acid at KiO'" 
for 5 hours, and the jiroduct converted into 
ealcium salt in the usual way. Th(‘ sejiaralion 
of the isomeric disul]>honic. acids can he based on 
the v'ery slight solubility in wati'r of the ealcium 
2 : O-disulpiionate, after it has l>een deliydrab'd 
at 200^-280 ’ (Ebert and IVlcrz, l.c. ; cf. Ereiind, 
1). K.-]^ 27:i4(5; Eng. P. 1()(51) of 188:1). Alter¬ 
natively, .nJ vantage may be taken of thedilforeneo 
in solubility of the calcium salts of the 2 : (5-, 

2 : 7-, and 1 : 0 acids in eoneentrated brine, as 
the salt of the 2 • (i-acnl is jiraetiealJy insoluble 
in hot and cold, the salt of the 2 : 7-acid moder¬ 
ately soluble in hot but only very s])aringiy 
.soluble in cold, and the salt of the 1 : (i-and 
fairly readily soluble in cold brine (Landshoff, 
D. K.-P. 48053). : 

(2) Two methods, in neither of whicli is 
reference made to the occurrence of J : G-acid 
in tlio suljihonation product, have been desejibed 
by Baum for the jirodiution and s(“paration of 
the 2 : G- and 2 : 7-acids ( I). 11.-P. (>1730) ;— 

(a) Sodium naphthaknc-^S-Rulphonato (2:i0 
kilos.) IS stirred into monohydrate (500 kilos.) 
or sulphuric acid (GOO kilos.) kept at IG0'-170"'* 
and afterwards heated at 180' for G-8 hours. 
The product, after dilution with water,,and 
conversion into cak niin salt, is concentrated 
until tho solution contains about 30 p.c. of the 
salt and then allowed to cool. By this moans 
the greater part of the salt of tho 2 : G-acid 
(52 kilos.) is separated. The filtrate, converted 
into sodium salt, is evaj)orated to dryness, and 
the salt of the 2 : 7-a( id (200 kilos.) extracted 
by twice its weight of warm water, the solution 
being allowed to cool to 20'’ before filtration. 
The residue (80 kilos.) is a mixture of the sodium i 
salts of the 2 : G- and 2 ; 7- acids, which may be 
worked up with the mixed sodium salt of a ' 
subsequent operation. ; 

(5) Potassium pyrosulphate (300 kilos.) is ' 
dissolved in fused naphthalcne-)3-8u]phonic acid j 
(250 kilos.) at I()0°'-1G5®, and the solution mixed | 
•with monohydrate (120 kilos.) also heated at! 


j By conversion of,the product into 

1 potassium salt in the usual way and coucentra* 

, tion of the solution to a small bulk, the less 
' soluble salt of tho 2 : G-acid (.54-60 kilos.) is 

separated from tho more soluble salt of the 
2 : 7-acid (386-390 kilos.), the yield of tho latter 
being much greater than in the first 4>r<)cc8s. 

(3) Na]>hthaJeno va[»oiir U allowed to ascend 
a tower hoaU'd at 220 -2.30", down which 
suJ])hunc acid de.scends over judihles. The 
product, being subjected to heat during only a 
linef j)eriod, wlnWeby transforniation into 
isomeric acids is inijicdeil, is said to consist of 
the 2 : 7-acid mixed with only small amounts of 
the 2 : G-aeid and .some suljthune arid (Clibbs, 
Ambler, and the ISelden Co., Brit. J*. 131970). 

Jdcntijiriition.— -The acid crystallises in long, 
deUquesernt needles, vi'ry soluhle in water. 
I’he salts arc more sululde and crystallise Ixdtcr 
than tliosi' of tile 2 : G-acid ; the composition 
oi the i ry.staliine salts and the solubility of tho 
anhydrous .salts (1 pt) of both the 2 :6- and 

2 ; 7-acids m water at 18" are compared in the 
table (I'Uierl’ and Merz, l.c .):— 


5::T()rla-j ■ -JiliorliS-] 

I‘l>,4-J 2H.,() easily , *PliAEll.,0 sparingly 
KaA i 21120X2-2 (19") ^ lUAf H.‘u 
C'nA + lllIjO r>'2 I (‘n,A ■ l(r2 

KjA I 211,0 l-l j K,.A 19-2 
NiuA i (111,0 2 2 I Na,A I H,0 8'4(19'’) 

'I'he rliloridr forms four- or six-.sided prisms, 
in.j). 158-' (ICbcrt and .\ler/., l.c ) convertible into 
2 . “-dichloronaplithaldic (Clove, Bull. Soc. cliim. 
1H7G, I II.] 2G, 244; Armstrong and Wynne, 
Chein. Soc. Proc. 185M), G, 12). 

HincUons .—(.)n sutphonation, it yields the 
1:3: i)-lriKidplionic acid. Kusion with caustic 
alkali converts it. into fi-aaphlliol-l-sidplwnic acid 
and 2 : l-dihiidroxijnaphihalcm'. Nitration fur* 
nishc.s 1 : ^-diudromphthaknc-^ : {\-dimlphon,ic 
ncid. 

NAWITllALIONKTaiSOLPJlONJC Ac’IPS. 

luhoducktry .—According to Clurko and 
Rudolph, a naphthalcnctrisulphonic acid ia 
obtained by the sulphonation of naphthalene 
either with 8 times its weight of 24 j).c. anhydro- 
acid at IHIC. or with G times its weight of 40 p.c. 
anhydro-acui at 80"-KK)‘ ; also by the sulphon¬ 
ation of najihthalenemono- and di-sulphonic 
acids and their salts with a proportionately 
smaller quantity of anhydro-acid (IX R.-P, 
38281 ; Eng. J^. 1671G of 1885). Two acids, at^ 
least, arc obtained by this process, the 1:3:5- 
tnsulphonic acid, which is the chief product at 
the lower tcnqierature as Erdmann states (Bor. 
1899, 32, 3188), being replaced by the 1:3:6- 
tri8ul])homc acid, the final trisulphonation 
product at the higher temperature (f/. Pierz end 
Schmid, Helv. Cliim. Acta, 1921, 4, 381). As 
a third acid, the 1 :3 : 7-dcrivative, can be 
obtained by the sulphonation of naphthalone- 
2: G-dmulphonic acid, its presence in tho 
mixture, although not recorded, is at least 
probable. 

The naphthalcnctrisulphonic acids in -which 
two of the three sulphonic groups are relatively 
in tho meki- position yield hydroxytoluic acids 
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by digestion with caustic soda solution at 250^ 
(Ralle, D. R.-P. 9?201), and brown dyes, possibty 
derived from them, by digestion with sodium 
sulphide, sulphur, and water at 240® (Kalle, 
D. R .P. 9843ft). 

(i.) Naphthalene-1 :3: 5 trIsulphonic acid is: 
formed when sodium naphthalene-1; S-disul- 
phonato (z pts.) is heated either with mono¬ 
hydrate (3 pts.) during one hour at 50 ', 07 p.c. 
anhydro-acid (2*8 pts.) being then added 
gradually during a second hour at this tcrn])era- 
ture, and the iTuxhire afterjvards heated at ftO^' 
during a further 3 hours, or until disul]»honate is 
no longiT ])roei(Mtated from a sanijtle liy brine 
(Knlie, J). J*. Antn K. 11104; l-hig. I‘. 1041 r)f 
JH!I4; Krdmann, Her 1H!M*. ,‘12, 3I8H), or with 
20 pc. anhydro-a<'i<l (0 jits.) tlio temperature 
being graflu.illy raised to J.'IO'' and maintained 
at this })oint until sulphonation as tested li\ 
brine is com]deto (Pisehi“sser,^|). J*. Anrn. t’. 
7059; Bayer, I). J\ Anm. F. 70tM ; J'hig. P. ' 
17I41(' of 1893). It is also forme*I by oxnlising 
with permanganate the tliiona])hthol or the 
sul])hinie anid obtaineil from /l-najilithylamino- 
4 1 8-disiilphonic aeid (Bay<“r, J>. Jl.-J*. 70290; 
Eng. P. 11405 of JH92 ; Cattcnimnn, JVr. 1899. 
32, 1158). 

Idcnitficaiioii.—Thk acid is very soluble in 
water, and its behaviour recalls that, of the 
strongest non-volatile mineral acids; the 
dodiinn salt, Na^A j 41120, forms necdle.s very ' 
soluble in water, but only sparingly so m ihlute 
alcohol. The M/orn/r, rhomlm; prisms, ni.]» 140^' 
(Fiscliesser, l.r. ; (lattermann, l.c.) is convertible ' 
into I : : ri-(richl(>roruiplit/iiikw (Kalle, Ic ; 

]). R.-I’. 82503). 

siiljihonat ion it yields 7,np/i- 
tholeW'l : 3 .5 : will. Fusi(*u 

with cau.stio alkali converts it into a imphlhol- 
3 : and and 1 : 5-di/ii/dro.ii/vfipfi- 

lhalrn<'’ii-/<ulphonic and, but <]ig<“stion with 
strong caustic soila Rolution at 250 gives 
O‘hydropry‘ 0 -f')hiic and (Kalle, T). R.-P. 91201 ; : 
Eng. P. 105.59 of 1894). Kilration furnishes ; 
a-7iUroruiphthale7i’e-i : 0 : H-Irisulphonic and. 

(ii.) Naphthalene-1 ; 3 : 0-trisulphonic acid is | 
obtained w'hcii sodium naphthalene-l ; lb or ‘ 
2 : 7-di3ulphonatc is luaited w-itli twice its W'oight , 
of 24 p.c. anhydro-acid. the ti'inperature being 
raised gradually to IBO"' {cf. (riiike and Rudolph, 
1). R.-P. 3828] *; Eng. P. 15710 of 188.5; Bayer, 
1). R.-P. 03015), or, mixed witli 1 : 3 : 5-tri- 
sulphonic acid, wdien naphthalene or sodium 
naphthalone-^-sulphonate is licatod w'lth 40 p.c. 
annydro-acid at 150'’-l(i()'^' ((Jurke and Rudolph, i 
Ic.) and when naphtlialene is heated w’ltli • 
3*6^ times its weight of chlorosuljihonii; acid ; 
’ at 150° for an hour (Armstrong and Wynne, 
(diem. Soc. Proc. 1887, 3, 140). It is formed ; 
also by eliminating the amino-group cither from 
a-naphthylaraine-2 ; 4 : 7-tri8ul]ih(mic acid (Arm¬ 
strong and Wynne, (’horn. Soc. Pro*;. 1890,0,125) ■ 
or from jS-naphthylamine-3 : 0 ; 8-irisulj)lu>nic 
acid (Drcssel and Kothe, Ber. 1894. 27, 2154). 

Preparation. —Monohydrate (380 pts.) is 
added very slowly to naphthalene (256 pts.) at 
165°, the melt kept at this temperature for an , 
hour, then cooled to 76°, diluted with mono- 
hydrate (120 pt.s.) cooleii to 50°, and mixed 
cautiously with 60 p.c. anhydro-acid (900 pts.), 
stirring being continuous, and finally heated at 
166° for 0 hours to ensure complete conversion 


of mono- into tri-sulphonio acid, which wititout 
being isolated is then available for nitration. 
The yield of 1:3; O-trisulphonio acid may 
amount to 60 p.c. of that calculated (Fierz- 
David, Dye Chemistry, p. 12). 

Identificaiion .— The aodixim salt NajA+dEgO 
forms very soluble needles and the chloride 
small prisms, m.p. 194° (Armstrong and Wynne, 

l. c. , Dressel and Kothe, I r.). 

Heated with 50 p.c. caustic soda 
solution at 170'’-180‘, it yields a-nophihd-^iQ- 
disulphonic and, but with 90 p.c. caustic soda 
at 2-50° 1 \ ii-dihiidiorijiyiphthalirne-'i-fiulplioiuc 
(Kid. Nitration ounvei’ts it into a-ialroniiphihul’ 
mc-’i : 6 : S-(ri,^ulphoHic acid. 

(in.) Naphthalene !: 3 : T-lrisuIphODicacid is 
obtaiiu'd when sodium naj>hthalene-2 : 6-di.sul- 
plioiiate (1 |)t) dissolved in monohydrato (3 pts.), 
IS heated with 60 ]).e. nnhydro-acul (1 ]>t.) on a 
water bath until a lest, on nildition of common 
salt, gives no sejiaration <jf the di.sulphonate 
((‘assolla, l>. H.-P. 75432). It is also formed by 
oKidising with p<Ttnanganate the thnuiajdithols 
from a nai)hthyiamim‘-3 : T-dxsulphonic acid and 
5-na[ilith\]anijn<‘ 6 ; 8-disnl])honic acid (Bayer, 
h. R.-I\ 70296; Eng, P. 11465 of 1892), and by 
eliminating tlie umuio-grou|) from ^-naphthyl- 
amiiie-3 5: 7-trisul|)honic acid (Drc.gscl and 
Kothe, lier. 1894, 27, 1203). 

Jdoilijinilum.- 'I'lie chloride forms largo 
])risms, ni p. 165°-1(>6 ' (Dicssel and Kothe, l.c.). 

7iVm7io/w.--()n .sulpliohalion it yields 7iaph- 
ihalnii -\ ; 3 • 5 ; l-lfita.siilphonicactd. Digc.stion 
with 50 p.c. caustic soda solution at 200" converts 
it into p-h?/duKri/-o-li>ltiir and (Kalle, J). R.-P. 
91201 ; Eng J*. J(>5r>9 of 1894). Nitration fur¬ 
nishes a-iiiiionaphihah nr-‘i:rr"i-ir mil phonic acid. 

(iv.) Naphthalene-1 : 4; 8-trisuIphonic acid is 
obtained by oxidising with jienmingaimte the 
thiona])lithol or the* sulphimc acid pi*epared 
from a-naf)lithvlamine-4; S-disulphonic acid 
(Bayer. I). R.-P. 70290; Eng P 11405 of 1892 ; 
Gattermann, Ber. 1899, 32, 1150). 

Idniiijicalion. —The chlondc forms dusters of 
needles, ni ]>. 15()'’-157° (Gattermann, l.c.). 

(v.) NaphthaIene-2 : 3 ; 6 trisulphonic acid, 
obtained by oxidising w'ith permanganate the 
tliionajiliDiol from 6-na])hthylamino-3 : O-disul- 
phoriV' aeid (Bayer, l.c. ; Armstrong and Wynne, 
I'liem. Soc. I’roc. 1893, 0, 168), is also the 
product formed by ehminatuig the amino-group 
from fi-naj))itliylamino-3 ; 6 : 7-tri8u]phonic acid 
(DresseFand Kothe, Ber. 1894, 27, 1202). 

Idt‘Hljfnofio7i.--'The potassivm salt (-pSHjO) 
is miiTocrystallinc; the chloride forms fiat prisms, 

m. ]>. 200" (Armstrong and Wynne, l.c.). 

The fijUow’ing aciiis ;— 

(vi.) Naphthalene 1:2: D-trisulphonic acid, 
(vii.) Naphthalene-1 :2 : O-trisulphonic acid, 
(viii.) Naph^ialene-l : 3 : S-trisulphonic acid, 
(ix.) NapfathaJene-1 :4: 7 trisulphoniG acid, 
obtained, like the 2:3: 6-trisulphouic acid, from 
tlio eorrespondmg thio-a- or ^-naphtholdisul- 
phonic acids by oxidation, form sodium salts 
which are very soluble in water (Bayer, kc.), but 
have not been further described. 

Naphthalenetetrasulphomc Acids. 

Introductory. —Each of the two methods 
employed for the tetrasulphonation of naph¬ 
thalene has been stated to furnish more than one 
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tetTMulphonio acid. Senhofer (Monatoh. 1882, 
3, 111), by using a mixture of sulphuric acid with 
phosphoric oxide at 260® for 3-4 hours obtained 
a product which by fractional crystallisation of 
the mixed barium or copper salt furnished an 
acid now identified by Fierz and Schmid as the 
1:3:5:7-tetrasuJphonic acid (Helv. Chim. 
Acta, 1921, 4, 381). With 40 p.c. anhydro-acid 
at 160'^ for 9 hours, or with chlorosulphonic acid 
(Bayer, D. R.-P. 40893), at least two tetra- 
sulphonic acids were said to l>e formed, and to 
avoid the production of isomorides, the 2 :6- 
disulphonic acid rej)laced na]>hthalene in later 
developments of the ])rocess (Rayt'r, I). K.-P. 
79054; 80404; Eng. P. 25074 of 1893; r/. ; 
however, 1). R.-P. 89242), furnishing, like llio i 
1:3:7-tri8ulphonic acid under Biinilnr eon- ! 
ditions, a tetrasulphonic acid, the ehlondo of j 
which melted at 26P-262' (Bayer, I). P. Anm. E. ; 
7224; llnR. P. I.C.). ' j 

On reinvestigating the subject, Fierz and ' 
Schmid (/.c.) have reached the following ooti- i 
elusions:— 

(i.) That energetic siilplionation with j 
anhydro-acid coimrts najilithaleno int<i n 
mixture of the 1 ; 3 : 6-tnsuI]»honi(; and the 
1:3:5: 7-tctrasulphonic acids; 

(ii.) That the 1:3:5:7-derivative is the 
only totrasuljihonic acid arising from th<‘ siil- 
phonation of naphtlialono; 

(m.) Thai this tetrasiilplioiiH! a<'id is fornu'd 
very readily in tlie melt, hut independently of 1 
the 1:3: O-triKulphonic acid unless by the use I 
of only weakly fuming siiljihuric acid iHoincrisa- ! 
tion occurs followed by further suliihomitionA 
(i ) Naphthalene-] :3:5:7 tetrasuiphomcacid . 
is obtained wlicn calcium na[>htlialcne*2 : <>- ^ 
disulphonatc, dried at 200^, is hiwitAjd with i 
3 times its weight of 25 ji.e. alihydro-acid at 90" ' 
during 4 hours and tlien at 2t)0 ' during (> hours. ' 
The product is converted into sodium salt, which i 
can l>o separated from a hot concentrated ^ 
solution by common salt as a heavy saml-Jilce i 
precipitate (Bayer, J>. R.-P. 79054; Eng. P. i 
25074 of 1893). I 


in needles, m.p. 309®-3l0®, sparingly soluble in 
bertzene (Bayer, H. P. Anm. Y, 7224). 

(ill) Napbthalene-l : 3 : 6 : 8-tetrasulphonic 
aeid is obtained similarly from a-naphthylamine- 
3:6: 8-trisulphonic acid. 

Identification .—The barium salt is only 
sparingly soluble, but the crj'stailinii sodium 
salt easily soluble in water. The c/dorirfc short 
prisms, m.p. 282"-283”, dissolves only very 
sparingly in benzene, but more readily in acetone 
(Bayer, Ic.). 


in. Nitro- Derivatives. 

1 Ilftodiirfori/. —'{'ho action of nitric acid on 
naplitliali'iie was lirst iinestigatcd by Laurent 
(Ann. ('him. Phy.s. 1835, |ii.l 59, 37(i; rf. 
Lautcmaiui and Aguiar, Bull. 8<>o. chim. 1865, 
(ii.] 3, 26J) who^flc.scribeil a-nilronaphthaleno 
under tJie name nitrona^ihthalase. it is now 
recognised that one mono-*, two di-, four tri-, 
and tJirce tetra- ® nitnmajihthalenes can bo 
obtained from naj)li( halenc by nitration under 
suitable condition.s,^ the relation.ship between 
them being shown in the scheme (N is used for 
NO,) 
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IdcfHificafwn. —Tbe^wnimsaltBajA-l-HHjO 
is effloresceni, that with 8 H 2 O is stable in the air 
(Fierz and Schmid, flelv. Chim. Acta, J92L 4, 
381). The chloride forms very siianngly soluble, 
compact, cubical crystals, m.p. 20r’~262" 
(Bayer, I). P. Anm. F. 7224 ; Fierz and Schmid, 
U.) 

Reactions .—Fusion with caustic alkaii con-, 
verts it into J ; 3 : ij-lrikydroxijnafhthulenc-l’ 
snlphonic arid, but digi'stion with 15 p.c. eau,stie 
soda solution lurnislics a-vaphtkol-i : 5 : 1-in- 
sulphonir. acid and witti 60 p.c. solution a mixture 
of the isomeric 1 : ^ dihydrorfiiwfihtliak'nc-b : 7- 
and 1 : ^-dihydroxynaphihnhne-Z : l-duiUphonic 
acids. Jt cannot be nitrated. • 

(ii.) Napbthalene-1 : 3 : 6 : 7-tetrasuIphonic 
aeid has been prepared by oxidising with per¬ 
manganate the thionaphthol obtained from 
B-naphthylaminc-3: 6: 8 -trisulphonic acid (Bay¬ 
er, D. R.-P. 70296 ; Eng. P. 11465 of 1892). 

Identification .—The sodium salt forms a very 
soluble granular mass. 'I'he chloride crystallises 

* Fierz and Schmid further suggest that the simul¬ 
taneous formation of the tri- and tetra- sulplionlc acids 
accounts to a large extent for the apparent loss of 
material in the production of H-acid from the trisnl* 
phonatioD melt, in which only the trisulphonfc acid 
can be nitrated. 


AA AA AA 

vv’ 

From this scheme it will be seen that, unlike 
SO 3 H radicles in the presence of sulphuric acid, 
NOj radicle.s in nitration products of nitro- 
naphthalcno are found in J : 2-(orf/io-), 1 :4- 
[para-), and 1 : S-lpcn-) positions. Further, as 
illustrating the difference between nitrobenzene 
and a-nitronaphthalene, it may bo pointed out 
that whereas, by further nitration, the former 
yields mc/udiiiitrobenzene as chief pro<luct, the 
latter gives nob the 1 :3-(«ie/«-) dinitronaph- 
thaleno but two heteronuckal aa-dinitronaph- 
thalcnes. 

'Phe nitronaphtlialenesulphonic acids are de¬ 
scribed in this section, the iiitronaphthylamines 

* Possibly accompanied by a very small amount of 
the Isomeric fl-uitroiiaiihtiialcne ( 7 . 1 *.). 

» Five, if Dhar's 1 : 2: 6 : 8 - and Aguiar’s tetranitro* 
naphthalene's be included (7 ».). 

* Tiie extent to wiiich nitration proceeds with a 
mixture of nitric and sulphuric acids in molecular 
proportion depends on the relative proportion of water 
present: thus with from 0-20/26 p.c. of water, tetra-; 

, 25-60 p.c,, tii-; 60-60 p.c., tri- and dl-; 60-65 p.c., 
di-; and in greater amount mono-nitronaphthaWe 
(Saposhnikov, Cbcrn. Soc. Abstr. 1015, 108,1, 393). 
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and nitronaphthpis in connexion with the corre* 
Hponding naphthylamines and naphthols {q.v.). 

By reduction, usually with iron and dilute 
sulphuric acid, the nitronaphthalenesulphonio 
acids are converted into the corresponding 
naphthylamiucsulphonic acids, which in not a 
few casei are of technical inifiortance, being 
isonierio with those obtained from the naj)hthyl- 
aminoH by 8ulj»honntion. 

Unlike nitratod hydrocarlxnis of the hcrizeno 
series, tlie rntronitplithalcncs of IittJc im¬ 
portance as oxjdo.sives. • Crude telranitro- 
naphtlmlciK', for example, obtained by heating 
crude dinitromi|ihthak*ne witli i5 times its 
weight of a mixture ccmtaining .'U» ]> c. of nitric 
acid (Hj)gr. 1-5) and 7(i p.c. of sul|ihnric acid at 
a temperature not exceeding JiiP" for an hour, 
is almost insensitive to detonation and per¬ 
cussion, and when lu'iitixl burns ipiietly with a 
smoky flame without i-xplosioft (Escales, Nitro- 
Bprengstoffe, ed. lOla, 1(18, IIIU). 

Nitrona piith a lenes. 

NCj (i.) a Nitronaphthalene, for lubora- 
AA ])urt)oK(‘s, may b<‘ prepared by 

I I 1 adding very tmely powdered naphlliai- 
VV ^ne {128 gr.^ to a mixture of (>() p.c. 
nitric acid {103 gr ) and 80 p.c. sulphuric acid 
(300 gr.). stirring continuously for (> hours at 
and coinph'liiig the ri'ai tion <it (»()' for one 
hour. ’Phe )»ro<luct, boiled with water to remove 
acid and unchangi'd iiajihllink'iK'. may he frccxl 
from dimtrona])hthalcnc. if jircscni, by extrac¬ 
tion with carbon disulphidi' {I'J. Jteilstein and 
Kuhlberg, Annalen. 1873, 1()0, 81). 

t)n the large scale, finely powdered najililhal- 
cne {2*5 pts.) is added gradually through a sieve 
to a mixture of nitric acid of sjt.gr 1 -38 (2 jtis ), 
sulphuric acid {2 pts ), and sjtent acnl from a 
previous operation {0 jtts ); (ho temperature 
being maiutuined at 43'-^'' tlirongliont the 
operation, and tlu' nitration coinpieti'd in one 
day When cold, the sjient acid i.s run off from 
the solid cake of nitroiiajththalonc, and the 
latter, after being washed with liot w-atitr. is 
either granulated bv allowing it to flow in a 
thin stream into cold water {Witt, (‘hem Ind. 
1887, U). 21(>) or cry.stallisod from solution in 
one-fourth its weight of solvent najditha {Paul, 
Z. angew. (‘hem. 1S!)7,10,140). 'I’he nitiation can 
bo ofTected by mixing naphtlialene with pow’dered 
nitre, and stirring the mixture into suljihuric 
acid (Hochst, 1). K.-P. 201023). avoid tlic 
use of sulphuric neid, and \(t admit of the em¬ 
ployment of a weaker mine a<-ul (sp.gi. below 
I '33) than will attack iiaphthaiene in its absence, 
an electrolytic method lias been proposed 
(Tiyllcr, 1). H -P. 100417). 

Identif cation. —Itorystalliscs in long, slender, 
lustrous needles, m.]). oV (Aguiar, Bcr. 1872, 5, 
371), b.p. 304^" (Koninck and Marquart, 

12), sp.gr. 1*33, and is jiractioally non-volatile 
with steam. It is readily soluble in benzene and 
its homologuos, carbon disulphide, ether, or hot 
alcohol: in 87’f) p.c. alcohol, 1 pt. dissolves in 
36’6 pts. at 16®. It is not an bxplosive; its 
vapour attacks the eyes and it is poisonous. 

^rac/ion.9.—With chromic acid in acetic acid 
solution it is oxidised to Z-nitrophtkahe acid 
(Beilstein and Kurbatow, Annalen, 1880, 202, 
217); with 6 p.o. potassium permanganate to 


‘S-mlropktkalonic and 3-nitrophthfdic acids (Fried- 
lander and Wcislierg, Ber. 1895, 28, 1642 ); but 
with cupric or ferric oxido and caustic soda 
- solution at 260''' to a mixture of phihalic and 
: hnizoic acids (Bindsch., 1). R.-P. 136410; 

: 140999; Eng. P. 15527 of 1901). 
i When boiled witli ammonium sulphite 
solution it IS converted into a mixture of a-naph- 
iliylatiiinc-.mlpfiamic and 4-sitlphonic acids, but 
with .sodium bi.'^uljiliitc solution into a-naphihyU 
amt/tc-2 : A-disuJpfioinc acid mixed with a small 
amount of the 4 iuoiiosulphonic acid. Reduc¬ 
tion in acid Holution converts it into a-naphthyl- 
au)nh>\ U'lth excess of hydrogen, m contact 
with liiiely divided copper at 330‘’-350', it also 
gives a-iaiphlfu/laninir, but with nickel at this 
tcrnpiTat-uro not only a-naphlhylaimnc hut 
tetrahy<lroriaj>lithalemi ammonia ami najihlha- 
ienc aie jiroduecd (Salxiticr and Siuiderens, 
('ompt rend. 19(12, 135, 22()). In alcoholic solu¬ 
tion with sodium amalgam, azoxymiphlhaUne is 
formed {.Tawor.sky, J jir. (‘hem. 1865, 94, 285). 

By chlorination ii mixture <4 .5- anrl f^-chiow- 
a-nitumaphthilcw< is obtHincd. ()n suJphonation 
with aiiliydro acid it ya-lds a mixture of tlic 
a’liifroibaphl/iahni 5-, (>-, and l-.siilphnnu' acids, 
tlie first named being the chief product. 

(n.) /S-Nitronaphthalene. Tlie isolation of 
/5-nit.ronaphthalcne from cnido monomtronaph- 
thalenc lias y<‘t to be eontirmed although its 
production in tlie nitration of naphthalene has 
Jong Ixicn tlionght proliai‘le from the fact that 
technical a-najihthyiaimne contains ^ najihthyl- 
amine in small quantit}'^ (Beverdin and Moolting, 
iSur la constitution do la najihtuime et do hos 
derives, ed. 1888, 33 ; Erdmann, Annalen, 1893, 
275, 217; Weiler ter-Moer, 1). K.-T'. 205()7(); 
Eng. P. i()14() of 1907; cj. how'cver, Witt, 
('hem. Jnd. 1887, 10, 220; (Jam, Intermod. 
J*rod. for Dyes, 2nd ed. p. 185, footnote; 
’retralin Co., jj. K.-P. 332593). 

In ^■ontrast with najihtlialenc, tetraUn (to- 
tra-hydronaphihalene) furmshes a mixtiiro of a- 
nnd ^-mononitrotetralin, and from the latter 
jS-nitroriajihthalene has been prepared (Tetralin 
Co.. I). K.-P. 332593). 

Pnpumiion.~\i can be obtained from 
2-intro-a-naj)hthylamine by the diazo-reaction 
(LolWnann and Jtemy, Ber. 1886, 19, 236; 
Lollmann, Ber. Dj87, 20, 891): in 7 p.c. yield 
from ^-iliazonajihthalene nitrite by treatment 
witJi cyprous oxide (Sandineyer, Ber. 1887, 20, 
,1490): and, in 25 ji.c. jdeld, from diazotiaed 
|6-naphthylamine .mlphate by interaction with 
cupfocupric sulphite and potassium nitrite 
solution at the ordinary tcmj>eraturc (Hantzsch 
and Blagden, Ber. 1900, 33, 2554). 

JdnUification .—It crystallises from dilute 
alcohol in smiill yellow' needles, melts at 79®, has 
an odour of * cinnamon, and volatilises only 
slowly with steam. 

Rcactinns .—Un sulphonation, it yields a 
mixture of ^•niironaphihaU.ne-5- and %-tadplionic 
acids. By reduction in acid solution it furnishes 
^■•naphlhijlarmne. When warmed with methyl 
alcoholic potash it gives 2-nitrow-a-naphthol. 

NitronAPT iTiULENBMONosuLPHONic Acids. 

Introductory .—The six nittonaphthalene- 
monosulphonic acids which are known with 
certainty are a-nitro-compounds, and are 
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obtained either by the sulphonation of a-nitro- 
naphthalene, or by the nitration of naphthalcne- 
a- or jS-monoaulphonic acid. The products from 
eaoh of these sources are : 

{a) By sulphonation of a-nitronaphthalonc : 

NO, NO,. NO, 

AA AA ' sAA 

IN ol ' ! ! I 

VV ‘VV vv 

s 

(6) By nitration of naphthalene-a-su]plioiiio 
acid ^ 

S NOj S S 

AA AA AA 

vv vv' V'J 

NO, NO, 

(c) By nitration of napJiti)u!(*nr-^-sul])honio 
acid: 

NO. 

gAA ‘ sAA AA,s 

V'y Vv vv 

NO, NO, 

TilO Heparatioii of the iHoiiieric acids obtained 
by the.se methods is not easy, and for techmeal 
]»uri)oses is not attenij)t(*d, as tlie napbtliyJ- 
atmiiesulphotiie acids, for the proiiiudion of 
winch they are made, c.in be isolated from the 
resjiective reduction products with much less ’ 
lUlficulty. 

On comjianii" these jirodiicts of the nitration , 
of ri!ij)hthaleiieni(jaosid[>hi>tnc acids with those : 
of naphlhalfsu!-di- and tr isulphonie acids 
{v. ]>p. 4111, 432), it will he noticed that thi* 
former always, but tin; latter finly rarely, tiir- 
iiish isomerido.s: also that the Nt)., j;i'oup can 
assurrm the 1 : i-{/>aKi-) or the 1 : H-{prn-) imt 
!Hft the 1 : '2-{i)rlho-) ])OHition nOatively to tbi' 
iSO^H group. 

(i.j a-Nitronaphthalene 3-sulphonic acid 

(Olove’a ly- \/itlroufi/>Jilhalc/u '^idphoiiic nnt/},’ 
formed in sm<dl amount wlnoi sodium naplithal- 
one-i9-suiplioiiatc is rutiated [r. the ti-sulpJiomc 
acid), is obtained from the siiljilionv! chloride by 
boding it with water (Cleve, Ber. IHHtif iJt, 
2170; cf Armstrong and Wynne, Oljem! 8oc. 
Proc. lKy.5, II, 230)." 

Idtiilijicfiliov —Thf* Irad salt PbA,+3H,(), 
haridin salt BaA,d-3H,0, and pofa.ssytin salt 
KA, crystallise in sparingly soluble nocflleb* ; 
The chloride forms needles, rn.p. 140'’, convertible 
into \ •.'^•dichloTotuiphlJialciie, Reduction •con-! 
verts the acid into a 7 m2>hlhi/latHine-'.\'‘<ul2>hoiuc , 
acid (Oleve. / c.). ! 

(ii.) a Nltronaphthalene-4-sulphonie acid, 

formed in small quantit}' by the nitration of ' 
sodium naphthaloue-a-suijihonaft.‘ {v. the 8-sul- ' 
phonic acid), is isolated from the jiroduct by ' 
means of its chloride (Cleve, Ber. 1800, 23, ■ 
950).» 

^ AccoriliiiK to Friedlflniler (Hcuinann, Anilin- 
farben, 1898, U, &17), ^-nitronapbthalelle-4•8ulI^homc 
acid occurs Id small quantity in tlie pnxluct from tins 
source, but no description of the acid has Iwen Riven. 

* In every case wliere tlie constitution of an a- 
nUronaphtlialenesulphonic acid Is Riven, the nitro- ; 
group is suppogfid to be In the position ‘ 1.’ 

* Erdmann and Suvern did not succeed In finding 
tills acid amon« tlic nitration products of naphthalcne- 
<i-sulphonyl chloride Uunalen, 1893, 275, 249). 


I Identification.—Th& barium salt, BaAj-f H,0, 

; forms noodles soluble in 66 parts of cold and 
! 33 parts of boiling water; the calaum salt, 

I CaAa-f2HjO, scales soluble in 37 jiarts of M'ator 
'at 17® and 16 parts at 100^; the pofa^/iium 
, salt, KA, needles; and the aodtiun. salt, 
NaA-j-HgO, needles. The chloride forms prisma, 

. m.p. Reduction converts tho*aeid into 

a-wi^ihOu/launnc-ii'Sidpkonk' acid (('leve, l.c.). 

(ill.) a-Nitronaphthalene-5sulphonic acid 

{CU.vc's [a-\afid) IS obtained as chief product 
(about 80 ji.e.) whijii a-nitronaphthaleiie is sul- 
phoiiated with aiihydro-acid ; but us imiuir 
{u-odiict (20-30 p.e.; v. the 8-8ul]>hoiiie acid) 
w hen soihiim iiaphtlialouc-a-sulphonate is 
nitrated. It is said to bo the only jiroduct of 
tlio interaction of a-njtioiia])lithaleno and 
ohIorosulplioMio acid (Armstrong and William- 
Hon, Chem. Soe. Proe. J8S(>, 2, 233). 

J*rcp(/rritiou.-^-{l) Finely divided dry a-nitro- 
naphthalene (20 jits ) is ailded to a mixture of 
sulplmiio acid (35 pts.), ami 24 p.o. anhydro- 
aeid (25 ptn ) at .sucii u rate tliat the iernperaturo 
does not use above OO", and the mixture mam- 
tallied at tliis temperature during 8 hours or 
until sulphonation is completi'. Tlie product, 
[loured on to an equal weight of loe, gives a 
(Tystallino separation of*llie pure 5-suIphonio 
acid (Witt, t-'liem. Ind. 1887, 10, 218). From 
the mother hijuor, the isomeric, O- and 7-sul- 
phoiiic acids can be isolated by conversion into 
and fraclioiiiil crystallisatjou of tiic nitro- 
iiaphthalenesulphonyl chlorides (Balmaer, Ber. 
1888, 21, 3260). 

(2) Tile formation of dark resinou.s sub- 
.stanecbs, unavoidable when a-nitronaphthaleno 
IS suljjlionated by anhydro-aeid, does not occur 
if fused Stilt is added to tbe acid iii quantity 
Hullieient to convert the dissolved anhydride 
into ehlorosul[)liouic acid. Following this 
modilii'd pi-oec‘Hs, a-iutronaphthaleno (10 jits.) 
IS added to tlio mixed sulphuric and ehloro- 
sulplioiue aeids obtained from 20 p.e. anhydro- 
acid (26 pts.), and tbe mixture heated on a 
waler-hutli until sulphonation is complete 
(iOrdmann, Annalen, J8HK, 247, 315). 

Idf/dificotioii.—Tho aetd, ilA-f4H2<), cry¬ 
stallises in easily soluble [lale yellow needles; 
the lead salt, I’bA^d-.'llf.O, in scales; and the 
barium salt, BaAj-j-UII^O, in sparingly soluble 
neoilles (Cleve, Jiull. »Soe. chim. 1876, (ii.) 24, 
510). The calcium salt, CaA2-l-2U.20, forma 
sparingly soluble needles; the 2 ><>to,H 8 iu'm salt, 
KA-f-H 3>, hexagonal tables soluble in 25 parts 
of water at 17® (Krdmann, Annalen, 1803, 275, 
247); the sodium salt, NaA-i-llI/), very soluble 
tables (Cleve, l.c.). The cMonde. needles, m.p. 
IJ^r, 18 convertible into 1 : b-dichhromtjihthakn^ 
(Cleve, l.c,.). 

i^wfc/io/w.—Reduction in acid solution con¬ 
verts it into a-ria2>hthi/lamhic-5-sulphonic acid; 
with soibum amalgam into a-naphthylamine 
(Claus, Ber. 1877, 10,1303); and electrolytically 
into \-a)rnuo-4-rutphihol-6-svlphonic acid, doubt¬ 
less by transfoMuation of the hydroxylamine 
first formed {cf. Fierx and Weissenbach, Helv. 
Chim. Acta. 1020. 3, 305). Nitration furnishes 
1 : H-dinilrouajihthalerie-lj-sulp/umu acid. 

(iV. ) a-Nitronapbtbalene-G-suIpbonic acid 
(Ckve's ]actd. A mixture of this acid with 
about an equal quantity of the 7-8ulphoiiic acid 
forms almost the entire product of the nitration 
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of sodium naphtbalene-jS-sulphonate, the S-sul- 
phonic acid befhg present only in very small 
amount. A mixture of the 6- and T-sulphonic 
acids constitutes the minor product of the sul- 
phonation of a-nitronaphthalcne (f. the 5-sul- 
phonic acid). 

Prep(^raii<)n.— (J) Sodium na]»hihalenc-^-8uI- 
phonate (23 pts.) is stirred into sulphuric acid 
(1J6 pts.) at a temperature not exceeding 
the whole cooled to 0”, and a mixture of nitric 
acid (7 Jits. lllS'Os) and sulphuric acid then 
added at 0"-l0‘’, the nitru/ion being comjileted 
at tliis tomjiorature. After removal of the excess 
of sulphuric acid by lime, the filtrate is use<l 
either for the isolation of the b- and 7-Hul]diornc 
acids or for tlieir reduction to the corre.sjiorid- 
ing ff-naphtbylammc.sulj'honic acids ((’asselhi, 
J). R.-J\ G70J7; Eng. 1*. (11)72 of JHDl rj. , 
IX II.-P. 850.78). 

(2) yodium naphthaieno^9-auIphonate is 
stirred into cold nitnc acid of 8j>.cr. 1‘3, tJie 
mixture warmed to conijih'te Dk* nitration, and 
the product eonverle<I into banuni salt. By , 
o.xtraotiori of tins salt with boiling water, the , 
groator part of the sparingly soluble (i-Hul])honat<‘ 
remains undi.ssolved. To Hcjiarate the remainder 
the filtrate, winch in addition contains the 7- and . 
3-isomerideH, is evaporated to dryness, the 
residue oonverted into ehhuide, ami this ex- ' 
traded by carbon disulphide, in which tlie ! 
7-sulphonyl ehlornio is only sjiaringly solubb'. 
The ()• and the 3-sulplionyl ehlovides are then ; 
separated by fia<‘tional crystallisation from the ■ 
solution ((3(“ve, Bull. S(‘C. chim. 1870, jii] 2(), 
444; 1878, [ii.] 20, 414; Ber. J8SI), 10, 2170; 
<■/. Erdmann and Suvern, Amuilen, 1803. 27.7, 
251). 

IdeniificnUon. — The atid crystallisiis in 
readily soluble brown needles ; the harinm salt 
BaAg-f-H^O in needles soluble in 782 parts of 
water at 22^'; the adciinn salt (’aAg+HsO in 
scales; the ]>ul(us.‘iium salt KA in table.s soluble 
in 20 parts of water at 20*^; the sodium salt 
NaA-f 3 H 2 O in crusts consisting of scales. The 
chloride forms prisms, m.p. ]25'5®, convertible 
into 1 : O-dickloronaphfhalcne (C’leve, Lc.). 

Reactions .—Reduction in acid solution con- i 
verts it into a-wiphf/n/laminc-O-sulphomc urirf, ! 
and electrolytically into ]-a/nim)A-naphthol-ii- 1 
sulphonic aetd (r/. Eierz and Weissenbach, Lc.). 
Nitration furnisheB 1 ; ^-dinitroriaphiholcnc-ii^ 
sulphonic acid. 

(v.) a-Nitronapbthalen6-7-sulphonic acid 
{elevens [0-| or \?i-]iiitromiphth<dene.svIjihoniC 
acid ^) constitutes about one-half ol the product 
when cither sodium naphthalcnc-fi-suljihonate 
{v. the C-sulphonic acid; cf. (’assella, J). R-P. 
85058), or naphthalcnc-^-suIpbonyl chloride 
(Erdmann and Suvern, Annaleii, 1893, 27.7, 238) 
18 nitrated, but is formed only in small amount 
when a-nitronaphthaleno is sulphonated {v the 
5>sulphonio acid). 

ldentijic<Uwn .—The acid forms brown 
needles, very soluble in water, but, unlike the 
O-sulphooio acid, is almost insoluble in con- 

^ This acid was oriKlnally tennod ffi-] by Cleve, and 
is 60 described in his eoiimiunk-atlon n) the Paris 
Chemical Society (Bull. Soc. cblm. 1878, (ll J 21), 414). 
In the Swedish jmper (Porlmndl 1878, 2, 32). whicli is 
pnictlrally identical vltli the French, tlie term (0-J 
18 einploye<1, since ‘ tlie ncid yields a new dicbloro- 
naplithalcne wldch being the eighth kuoun Is dis¬ 
tinguished as 8.’ 


centrated hydrochloric acid, and less soluble than 
it in 33 p.c. sulphuric acid. The barium salt 
BaAj+SJHjO forma granular aggregates of 
needlea, soluble, when anhydrous, in 377 parts 
of water at 17" but in 9‘J parts of boiling water; 
the adcivm salt, very soluble needlea; the 
jtotassium salt KA-f^HgO, needles readily 
soluble in water; the sodium salt, spherical 
aggregates of needles (Palmaer, Ber. 1888, 21, 
320]). The chloride forma prisms, m.p. 169®, 
convertildc into 1 : l-dicMoro/uiphthalene (Clove, 
Bull. (Soc. chim. 1878. fii. | 29, 414; Armstrong 
and Wynne, (.'hem. Soc. Proc. 1889, 5, 19). 

Jieoctwns.-- Reduction in acid solution con- 
' verts it into a-'uophthyUmnuc-l-svlphonic acid, 
and electrolytically into l-aminoA-napkthoUl- 
sul'phonic acid {cf. Pierz and Wcis.senbach, l.c.). 
Nitration furnishes 1 : 5-dindron(iphtltolen£-1- 
sidphomc acid. 

(vi) a-NUronaphthalene-B-sulphonlc acid 

is <)i)tained as chief product ((10- 70 jt.c. ; v. the 
5-sulphonic acid) when sodium naj»Jithalene-tt- 
suJphonato is nilrafed. 

Pn'}H.iraiiou.- {{) Sodium iia))htlialene-a-sul- 
phonato (4 jits.) is stirred into nitru! acid of 
sp.gr. 1-45 (5 pts.), and the ^iroduct converted 
into calcium salt. Eroiii the solution of tho 
calcium salt, the greater jiart of the 5-8ulphonato 
IS separali'd by concentration, tlic more soluble 
8-sulphonat(; Iwing contained in tlie mother 
li(j ut)rs (('leve, Bi'r. 18!K), 23, 958). For technical 
jiur}ioses the sP])arat!ou is unnecessary, as tho 
coiTespondiiig na])hthybuninc8ii]pliomc* acids 
differ to a much greater degree in solubility, and 
are moi'c ca.Hily isolated (</. Seliollkopf, 1). R.-P. 
40.771 ; Eng. V. 15775 of 1885). 

(2) 'I’lie neid can be obtained by stiiring 
naphtlialmie-a-snlpliojiyi ehlonde into 3 times 
its weight of nitri<‘ acid of sp.gr. l'47r> at —5" ; 
extracting the a-mlronajilitlialene-4- and 5- 
sulphonyl chlorides from the product by carbon 
disulphide, in winch the 8-isomeri(le is almost 
lUHoluble, and hydiolysing tlie residue (Erdmann 
and Suvern, Annalmi, 1893,275, 237 ; cf. Reissert, 
Ber. 1922, 5.7, 862). 

Identification. —Tli<“ acid forms needles : the 
barium salt JbiAj-f 2 JH 2 (b cru.sts; the calcium 
salt ('aA2+4^}l2(), scales; tho potassium salt 
KA-fHgO, needles, or KA+2iHjO, scales, all 
easily soluble in water. The chloride forms 
prisms, m.p. KU® (Erdmann and Siivern, l.c.). 
Reduction converts the acid into a-naphihyl- 
^aminc-t-snl'phonic acid. 

(vii and viii.) Nitronaphthalene-5-sulpb(mlc 
aci^i mixed with the 8-suIphonic add, is obtained 
by eulphonating )S-njtronaphthalcno with ico- 
■ cooled anhydro-acid, and separated from it by 
fractional crystallisation of the mixed chlorides 
from benzene. The 5-sulphonifl chloride, prisms, 
i m.p. 127®, is more soluble in benzene than the 
^-sulphonyl chloride, needles, m.p. 109®-170° 
(Kajipeler, Ber. 1912, 46, 6.34). 

, Nitronaphthalenedisulphonic Acids. 

Inlroduclory — The nitronaphthalenedisnl- 
phonic acids are obtained for tho most part from 
naphtlialenedisuljihonic acids by nitration. 
With two of these aciiis, I’iz. the naphthalene- 
1 :5- and 1 : O-disuIphonic acids^ both a- and 
jS-nitro-derivatives are formed, the a-nitro- 
disulphoiiic acid being the chief product:— 
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S NO. S S 



S NOa S K 

AA AA AA 

vv“ ^ VV*^ 

but with eaciii of the 1:4-, 2 : G-, and 2 : 7- 
disulphouic acids only one, and that the a-nitro 
acid, has been isolated :— 

S NO 3 

AA A/\s sAAs 
VV '“VV VV^' 

K NO 2 NOi 

(i.) a NttronaphthaIene-:i: G*disulphonic acid 

{Alen'.i ; Frctiiid'^ acid i) is obtained by 

nitrating .sodmni naphthalene ^ ; 7-disiiIjihonate 
(,‘J3 pts.), dissolved in .sulphiine neid (riO pts.), 
with 50 p.e. nitrie and (2.7 ]jts.) in tlie cold. 
Or, if the ]ii'odiii't is to l>e used for ivdiiefioii —as 
the prcsiMiee ot a nitroziapliLlialeiiedl • V-distil- 
phonic aeid is then of no consequcius' -the melt, 
which also eontains naphtlialeiK- ^: (J-disul- 
phonie acid, oblamed by siilplKinatintr niiphthal- 
ene (1 pt.) witli snljihnrie aeid (.7 ]»ts.) at IbO" 
for S hours, is nitrateil with 50 ]).<•. luliii' acid 
(2 pts) in the cold (Freund, I). R.-V. 27:541); 
Eng. P. 10<)0 of it<S3; rf. Armstrong and 
Wynne, Chem. Sue. Proe. 1HU5, JJ. <S2). Its 
(ihloridc is formed, 1-ogether witii the 1 : 8 - 
dinitroiia])hthah‘ne-3 : b-disnljihonyl ehlonih* by 
nitrating napldhali'iie ^ : 7-diMiIplionvi cliloiide 
with nitrosulphune aeid at the ordinary tern- 
peraiuro (Alen, Hull. Soe. elmn. 1883, [ 11 .] 30, 03). 

Jd('tdifi(‘<ilion.~\'hc and ami .salts erystaliise 
in small ncedle.s; the bamnn salt HaA-J AlJjt), 
is s|iariiigly; the polassunrh salt K-zA-f-.^IKO 
and i^oiiium salt Na^A 1 011.^0 aie readily soliihh* 
in water. Fhe chlondc forms iieedles, ni ji. 

convertiblo into 1 -3:1) iruhloro- 
miphthulcHC (Ah'n, J'orliamll. 1881, 2, 05 ; (.’leve, 
Bcr. 1892,25.2487 ; Armstrong and Wynne, l.c.). 

HeacAioii-’i .—Keduelion m acid sohilioii con¬ 
verts it into a^na]>hthl|hllllill■c-\^ 
acid, and electrolytically into \-aminn-A-na'}i}i- 
ihol-^ : ^■dif^ul})}iomc a^id. With sodium amal¬ 
gam it gives a-nnphthylaminr (Alen, Forhandl. 
1883, 8 , 3). • 

( 11 .) a-NitronaphthalenC'3 ; 7-disuIpbonic aci(f 
{Alhds l^-'^acid) IS obtained by nitration of 
naphthalene -2 • 0 'disulphoni(! arid, as descrtlnMl 
for the 3 : O-disulph'•me aeid (Freund, l.c.). Us | 
chloride is formed, as solo jirodiict, when 
naphthalene -2 : 6 -disulphonyl chloride is nitra¬ 
ted with nitroaulpliuric acid (All'll, RuU. Soc. 
chim. 1883, [ii-l 39, 04). 

Identification —The barivm salt PaA-f 21120 , 
tablets; ailcium salt (:aA-F 2 H 20 , needles; 
potasDium salt KjA, needles; and 8 od%vm salt 
NajA 4 - 2 HjO, needles, are less soluble than the 
salts of the 3 : 0-acid. The chloride, (with 1 moL 
from benzene), forms prisms, m.p. 100 ®- 
192'^, convertible into 1:3 :1 •tnchiaromphthal- 
enr (Alt^n, Forhandl. 1884, 2, 05; Armstrong 
and Wynne, Chem. Soc. Prou. 1800, 0, 13). 

^ This acid, like the 3:7-diBiilphonlc acid, was 
regarded by fremd as a g-nitronnphtlialeue derivative. 


Seadiom. — Reduction in acid solution con* 
verts it into a-tiaphthplamini-^ : 1-dutvlphonic 
acid, and electrolytically into l-ami«o-4 wnp/i. 
thol-3 1 1-dmilphonic acid. With sodium amal¬ 
gam it gives a-naphthylaminc (Alen, Forhandl. 
1883, 8, 21). 

(iii.) a-Nitronaphthalene-S: S-disulp)ionio add 

is formed as cliief product, together with some 
^ • nitronaphthaloue -4:7- disulphonic aeid by 
nitrating najihthalene-l ; 0-disulphonic acid or 
its salts (Schultz, Her. 1800, 23, 77; cj. Arm¬ 
strong and Wynne, Uliem. Soc. Ih’oo. 1801,7,27). 

Vrcparation. — Sodnim najihtiialone-jff-sul- 
phunato (50 pis.), sulphonated with 2^-3 times 
it.s weight of 20 p.c. anhydro-aeid at 100®, is 
c<ioled to 10“-I5®, and nitrated k'lovv 25® with 
nitric acul of sji.gr. I'l- (22*5 jits.) during about 

2 hours (Ewer and Pick, 1). R.-P. 52724). Or, 
the jiroduet obtained by sulplionating cither 
naphtlmliMic (10 pts.) with moriohydratt'(40 pts.), 
first at 80" 05 ’ and thim for 10 hours at IIO®, or 
na|ihthalene-y5-sul|)honic aeid melt (20 pts.) with 
moiiohydrato (2(i jits ) at 110", is nitrated below 
25’ 30" with 8 4 j)ts. of nitri<* acid of sp.gr. 
1-38 (BadiHcliC, 1). 1*. Anm. R. 9514 ; Romthsen, 
Her. 1880, 22, 3328).'* Owing to their sparing 
solubility ni alkalis or brine, the alkali salts of 
the nitro-aeid are ea.silf sejiaraled from the 
nifration jiroduct after dilution with water, 
but the separatum is unneccHsary if the mtro- 
acid i.s to be used for reduetion to a-naphtbyla- 
mine-3 • H-disuljihouic acid. 

It js also obtained, together with a-nitro- 
najihthaIene-4 : 8-disulj)hnnie acid and small 
quantities of the corn*spon(Iing /l-nitrodisul- 
phonic acids, when the product formed by sul- 
phoiiuling naplitlialime (10 fits.) witli 23 p.e. 
anhydro-acid (50 pts ) in the cold is cooled with 
ice and nitrated with nitric acid ot sp.gr. P45 
(7 Jits.). 'J’his product is useful only for reduction 
to the amino-acids from which a-naphthylamino- 

3 : 8-disulphonic aeid can easily be sejiarated 
(Aktienges, l>. R.-F. 45770; Eng. P. 4025 of 
1888). 

Hall.H .—The .salts crystallise in easily soluble 
needles; the pota.’isiimi salt KjA is afniost in¬ 
soluble in dilule cau.sfic^pota.sh solution (Fried- 
lander, Ror. 1895, 28, 1535). 

Meaiiioiins .—Reduction in acid solution con¬ 
verts it into a-naphihyiaminC'Z : %-d\8ulph)nic 
acid, hut m neutral solution with sodium 
bjsulj)hite it yields a-wiphthylarntne-'i ; (i: 8- 
trisulphonic acid Digestion with concentrated 
caustic soda solution furnishes the basic sodium 
salt of 4-?j.dms'0 a-naphlhol-2 : ry-di-iitlpkonic acid. 

(iv.) a-Nitronaphthalene-4 : 8-disulphonlc acid 
is obtained, together with the 3 : S-disulphonic^ 
acid, when as already described a melt contain¬ 
ing the naphthalene-1 : 6- and 1 : 6-disuIphonio 
acids is nitrated (Aktienges, he.). It is also 
formed by nitrating naj)hthalene-l : 6-diau!- 
jilionic acid, and separaUid from the accompany¬ 
ing ^'nitrona|ihthalene-4: 8-disuiphome .^id 
(f/.v.) by means of brine, in which the sodium 
salt of the latU*r is the less soluble (Cossella, 
J). R.-P. 65997). Reduction converts it into 
a-neiphthyIaniine-4 : H-di.sulphontc acid, 

i (v.) a Nltronapbtbalene-5:8-disulphonlo acid 

■ ^ According to Fricdlftiider, the product obtained 

; by any of these raothofis contains at least four nltro- 
aeids, of whlcn the n-rntronaphthuIene-S : S-dlBuIphonJc 
' acid constitutes only about 40 p.c. (Ueumann, Anilln- 
farbeu, 18‘J8, li, 518). 
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is formed when barium naphthaIene-1:4'dUul* 
phonato (5 mixed with sulphuric a«id 

(30 pts.)* is nitrated at 10®-15^ with 25 p.c. nitric 
acid (3 pts.). The product is free from isomcrides 
(Bayer, D. H.-P. 70857; Gatterniann, Bor. 1800, 
32, 1156). Reduction in acid solution converts 
it into a-nanhihykimiii€>r ): ^-difnilphonic acid. 

(vi.) )?-NUronaphtha]ene-4: 7disulphonlc acid 

is formed, together with a intronajihtlialeiK;- 
3 : 8-diHu]|)honie acid, l)v intratKjii of najihthal- 
ene-1 : C*ai8uIj)honic acid (Schultz, Her. IHOO, 
23, 77 ; Armstrong and ,Wynne, Cliem. Sue. 
Proc. 1801, 7, 27j. Jteduction coiiT'crts it into 
^•Tui-phthylamim A : 'l-disul}.hcnnr add. 

(vii.) - Nitronaphthalene-4 : 8 - disulphonic 

acid is obtained when na|)hiluilene-l : 5-(hsul. 
phonic acid (28 pts.), subjiended in w(,‘ll-coolod 
Buljihuric acid {00 j>ts.), is nilrniiHl witli a 
mixture of nitric acnl of «i>.gr. 1-42 ^ (10 ])ts.) 
and sulphuric acid (10 pK)., The product is 
poured on to ice, and soda (40 pt^.) added to 
separate tiie /1-salt from the more stjluhle a-sult 
(Cassella, 1>. R.-l*. (ir)!)07). R(‘du<“tion eonverts 
it into ^•napht/iyianitwA : H-di.iiilj)homc aiid. 

NriKoNArHTnAMCNJiTKisoLPiioNir Acids. 
Three nitronaph|ludenetijsuljilionic acids 
are obtained fnun ilii' corresiionding iiajih- 
tlialenetrisidjdioim; acids Ijy nitration 

NO.. S NO,. S NO., 

sAA, A A, ■ A A 

* V'‘^ ^1/ v' 

8 S 


and two of them, tin* 3:6:8- and the 4:6:8- 
isomoridos, are iinjiortanl in eoimexion Mith the 
manufacture oi the IJ- and K- (aminonajditliol- 
disuJphonie) acids. 

(i.) a-Nitronaphthalene -3:5:7 trlsulphonlc 
acid, formed when sodium naphthalene-1 : 3 : 7- 
trisuljilionute, dissolved in sulphuric acid, is 
nitrated at 15”-20', can be separated by the 
addition of salt to tlu^ juoiluct after dilution 
with water (Cassella, I). U.-P. 75432) RikIuc- 
tion converts it into a-napUihylammc-Wib : 7- 
irisidphonic acid. 

(ii.) a Nltronaphthalene -3:6:8- trlsulphonic 
acid is obtained by the nitration of naphthulcne- 
1:3: ()-tri8ul])lionic aeid. Tor technical pur¬ 
poses, the melt obtained by suljilionating najih- 
thalcne-1 : 6- or 2: 7-disuIplionio aeid is cooled 
to 25''-30”, and nitrated at tins toiujieratiire 
with the calculated (piantitv of nitric acid 
(Koch, 1). R.-P. 56058 ; Kng 1’. 9258 ollSOO). 

6inZ/.s“.—I’lie lead Pb^Aa-j-SH,!); barium 
BapAj-f-SW::^^ i f'Odium Na,,A-4-611,0; and 
anilirie B 3 A-|- 21 H ,0 salts crystallise in needles 
(Fierz anil Schmid, llelv. ('him. Acta, 1921, 4, 
381). 

Reactions. —Reduction in acid solution con¬ 
verts itinton-Hnp/dA///a;wiMf-3 : 6 : S-trisulpkonic 
acidL Digestion with ammonia at 150''-170'' 
furnishes ^-miphlhylannue-^ : 6 : H-trisulphouic 
acid, nitrogen being eliiiihiated 

(hi.) a-Nitronaphthalen6-4 : 6 ; s-trisulphonic 
acid is produced by the nitration of sodium 
naphthalene - 1 : 3 : 5 • tnsulphomitc. the tn- 
sulphonic acid melt formed by sulphonating 

^ la Casstlla’a patent, OO^Be. Is gWeu, presumably 
a misprint lor 


: naphthalene-1: S-disulphonic acid (1 mol.) with 
anhydro-acid being diluted to a density of 
j G6*iic. at 15", cooled to 5", and the calculated 
i quantity of nitric acid (1 mol.) mixed with 
sulphuric aeid added at this temperature 
' (Bayer, D. P. Anm. F. 7004; Eng. P. 17141 c 
I of 1893; cf. Kalle, 1). P. Anm. K. 11104; 
D. R.-P. 82563 ; Eng. P. 1641 of 1894). Re- 
duction converts it into a-naphthylamine- 
4:6; H-tri'^uIjdionic mid. 

] )1 NITKONAPHTHALENES 

Jniroiliidory. —'J’wo dinitronajihtlialcnes, the 
1 • 5- and 1 ; 8-cuinpounds, are obtained when 
iia))lithalene or a-iuli'onaphthalciie i.s nitrated 
with .strong nitne acid or with a mixture of 
iiJtiic and sulphuric acids. The proporiion in 
whicli they ai'«' formed vanes to some extent, 
hill may Ik‘ taken as 1 lo 2 (Fnedlander and 
Scherzc'i', ('hem. Zentr. J900, i., 410), although 
I according t(> Ga-ssriiiuin, who used more con- 
eeiit-rated acid mixtures, the best yield of 1 : 8- 
dinitronajihtlialene (about 70 p.e.) is obtained 
only uiicii tlu‘ teiniieiature l>eyond the stagi; 
of iiiononitration is the hjwest jiossible (Per. 
1896, 29, 1241, 1521). 

NO. (I.) 1:3- Dinitronapfathalene 

A A {\y-\dinitronaphth<il< iir) is prejiared 
XJO by boiling diazotised 2 : 4-dinitr()-a- 

VV " najdilhylainme with alcohol. 4'he 
statement that it is a product of 
the nitration of nafilithahme (lloehst. l).li.-J*. 
96227 ; cj. Pictet, (^omjit Rend. 1893, IJO, 815) 
was not contiiTne<l by FnedluiKh-r (Bit. 1899, 
32, 3531). it crystallises from dilute alcohol in 
bright yellow needles, ni.p. 144 ' (Lieberrnann 
and Hammeisehlag, Aimahm, 1876, 183, 274; 
cf. Fnedlander, Per 1895, 28, 1951). 

( 11 .) 1:5- Dinitronaphthalene {{a-Ymitro. 

1 JUipidhali'uc) is t>btmne<j as minor f)rodiiet, 
together W'lth the J : 8-compound, when a- 
nitronaphthaleno (10 pts.) dissolved in sul¬ 
phuric aeid (60 pis.) is nitrated at 0" by a 
inixture of nitne acid of sp.gr. 1'4 {5'2 pta.) 

1 W'lth aiilphunc acid (26 pts.). The solution, 

I at first red, becomes white owing to the separa- 
] tioii of the mixed dinitronaiihthalenea as a 
; tlije^ magma, which when dry melts at about 
140". I'o isolate its constituents, this solid 
product 18 not lernovcd from the spent acid, 
blit at the close of the nitration is heated with 
it at 8(^'‘-90" until completely dissolved and the 
"srdution then coided to 20". whereby an almost 
' coii^Ictc separation of the J : 5-isomeride is 
I achmved. From tho filtrate, the remainder of 
i the nitration product is precipitated by the 
i addition of water, and the 1:8-dcrivative 
extracted from the dried precipitate by pyridine 
I in which 1 j 5-dinitronaphthaIene is only 
: 8])annglv soluble (Fnedlander, Ber. 1899, 32, 
3531 ; kalle, 1). R.-P. 117368). The removal 
, of the 1 : 8-derivative can also be effected by 
! extraction of the dry nitration product with 
, acetone (Beilstcin and Kurbatow, Annalen, 
188(1, 202, 219), chloroform (Darmstadter and 
Wichelhaua, Annalen, 1869, J52, 30Z), benzene 
(Aguiar, Ber. 1870, 3, 29 ; Beilstein and KuhU 
berg, Annalen. 1873, 169, 85), or acetic acid 
i (Aguiar, Ber. 1872, 5. 372). 

Alternatively, the mixture olf dinitronaph- 
. thalenes (200 pts.), obtained technicaUy in the 
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form of a 60 p.c. paste, is heated at 
during 5-6 hours with 40 }).c. sodium bisulphite 
solution (740 pts.) and 26 p.c. ammonia (140 
pts.), and the insoluble 1 : 5-dinitronaphthalenc 
then removed by filtration. In this case the 
filtrate contains not 1:8-cbnitronaphthalenc, 
but a-naphthylsulphammo*4 : 7-di- and 2 : 4 ; 7- 
tnsulphonic acids arising from tlio interaction 
of this dinitro- comi>ound with tlie bisulphite 
(Hoehst, D. R.-P. 221383). 

Properhcfi. — 1 : 6 - Dinitronaphdialene ery- 
stallisea from acetic acid in .‘'ix-Huled yellow 
needles, m.p. 2l<i"'' (Aguiar, Per. 1872, 6, 372). 
It is only sparingly soluble in tlu‘ ordinary 
Holvents, and ]>ractical!y insoluble in carbon 
disulphide or cold nitric acid. With phnspfiorus 
peiit.ichloride it vfids 1 : r^-iUchlorohaphOiiilivc 
(Atterberg, \Wt. JH7b, 9, 1I8H, 1730). 

Prarfwns .—Reduction xmIIi aleolinlic am¬ 
monium Hid[»hide converts it into Cy nifru-a- 
tuip)tlhi/l(t}t}iiii' iuu\ 1 : ^•(Itiipiii/ofiajihlfialriii, but' 
III acid HoIufi<ni only the l.ittei is obtained. 
Digestion with ammoiunni Kulpliite or .sodium 
bisulphite Solution fiirnislics 1 ■ ^-duinontHKipfi- 
ihalcvi'disulpltovic <h id. 

Whi'ii iM'aied iiilli 12-23 p.c. aiihydro-acid 
at 40'-50" it yi(‘lds l^-iiilttyA-iiilroso-a-Ha'jihlhol, 
but if a reducing agent, siieli u.s suljihm or /.me 
be pre.si'iit, a tHtpIifhaziinii inlr) maliult imidml 
js fciriiU'd ffom Mliteli Tiaplithazann (.T • ti- 
dihydroxy-[a-]ua]>htt)atjuim»in ) can la* isolated. 

(Ill) 1:0- Dinitronaphthalene {|8-}/iai//o- 

viiphihah'iu) i.s obtained by boiling dia/otiscal 
1 : G-dinitro-^-naphthylamine vitb alcolml. Jt 
orystallisea from alcohol in bright yellow neialirs, 
m.p. 101’5’ (Drache atnl Diews, Jh-r. 1881. 17, 
1170; Kehiiuaiin and Mati.s, Her. ]8!I8. 31, 
2419). 

(IV.) 1: 8 - Dinitronaphthalene {\f^-'\diiii{ro- 
nnphlhaleiu) is the major pioduct i)f the dini- 
tratioi) of najihtlialene. Por its jmrifnation, 
V. J : .')-dnutronaptithaIeu<-. 

Properties. — 1 : 8 - J )mjtrona]>htlmleno cry¬ 
stallises in large, yellow ihondne jilate.s, m.p 
170"' (Aguiar, Ber, 1872, 5, 372). In ordinary 
solvents, ami in conemitrated siiljdiunc aeid, it 
is more st-luhle tlian tin- I : 6-eoniponnd. 
Accoiding to Beilat<‘in ami Kiihiberg (Anna|^‘n, 
1873, 169, 80), one part ilissolve.s m 91-4 parts 
of chloroform, in 530 parts of 88 ji.c. alcohol, 
or in 139 jiarts of iK'nzene at 19": and according 
to Fricdlander (Per. 1899, 32, 3531), 1 part 
dissolves in J(/ jiarts of cold or in 1'5 pfrts of 
hot pyridine. With pho.sj*horus pcntachloride 
it yields 1 : H-diehlorovnp/iPialeJu in small 
quantity, the chief product being l:4:8-/ri- 
chloronapylithilcne (Attuberg, Ber. 187t>, 9, 1188, 
1732). 

licadioiM .— Reduction in aoid solution con- 
verts it into 1 : H-diaimnoPKiphth/iki^. Digestion 
with soflium ^ or ammonium sulphite solution at 
yO^-OO", the alkali set free being rcnifived as 
formed, yields a-fuiphthylimlpharmnoA ; 7-dt* 

* Blue, violet, or black dycstiifls are obtained when 
1: S-dinitTonaphtlialenc is heated with alkali, Hodiuiii 
bisulphite solution, and reducing agents, such us 
glucose (Badlsche, I> Jt -P. 70208; Eng P, 10006 
of 1893; 1>. K.-P. 88230; ling. P. 7766 of 1890), 
nillk sugar, sodimn staniiitc, or swliiim 8iil|)iiide 
(Badiache, 1). K.-P. 92471 ; Kng. P. 20250 of 1806); 
or. omitting alkali, with sodium sulphide (Badlsche, 
D R-P. 84980 P. 10996 of 1893; D. R.-P. 

88847 * Eng. P- 226U3 of 1894), or sodium dlsulplildc 
(HGchst, D. R.-P. 117188, 117189). 

VoL. IV.—r. 
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^ and ,^2:4:1 -trisulph4)nic acids (whence by 
hylflrblysis the corresponding if-naphthylamino- 
' Hulphonic acids are obtained), but boiling with 
sodium bisulphite solution furnishes 1 ; 8- 
diaminonaphthaievetrisulphovic acid. 

When heated with 12-23 p.c. anhydro-aeid 
' at 4()''-5()'’’, it yields ^pnilroA-nitrosa-a^naphlliol, 

^ but if it b(^ heated with sulphuric * acid and 
reducing agenf s, such as aniline or tin or iron, 
or its solution m sulphuric aci<i bo eleetroIywHl, 
a niiphihiizarin. intcnnedinle protlucl is formed 
i.sonieric with tliat nfifaiiu'd from 1 : .'i-dinitro- 
naphthalene. 

Dinitkon vrnTiiALiiNJCRiomsuLPHONro Anns. 

(i.) 1 : 5 Dinitronaphthalene-3- (or 7-) sul- 
phonic acid Ksobtamed wlum a-nifronaphthalene- 
I /-sulplmmc acid, di^selviHl iii suijihuric acid, is 
I nitnip'd at 9-15’, and eoiiiniou salt added to 
I the inoduct afler iliiutimi with water (Casaclla, 

I D. It.-l*. 8.“)(i5S). It I.s akso slated to bo formed 
1 when 1 : 5 (biiitn.iia|»lithaiene, dissolved in 
I 6 time.s its weight ot moiiohyilrate, is heated at 
il09' 1U) wiili ratlii'r more than twice its 
^ weight of 20 p.c. anliydro acid (llochst, D. R.-l*. 

; 1172r»8), but according to Kckstein tlii.s dinitro- 
I naphthalene is not .siilphi^uiti'd by ir>'25 p.c. 
j aiiiiyili'o-aei<l at 149', and at liigher temjiera- 
; liire.s or with .stronger acid i.s destroyed (Her. 
1992, 3.5, 3493). 

!d( III! fu ntmn. sodnuti salt forml 

needles, soluble in 12 parts of boiling water ; 
tlie (hlonde prisms, m.p. 118 ' (Iloch.st, l.e.). 

PiurliOii-'^.- Reduction coiuerts it into I : .5- 
diniiiiminujihtfiali n( ~'.\-si(iplioni(' and, but di¬ 
gestion with sodium sulphite or bisulphite 
solution gives a wlro-a-iaiphthi/lnmiwsvlphoyiic 
and. With niihydro-acid in presence of a 
r<*<hieing agent, a soluble blue ‘ internu'diato 
product ’ is olitaimal wliich yields a iwpkthaz- 
arimiilphovic and when boiled with water. 

(ii.) 1 ; 8 DinUronaphthaJene-3- (or 6-) sul- 
phonic acid is formed, togetlier with the 1 :5- 
diintro-ueid, when sodium najihthalene-,8- 
siiljihonate, di.ssolved m sulphuric acid, is 
dinitrated below 19 ', ami is jirecipitated by 
stirring the jiroduct into twice its volume of 
brine, the 1 : O-isomeride remaining in solution 
(tassella, D. R.-l*. 67017 ; Eng. I*. 6972 of 1891 ; 
J). Jt.-l*. 85058). It 18 also produced when 
i : S-diniironaphthalene, dissolved m mono- 
iiydrale, is sulphonated at lOO'-llO"' with twice 
Tits weight of 20 p.c. anhydro-acid (Hiichst, 
D. R.-l*. 117268; Eckstein, Bor. 1902, 35, 
3403). 

Jdrntificalwn .—^'J’bebanum. salt BaAa-l-5H jO 
soluble m 8*5 parts of boiling or 20 parts of cold 
water (Eck.stein, l.c ); the calcium salt CaAj 
-f 2 H 20 ; the potassium salt and the sodium 
salt NaA-r-llsD, soluble in 6-5 parts of boiling 
water, crystallise in needles. The chloride forms 
monoehnic prisms, m.p. 143’ 144'’ (llochst, l.c.; 
rj. Hellstrom, Forhandl. 1888, 10, 613). 

(lit.) 1 : 8 Dinitronaphtha!eDe-4- (or 5-) sol- 
phonic acid is formed when the moiiosulphona- 
tion product of a-nitronaphthaleno, consisting 
efiicHy of the 5-Hulphonlc acid, is nitrated at 

* If aulpimrcttecl hydrogen or antimony Buljihlde 
be used with tJie sulphuric acid, black dyestuffs are 
j formed, which Iiy interaction with sodium telosulphate 
I give violet shades (Badlsche, D. R.-P. 114264 ; Eng. P, 
1 890 of 1900 ; D. K.-P. 147946; Kng. P. 1864 of 1908). 

2 f 
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16°-20'’, and th^ 1: 8-dinitro-a<!id separated by i 
stirring the mixture into brine ((Jassella, B. R.!P. 
70019 ; Eng. P. 4613 of 1893). ] 

(iv.) 2:4- Dlnitronaphthalene • 8 • sulphonic 
ftCid is obtained 'when naphthasnltam or 2 ; 4- ; 
dinitronaphthasultam is heated with fuming 
nitric acid (Daniierth, J. Amer. Chem. Soc. I 
1907, 29, 1327). 

BlNITRONAl'lITHALENEDISITLrilOMO AciliW. 

(i.) 1 : ^-Dinitronaphthslene-S . 7-disulphonic 
add is obtained when s(>dium nai)ljthalone-2 : (i- 
disulphonato (or a-nitronaphthalone-3 : 7-tli8uI- 
phonate), disHolvod in nulphuric acid, is diui- 
trated (or nitrated) at 20'^-30°, and the jiroduct 
salted out ((/aHselhi, J). R.-P. 61174; Eng. P. 
1534() of J8!H); cf. Oehler, IK I\ Anm. 0.' J430 ; 
Bayer, 1>. R.-P. J2()198}. 

Reduction in r,ci<l solulion eon- 
irerts it into 1 : ty-diatinwinaphihiUni -W : 7- | 
disvlphomc, acid. When dissolved in mono- 
hydrate and heated at 60'^ witli a solution of ' 
sulphur in 20 ji.o anhydro-acid, it gives a blue 
mordant dyo of the najihthazarin ‘ intermediate i 
])roduct ’ type (Bayer, l.c.). 

(ii.) 1: 6-Dinitrbnaphthalene-3 : 8-disulphonic I 
acid, obtained by nitration of a-nitronaphthalenc- | 
3 ; 8-disuIphonie acid or of na]>hthaleno-l ; 0- ! 
disulphomc acid has not been characterised. | 
Reduction in acid solution converts it into 
1 : ()-dtamim>7ia7>/d//ah'W-3 : ^-(hxvlphomc. and 
(Friedlander and KiclbnsinsKi, Ber. 18!)6, 29, 
1982). 

(iii.) 1:6- Dlnitronaphthalene • 4; 8 • disul* 
phonic acid is obtained when sodium nu})h- 
tlialcno-l : ri-diauiplionato (or its mononitration 
product), dissolved in monohydrate, is dini¬ 
trated (or nitrated) below 30*^. 1'he jiriHluct is 
free from isomerides (Kallc, I). R.-l\ 7200.5), 
and on reduction in nirirl sohiiion yields 1 : (>• 
dtamiiuyiuiphihulnir-i : H-diffulphomc aad (Fried- 
lander and Kielbasiuski, ix.). 

(iv.) 1: 8-Dinitronaphthalene-3 : 0-disulphonic 
acid is obtained free from isomerides wlien 
sodium naphthalone-2 : 7-diHulphonate, dissolved 
in sulphuric acid, is diniiraktd at 20'’-30® 
((lassclla, 1). R.-P. 07002 ; Eng. P. 1742 of 1891 ; 
Bayor, 1). R.-P. 09190 ; Eng. J>. 11.522 of 1802). 
Its chloride is formed, togetlier with the mono- 
nitro-dcrivativo, by nitrating naphthalene-2 : 7- 
disulphonyl chloride (Aliin, Forhandl. 1883, 8, 
13). 

IdentificnUoir .—The horium salt BaA+OHjO 
prisms, and the qtalmsium salt needles, KjA 
from hot, or KjA f 4 H 2 O from cold solution, arc 
easily soluble. The chloride, has m.p. 219°; 
with 1 mol. it forms needles (Alen, lx.). 

Reaciiotvi .—Reduction in aend solution con¬ 
verts it into 1 : H-diamiJionajdiJhalenc-'A : 6- 
disnlphonir- aad, but digestion with sodium 
sulphite or bisulphite solution gives I-afwmo-8- 
vnphthoh^^-dwdphonic acid. Witli dilute 
caustic soda solution in the cold, it forms 
iodhim b'nitroA-ri.itrt'Mo-a.-naphthol '^: l-diml- 
pkonatc, but 4 : 6-dinitr(tsodihpdroxifiuiphtkalcne’ 
2: l‘dmilphonai€ if the solution be concen¬ 
trated. 

Tbinttronaphthalenes. 

Throe trinitronaphthalenes, the i : 2 : 5-, 
1:3:5-. and 1:4:5-der'vativo8, are obtained 
by the nitration of 1:5-dinitronaphtbalenc, and 


a fourth, the 1:3:8-derivative, by the nitration 
of I : 8-dinitronaphthalene. The constitution 
of these compounds has he'en determined bv 
oxidation to the respective nitrophthalic acids. 

Melting-point curves of the various binary 
and ternary mixtures of a-nitronaphthaJene, 
1 : 5- and 1 : 8-dinitronaphthalenes, and 1:2:6-, 

1 : 3 : .5 1:3:8-, and 1:4: 5-trinitronaph- 

thalones have been determined by Pascal and 
the results apjilied to the analysis of the products 
of tlie nitration of naphthalene (Bull. Soc. chira. 
1920. iiv.l 27, 388). 

( 1 .) 1 : 2 : 6 - nr f8-]TrinltronaphthaIene 

(Will, Bit. 1896, 28, 377) crystallises from 
alcohol in needle.s, m.p. 1I2°-113°. 

(n.) 1:3:6- or 1 a- |TrinitronaphthaIene 
(AguHir, Ber. 1872, 6, 373, 897) crystallises from 
alcohol in Rca]c;.s, m.p. 122°. 

(ill.) 1:4:6- or |y-|TrInltronaphthalene 
(Bcilsicin and Kuhlberg, Annalen, 1873, 109, 97 ; 
rf. Will, l.c.) ery.stalll.scs from chloroform in 
bright yellow seal'es, m.p. 1.5-1° (Aguiar, I c. 903) 
(iv.) 1:3:8- or f5-]Trinitronaphthalene 
(Hcilstein and Kuhlberg, In. ; Friedlander, Ber. 
JS99, 32, 3631). J'Tom the mixed dinitroriaph- 
thalencs obtained by the nitration of a-mtro- 
naiihtluilone (10 jits.), th«‘ greater part of the 
1 :6-derivative can bo separated by Kalle’s 
method as already described {v. 1 :'6-dmitro- 
naphthalene). The mother liquor contains 
mainly the ] : 8-dorivative, and, by the addition 
of a mixture of nitrie acid of sp.gi'. I *4 (3*3 pta.) 
witli siil|iliuric acid (10 ])t8.) gives a erystalbne 
separation of 1:3:8-trinitrona])hthalene in 
needles, m.p. 218° (Kallc, J). R-P. 1J7C38). 
It dissolves ill cold sodium bisulphite solution 
without undergoing change, but is uonvorted 
into niiroam.inomphihoj.'oilphotoc acids when the 
solution is warmed (Friedlander and Scherzer, 
(!bem Zentr. 1900, 1 .. 410). 

TETRANrrUONAPItTHALIONK.S. 

Five tetranitronaphthalenes have been de¬ 
scribed, three being obtained from 1:5- and two 
from I : 8-dinitronaphthalono: 

(i.) [a-lTetranitronaphthalene, which molts 
at 2.50° (Beilstoin and Kuhlberg, Annalen, 1873, 
169, 99 ; Aguiar, Bor. 1872, 6, 374); 

(ii.) 1: 2 : 5 : 8- or [ S-]TetranitronaphthaIene, 
which d(«’om]n>sos at about 300° without fusion 
{Will, Ber. 1896, 28, 369); and 

(iK.) 1 : 3 :5:8- or [y- [Tetranitronaphthalene, 
which melts at lf)4°-195° (Will, l.c.). 

(iv.) 1:2:6: 8-Tetranitronaphtha!ene, which 
does not melt below 300° (Bhar, Choin. Soc. 
'I’rans. 1920, 117, 1004); and 

(v.) 1:3 : (): 8- or [)9-]TetranltronaphthdIene, 
which melts at 203° (Aguiar, l.c. ; WiU, l.c.). 

ChLOROJTTTRO NAPHTHALENES. 

Inlroduciory.~By nitration a-chloronaph- 
thalene yields seven nitro-derivatives. Of these 
three are mononitro-a-chloronaphthalenes, con- 
: taining the nitro-group respectively in the a- 
positions 4, .5 and 8 ; two arc dinitro-a-chloro- 
iiaphthalenes with the nitro-groups respectively 
; in the a-poaitions 4 : 6 and 4:8; and two are 
j trinitro-a-chloronaphthalenes with the nitro- 
groups respectively in the positions 2:4:6 
I and 2:4:8. As in the cose of 4- or jp-nitro- 
I chlorobenzene^ those chloronitronaphthalenra 
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which contain NO, in the 4- or ^wra-position 
relatively to Cl exchange the Cl for the NH, or 
OH radicle by interaction with ammonia or 
caustic alkali respectively. 

By chlorination, munonitronaphthalene-a* 
flulphotic acids furnish chloronitroriaphthalenes, 
Cl replacing the SO 3 H group (Friedlandcr, Ka- 
ramessinis and Schenk, Iter. 1922, 55, 45). 

(i.) 4-Chloro-a-nitronaphthalene, hjnncd from 
4-nitro-a-naphthylamine by the San<l rneyor 
reaction (Franzen and Helwert, Ber. 1020, 53, 
320) Is obtained as chief product, mixed with 
some of the 5-chloro- and a small quantity of 
the 8 -chloro-a-niironaj>hthalene. when a-chloro- 
naphthalene is nitrated with nitric acid of sp.gr. 
1*4 in the cold (Atterberg, Bor. 1870, 9, 927; 
(iricsheim, 1). Jt.-l*. 120585). It crystallises in 
yellow needles, ni.p. 85 

llcadtojis .—Digestmn with 8 )i c. alcoholic 
ammonia at ITO"" cimverts it into A-ndro-a.- 
miphlhulautiw, and with solutions of alkali 
hydroxides, oarbonalc.s or a<rtates at 150" into 
4 - ndw • a ■ no ph thol. 

(ii.) 8 Chloro-a-nitronaphthalene is obtauu'd 
aa chief jiroduct, inix<‘d with 5-fhloro a-nitro- 
naphthalene (mp. Ill ) when a-niironapJith.il- 
Piie is chlorinated at 40-<>0''in the j)re.s<-nce of 
ferric chloride, and separnte.s as a ory.stalline 
magma from the product (Aktienges., 1). It.-I*. 
997.58 ; Ullinann and Consonno, lier. 1902, 35, 
280S). It forms nt'cdlos, in.p 9i''. 

}{itictio?t .—When heated with sul|)hunc acid 
at SO", it 1.1 converted into S-rfilo/o-a-fidro- 
wiphthahnc-Tj-snlphohir and, whereas 5-cliioro- 
a-nitronajihthalene doe.s not mulergo siiljihona- 
lion uiidei these i;otiditioii.s (Aktiengcs., 1). Jl.-P 

lt) 3980). 

(in.) 5 : 8 Dichloro a nitronaphthalene has 

also been prepared by ehlormutiiig a nitro- 

na] >htlialene in tlie presiMice of a carrier. It 
iiK'lts at 94 " and on rcdiKition gives 5 : H-dirliloto- 
a-wtphtlujlamiiu' (B.iyer. J>. it.-P. 293318). 

(IV.) 4-Chloro 1 :*3 dinitronaphthalene is the 
product obtaiiK'd when 2 : 4-dinitro-a-na]>hthoJ 
is heated with toluene-p suljdionyl chloride in 
dimethylanilino at 80". ft forms indi'sccnt 
yellow scales, m.p, 143 , and with aniline gives 
2 ; i-dinitro-n V'Ophfhi/lp/i( loy/umiwc (UUmann and 
Bruck, Ber. 1908, 41, 3932 ; 1). R.-B. 1993I8).* 

(v.) DichIoro-1 : 5.(iinitronaphthaIene, also 
ohioro* and dichloro J . H-dinitronaphthalene, 
have been prepar'd by (dilorinatmg the res])(‘C- 
tive dinitronaphihak'iirs in a fused static fti tlie 
prc-seme of ferric chlunde (Poliak, J). K.-P. 
134300). 

(vi j f-Chloro 1:3* 8-trlnitronaphthaIene is 
obtained, mixed with the 1:3: 5- derivative, 
when a-chloronaphthaliuio is nitrated with 
nitric acid of ap.gr. 1 *52, and sc])arate 8 from 
the product in hexagonal prisms, m^i. 143"-144\ 
The more soluble 1:3:5- compound, m.p. 
I18"-126", has not been obtained pure. IJoth 
yield the corresponding tnnilroa-7iAjphHiol‘> 
when h(!ated with dilute caustic alkali solution 
(Kindi, Chora. Soe. Trans. 1913,103, 1911). 


IV. Amino- Deeivatives. 

hUrodiicUtry.—The- circumstance that nitra¬ 
tion in the naphthalene series leads almost 
exdusively to the production of o- nitro- de¬ 


rivatives but Bulphonation readily to the forma- 
tioft of ^-Bulphonio acids explains why methods 
for the preparation of a-naphtliylamme and 
its sulphoiiic acids differ so completely from 
those employed in the cose of /9-compounds. 
a-Najilithylamino is obtained by the reduction 
of a-nitroiiaphtlialuno and several o 4 the a- 
na]>hthylaminesulplionio acids are formed from 
a-nitronaphthalencsulphonio acidH in the same 
way. iPii in the /9- series, cmly two jS-nitro- 
naplillmlene.sulphomc acids are obtained by 
nitration -riz. ilu' ;9-«itronaj)litJmIene-4 : 7- and 
4 : 8 -disulj)honic acids - and then only in rela¬ 
tively small amount, and it is to ^S-iinphthol, 
itself jiroduccd from naphthaIene-/9-sulphonic 
acid, that /?-miphthylamine and its derivatives 
owe their origin. /S-Naplithol, when Iieated 
with ammonia imd«‘r pres.sure with or without 
till' use of dehydrating agents, but much more 
easily and in gre.b'r yndd by fhgi'stion with 
ammominn bisiilpliite solution and ammonia 
At 100 -1.50'', isconveiLeilnito ^-iiaphthylamino, 
ami by t he usi'of Himilar nietlioils/9-naphth()l8ul- 
phonic acids witli certain exceptions, fiirnisli 
the corresponding jS ■ naplithylanimesulphonic 
aeids. 

The two naphthylaimnoH and certain of their 
siilphotiie acids are of nmeh ^‘i hnieal mijiortanoe, 
iM'ing largtdy used as first, middle, or end com- 
j)onent.s of azo- tlye.s: inoret>ver, the Rul]ilionio 
acids aie also used in the manufaeiuro of naph- 
t lK>Isulplionii- acids, aniinonaphtholsulphonio 
acids, or dihydroxynu])hthalencsulphonio aeids, 
wliieh find exten.sive employment in the pro¬ 
duction of azo- dyes. Tiio ihffenmeos in the 
mode of coupling with diazotisiMl bases in the 
two serioK has already been (lifieus-sed (a. p. 417). 

Amino NArnTH.4M',NES. 

NJK (i.) a-NaphthyJamlne {l-amino- 
/\/\ ruiphlhohne; naphihahdtim, nnph- 
Ikalidm') is formed by tlio reduction 
\/V a-mtroiiHj)htliaI(‘ne with alcoholic 

nminoiiium siiliihide (Zmm, J. pr. Phom. 1842, 
27, J41 ; cf. Pina, Annalen, 1851, 78, 31); iron 
filings and acetic acid (4eehamp. Ann. ('him. 
J’hys. JH54, fin.J 42, 195; Itallo, Ber. 1870, 3, 
288, 073); tin and hydroeldorio acid (Koussin, 
Cornpt. rend. IHOJ, 52, 797); zinc and hydro¬ 
chloric acid (liottger, Dingl. poly. J. 1870, 197, 
458); alcoholic potash (Klobukowsky, Ber. J 877, 
JO, 571); zine-dufti and aqueous calcium chloride 
(bechend, b. K.-P. 43230); or hydrogen and 
reduced copper at 330"-350" (Sabatier and 
SendiTens, (knript. rend. 1902, 135, 225).^ 

It is al.«o obtained when a-naphthol is heated 
with ammonia under pressure at 150"-] 00 " for 
00-'70 hours (Badischo, b. K.-P. 14012). The 
yield may roach 70 p.o. of that calculated if 
the naplithol be heal/ccl with ammonia-calcium 
chloride at 270" for 8 hours, but dinaphth^l- 
amine is also formed in quantities varying with 
the conditions employed (Benz, Ber. 1883, 16, 
14). Substitution of acetamide at 270° for am¬ 
monia gives a 50 p.o. yield of acetyl-a-naph- 
tliylamine, together with about 16 p.o. of di- 
naphthylaminc (Calm, Ber. 1882, 16, 616), but 
replacement of ammonia by sodamide at 220 ° 

' This procejw has not yet been developed for 
nltruiiaphthalene, altboi^h applicable to oltrobenzeae 
(r. art,, Aniune). 
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leads to the production of l-amino-5’naphthol i 
(Sachs, D. R-P1 181333). * j 

Preparation ,—On the largo scale a-naphthyl- i 
amine is prei)arod by reducing granulated a* ^ 
iiitronaphtlialene (l.^» pts.) with soft iron borings 
or ‘ swarf’ (20 pis.), hydrochloric acid (1 pt.),^ 
and waUT (10 pts.) at .'>0^-70'' in an apparatus 
similar to that used in the manufacture of 
aniline, but providod with a wide exit-piiio for 
the escaping gases instead of a condcnH(*r. For 
conijileto reduction, stirring for (>-8 hours after 
the introduction of the** nitroiiaphthalene is 
rcipiired. To remove the aiad, milk of liim* is 
added to the product, and tlic imphthylamino 
separated by distillation either in a vacuum or 
by tlH‘ aid of superheated steam, tlie vafiour 
being driven into the condenser as rapidly as 
pitssible. 'I'iio yield amounts to about 70 p.c. 
of that caleulat<‘d.2 'I'he cruder liasc is purified 
by a Hi'coiid distillation, but always contains 
apjireciable quantities fif naphtliaJeiU', owing to 
decomposition during the first distillation (Wilt, 
('hem. hid. 1SH7,10,218 ; Paul, A. angew. Cliem. 
1897, 10, 14.7), and of ^-naiilithylamine, the 
origin of which is nhseure (e. j3-nitronaphthal- 
ene). From ^-naplilhylamine it may be freed 
either by repeatial erystalli.sation from warm 
light petroleum, in W’hieh the ^-baso is the more 
soluble (Krdmann, Anuiileti, 1893, 277, 217, 
footnote), oi by warming it with 10 p.c. of its 
weight of xylene, allowing the homogeneous 
mixture, to cool and solidily, breaking up tbe 
solid mass and siqiarating the pure crystalline 
a-baso in a centrifuge (Weiler-ier-Mecr, 1). R.-l*. 
205076; ICng. I*. 1644r» of 1907). The residue 
left after cvajioralioii of the mother lupior to 
dryness contains both bases: if it is dissolved 
in hot dilute hydrochloric ucul, most of the 
a-bas(‘ si'parates as the iTystalime hyilroi-liloride 
on cooling, while from the iiltrate the 6-ha.se is 
preci]iitated as sulphate by the addition ol dilute 
sulphuric acid (VVeiler-tcr-Mi'or, he. ; cj. Hover- 
dill and Niadting. Sur la constitution do la 
Naplitaline, od. 1887, 37) 

/rfcnO./irfiOoiK -a-Naphthylamine crystallises i 
from most solvents in colourless scales or flat 
needles, melts at .70”,. boils at 300” (Zinin. /.('.), 
an<l is but little A'olatile with steam. It is 
easily soluble in alcohol, ether, or aniline, but 
almost insoluble in water, of which J(K) c c. dis- 


presenco of a small quantity of 1:8-diamino- 
naphthalene (Witt, he.). Its odour is character¬ 
istic and unpleasant. 

3'he salts are for the most part sparingly 
soluble in water. The hydrochloride B'HCl and 
the mitphaU' 2 H 2 O form scales; 

the plfdintch^ondc (Jl'lICI)jPt 0 l 4 is a crystal¬ 
line powder. 'I'hc picrate., forms sparingly 

soluble prisms, m.p, 161° (Smolka, Monatsh. 
1887, 6, 923 ; cf. Suida, Ber. 1908, 41, 1913). 

Rc'idu>HnS. —Diazotised, it forms the first 
cotnjionent of many a^o-dyos. It also couples 
with diazotiseil bases forming the middle or end 
eoiufionent of dimzo-dyea. From its diazo- 
conijiound, a-nnphlhol can bo obtained, and is 
aFo lormcd when a-na|)bthylamine hydro¬ 
chloride or sulphate is digested with water at 
200' By sui])honation it furnishes a scries of 
moM)-, di- and tn-sulphomc acids. Ki'duction 111 
boiliiu: amyl alcoholic solution with sodium 
converts it into wv.-t/trahydro-a-neiphlhyliminc. 
When liiMitecl with zinc chloride or calcium 
chloride at 280” it undergoes }>a.rtial decom¬ 
position into aa -dinajthllnjlamitu and ammonia 
(Benz, he ). 

(.>\i<li_se<l hy ])ota.s.sium dichruinate and ililutc 
suljiliunc acid it yields I : ■i-la-]fi‘<iph(/tnyinii'Onc 
and phthalic and (Moniiot, Heverdin and 
Nocltmg, Ber. 1879, 12,2306), but with oxidising 
ag<‘nts such as ferric chloridi*, silver nitrate, 
nicrciinc clilori<le, or chioiruc acid, its salts 111 
aqueous solniioii jmidiicv* an azure blue jirecipi- 
tate ol nit})hiiia»it‘in., which rapidly becomes 
piirpli', (lissolvi's in chloroform, and is not 
bUjached by sulphurous acid (1‘iria, Aimalen, 
1871,78,61; i<dui\,7l»d. 187'., 101,92; 1861, 
129. 2.77). 

! CommcrcKil —(.Vinimercial a-naphthyl- 

: amine slionld have the right meitingqioint and 
(li.ssolve iiliuosl/ <-oinplctely in dilute acids, 
'riie })ro])ortion of na])hthalene jirescnt can be 
; determined by distilling the sample with excess 
of hydrochloric ucid in a current of sU'iim and 
extracting the distillate with other. 

Acyl Dericalices 

^Pormyla-naplithylamino, obtained by 
boding a-naphthylainiiie with 16*3 p.c. formic 
acid 16'2 pks) for half an hour, crystallises from 


solve only about 0d()7 gram at the ordinary 
temperature (Ballo, hr). On exposure to the 
air, the technical ])rodiict changes colour gradu-, 
ally to greyish-violet, owing possibly to the 

* Various cxplivn-itinns liavi* hern given of the 

process ol rcilnctiori In water. Iron, niul rel.'itivcly 

verv stnall (jiianHlics ol ludrochloric a<‘ui arc used 
(rf.‘Witt, / c ; Wohl, Per iyi)4, 27, IWC . JUikow, 
Z. angew. Cliem 1016, 29, 1 . 197). Ansmlmg to 
Jlalkow, the ‘ activating ’ influenire of salts ot heavy 
metals on the mteructlon of metals with w.ater Is the 
underlying principle of tliB mode of reduction ;— 
8Fef0HOl + C,„U/N()2-»3KeCl2^2ir2<) I CioHj'NHa 
3FeGl24 3HjO~>f3Fe(On)2-l GHOl] f 3Fe-f (JioU.-NO^ 

->3Fc(OH) 2-I aKet'lj 4 illaO-f (JmllyNHj 
The hydrolytic decomposition of the ferrous chloride 
brings a further nuantity ot iron into solution and an 
equivalent quantity of ferrous chloride is legenerated. 

* Other processes for the reeoverv of the hiisc have 
been devised In which either the iron and Iron oxide 
are removed elcctTomnimetlcaUy from the reduction 
product fused at 50''-ti0'’ (Landshoff. D. It.-P. 8351)0), 
or the reduction product is extracted by a relatively 
small quantity of a solvent, such as benzene (Landshotf, 
D. R.-h 184497). 


water ill needle!?, m.p. 138'5° ('robias, Ber. 1882, 
17, 2447). 

A f'. e t y 1 - a-n a p h t h y 1 a m i n 0 (aerf- a-naph- 
thalide.) is formed by heating a-riaphthol with 
aipmonium acetate at 27U'-280° (Calm, Ber. 
1882, 1.5, 617), and prepared by boiling a-naph- 
thyiaraine with 1-27 times its weight of glacial 
acetic acid for 4-7 days (Liclicrmann and Dittler, 
Annalon, 1876, 183, 229). It crystallises iu 
needles, m.j). 179°, is easily soluble in alcohol 
and acetic acid, and dissolves moderately in 
hot but iH almost insoluble m cold water (Lieber- 
nianii and Dittler, he. ; 'J’oinrnasi, Bull. Soc. 
chim. 1873, [li.] 20, 20). 

Reactions. —Nitration converts it into a 
mixture of '2-mtro- and 4-niiro-ac4slyUa-naphihyl^ 
amine and finally into 2: i-dinifroacetyl-a- 
naphthylaminc. By sulphonation with warm 
20-27 p.c anhydro-acid it yields chiefly ar,etyl-a- 
naphthylamine-b-snlphonic oci'ii,^the 
acid being the minor product, but with 35 p.c. 
anhydro-acid below 30° the 6 : 1-disulphonic add 
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is obtained.^ In acetic acid solution with 
chlorine it gives acetyl-'l : A-dichloro-a-miphlhyl- 
amine ((Tevo, Bor. 1887, 20, 448), but with 
sodium chlorate and hydrochloric acid ncdyJ-A- 
chloro^a-naphthylanmi^ (Rcverdin and I'r^pieux, 
Bcr. 1900, 33, 682). 

Alkyl Dcrimiu €■'<. 

M e t h y 1- a*n a |) )i t h y 1 a m i n e, obt a i i io<l by 
boiling a solution of fonnyl-a-naphtliylaninie in 
xylene with sodium (1 at.), adding methyl 
iodide (1 mol.) and ha)K)nif\nig tJie methyl 
derivative by diliili' suijiliuric acid, is an <nl, 
b.p. 293" (PischcT, Aiinalcii, J89r>, 286, 139; 
cf. LandhhotT, Ber. 1H78, 11, 638). 

Jleaclioua .—It has been used as end coni- 
jionent in certain d/.s(/:t>-dyes {<■/. ('ussella, 
1). K.-P 71329). The \-{<iiliihoiiic a<i(l can be 
jirejiared from a-na]*ljlhoI-4 siil]»honic and by 
interaction witli metliylanniK' .and nietiivlamnu* 
bisulphite at 1.30" (Ihulische, 1). 121683; 

Eng. 1*. 1872r» of 1900). 

i)imcthyl-a-nu|ih1 hy ianun^, obtaiiual 
by heating (i-naj)litliylaininc hydrochloride uith ' 
methyl alcoliol (2 niols.) <lunng 6-S hours under 
pi’cssuie at 170 is an oil, h.p. 272 ' 271 , s|i gr. 

1 0423 at 20" (Fnedlander and Welinans, IhT. 
1888, 21, 3124 ; cf. Pinnow, Ih'i.- 1899, 32, 
140ti). Its ‘'kJonh. mho- and /oPo\o- dci ivativ(',s , 
have Ir'cii descnlied ; the in'drocliloiide ot the | 
•uitroso- derivaliv<‘ decoinpo.^is into /rd/o-vo-a* 
nnphihol and iliinetliylaiinne in a(|iieous or 
alcoholic solution. 

Umdioji^v- -liy sulphoimtion with 95 p.c 
sulphunr acid at 130' it fuiinshes (Intudiyl-a- 
tmjihihyUnmni -5 suljihomc IIA4- 

sparingly soluble scales, together with an easily 
soluble isoiuerido (I'4issgunuer, Bor. 1902, 3.3, 
977 ; cf. Eriedlaiider and VVelnians. I.c.). He- 
ductnm in boding amyl aleotiol .s(4ution by 
sodium conveits it into •dr.-filrahydrodi/iuiliyl a- 
-naphlhylaminc. 

Etbyl-tt-iiaplithylaniiiie is an oil, b.p. 
303"under 722*5 mm. (FiK'dl.indm and ^VelmaMs, 
hr.), 325'^-330'’>indor 776 nim. and 191' ynihr 
16 mm. (Morgan and MiekletJiMait, ('hem. Sue. 
'I'ninH. 11M)7, 91, 1516), winch, on icduelion in 
boiling amyl aleoliol solution with sodtuni. 
furnishes ar -ictra/nfdro,'t/iyl-a-iuiphihylumiiu\ 

I>iethyha-na])h t h y ] a min o, obtained by 
heating a-naphthylamme with caustic soda 
(2 mols ) a little waiter and ethyl broiaide or 
iodiile (2 mols.) at ]10''’-120”, and separated* 
easily from the (luateniary eomjioutid, m.p. 
98"-l00‘^, also formed, is an oil, b.p. 2H3' 28.3 ', 
ep.gr. l'()05 (Friedlaiidcr and Wclmans, Ic.). 

Aryl Dvrivatirof. 

Phenyl-a-naphthylanun^ obtained by 
beating a-naphthylamino with aniline hydro- 

^ Acetyl-a-7uii>htliylanitne-‘J,’, 4-, 5-, (»-, 7-, mid 8- 
tulphonxc ncidf!, and 3 . l>-, 4 . IS-, mitl 4 ; l-dutulphonif: 
arwtif can la* jtrcpaml Ipy heatmif solutions of tlie 
Bodiura salts of tlic respef’tivea-napht.tiy’.ninnesulphonic 
adds at 50”-('0' with acetic anliydrule for u f<;w 
mlnuUa (Hoclwb. 1). ll.-J*. 129000; Piik. P. 17300 of 
1898: cj. Nlctzkl and Zubeloii, Bcr. 1880, 22, 4.')1 ; 
Cassella, I). K.-P. 74177; Knp. P. l.'»44i of 1893). 
liotli acids and salts are very soluble in water, and 
each acid can be de-acetylated by boilinR it witli water. 

* !dethyl’a.‘napttiMylaTiune'^' and ^-mlplionie acids 
and dir^iyUar^phUiylummc-A-, 5-, 7*. and %-sulphomc 
aeidB, prepared liy metliylating the correspoudluR o- 
naphthylaminesiilphonic adds, tiave been described 
(liusag&nger, I.c.). 


; ci^oride at 280® for 36 hours (Girard and Vogt, 
Bull. Soc. chim. 1872, [ii.J iH, 68 ; Stceiflf, 
Aniialen, 1881, 209, 152), w more conveniently 
prepared by heating a-naphtlud (I mol.) with 
aniline (2 mols.) and anliydruus ealcnun chloride 
(I mol.) ill an autoclave for 10 hours at 280"-- 
3(>()'' {Fnedliinder, Ber. 1883, 16, 2077; rf. 
Katayama, J. Soc. ('hem. Ind. 1917, 36, 86.3). 
A yield of 8.3 p.c. is said to bo obtained when 
a-naphthylamine is heat<*d with aniline (1 mol.) 
and 0*5 [tx. ot iodine at 230’-2.30" for 8 hours 
(Knoll, ]). H -J*. 24f853 ; KmH*v(uiag<“l, .1. jir. 
('hern. 1914, In.) 89, 20). Jt ei^.staihses m 
])nsms, m.p. (i2 ', b.p. 33.3" under 258 mm. or 
226" under 15 nun., i.s insoluble in dilute acids, 
and Couples with dia/.oti.sed bases as end com- 
juiiKuit 111 disiizo- dyes (cf. Bayer, i). K.-H. 
4892t ; Eng. H. 14442 of 1888). 

o-'l’oly J-a n a p hthy la m me, obtained by 
using o-toimdim instead of aniline in the fore¬ 
going inediods, fnrms needhs, m.p. 94'’-9G", 
h.p. l98'"-202'' under 9 mni. (Fnodlander, he.; 
Knoll, I c ), 

p-T oly 1-a-na plith yla m i lie, also t^btainod 
Hinniaily by tlie use of yotoluidino in place of 
anilnu*, forms {irisiiis. ni.p. 78' 79 ', b.p. 360" 
under 258 nun., or 236" under 15 mm. ((.iirard 
and Vogt, hr.: I''n(sllanfl(‘i, / r. ; Knoll, I r.). 
It eou])li‘s with dia/.otised bases as end eom- 
])(itu‘iit III dis«ir.<»-d\vH (fj. Bayer, !). H.-B. 
49808; Eng 1\ bl442 of 1888) 

Ary l-a-naphthylami ncsulphonic acids. 
Of these derivatives, the phenyl- (o- or p-tolyl') 
3-, 4-, 5-, 6 -, 7-, and V<-nidplt(>iiic ocidu have been 
prepared by beating the corresponding a- 
naphthylamineHulphonie acids with aniline 
(o- or ;)-t<ilujdiiie) and its hydrochloride at 160"- 
170 . 'I’he acids aro very sparingly soluble in 
water; t he sodium salts crystallise in scales, 
and. wjtii the exeejition of the 3-, 7-, and 8 - 
; sulphonat(\s, aro sparingly soluble (Bayer, 
1). li. W 70349, 71158, 71168; Eng. H. 7337 a 
of 1892). 

Among tlio tt-najihthvlamino-di- and tri- 
sulphonie acids, aryiutioii nas l>c*cn confined for 
ilu^ rnosi part to those which contain one of 
tlie SO 3 H groujis in the«aine nucleus as and in 
eithej* the 3- or the 4- ])osition relatively to the 
Klfa group. With these acids :— 

(»/) if the SO 3 H group bo present in the 4- 
position, it IS exchanged for hydrogen. 'J’hus 
the a-naphthylamine- 4:0-, 4 : 7-, and 4 : 8 - 
disulphonic acids by arylation furnish respectively 
the phenyl- (o- or \i-tolyl-)a-nfiphlhijlami7be-(S-f 
7-, and ‘6-monmulph)MC acid^ (Aktienges., 
1). R.-H. J58923; 159353 ; Eng. ih 15624, 
24669 of 1904). « 

( 6 ) if the 80311 group be present in the 3 - 
position, it IS e.Kchangcd for an arylated NH^ 

I group. 'I’hiis the a-nai)hthylttmine-3 : 6 -, 3 : 7-, 
and 3 : 8 - disuljihomc aeiils by arylation yield 
respectively t\\iidiph('nyl-(di-o- ordj’-p-fe/y/)-l : 3- 
‘ d\(iin,inoiMphihal(‘iyi-()-t 7-, and H-inonosulphonic 
acteki (Bayer, L>. K.-P. 75296, 76414 ; Eng. P. 
8898 of 1893). 

I a-NAPirraYLAMINESULPHONIC ACIDS. 

I Introductory. — a • Naphthylaminesulphonic 
acids can be prepared by the following general 
methods, of which the last two are technically 
unimportant: 

(1) By sulphonation of a-naphthylamine. 
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(2) Bv nitriition of naphthalenesulphonic 
acids and subsequent reduction. 

(3) By sulphonation of a-naphtbylaraine- 
sulphonic acids obtained from nitronaphtlialone- 
Bulplionic acids. 

(4) By heatinj' a-naplitholsulphonic acids, 
other thjtn those which contain siiljjhonic groiijis 
in the 2- or 3- position, with amniooMini sul¬ 
phite solution and ammonia at KX)-’ 150'^, and 
afterwards acidifying tlie pn>(hn*ts (e p. 4 hi). 

(5) By heating a-chlorona]>hllia]eiicsnlplionic 
acids with ammonia under picNsure. 

(()) By jiartial hydrolysia of a-riaphthylamine- 
di- or tri-sulphonic acids. 

'J’wo of the monosuljdionie aeids are obtained 
by incthods applicable only to them ; 

(o) a-Na]dithylamine-4-sulphoriic acid, one 
of the three nionosnljihonic aeid.s formed from 
a-naphlhvlamine by sulphonation, is <d)<ani<‘d 
mi^ed only with a sinall amo'unt of the. r)-sii)- 
phonie acid by ‘ baking ’ the acid sul])hate of 
a-naphthylamine at 180’-200'": 

NH-SOjir Nil, 

AA AA AA 

I i j ill I i ! 

vv vv VV 


NH, 
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Although III the sulphonation of naphthyianiine, 
its entry into the mcdeeule is delayed until 
, tri.sulplionalum oceans, yet if introduced early 
(”. s?/pra) the 2 -snl|>honie group ir retained in 
posit,am when a-naplithyJamine- 2 -suljihonic acid 
; interacts witli sulphurie acid 


Nil, 

AAs 

VV 


•SOjU 

(/>) a-Nu]>hthylamine- 2 -Kulphonie acid is the 
only inonosulphonic acid formi'd when sodium 
a-naphthylsul))hamat (5 or sodium a imjihthyl- 
anune- 4 -sulphoiiat 4 ; ih heaUal at about 2 (K>'": 


Nii, 

AAs 

A'v 
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sAA,s 
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AA 


NH-SCKNa 

-» (^|A 8 (),Na 

VV vv' VV 
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The yetirrtil mdh<i<1y the Hul()honation of 
u-naplitliylamine, leads to the formation gf 
three mono , three ili-, and three tri-sulphonic 
acids. 'J'he composition ol the suJjihoMation 
product depends on the four factors, eoneentra- 
tion and relative (jufntity of the siilplmru! acid, 
and tompcratiire and duration of the reaction ; 
but Erdmann has shown that it la possible to 
obtain, as (dnef juocluct, suecessively th(^ 4-, 5-, 
and G-niotiosnljihonic aeiil by ])rolonging the 
reaction without altering the temperature or the 
conecntralion of the sulphuric acid (Annalen, 
1893,275,1112; r. p. 413): 


'I’he sciovd and third <j<)ural aa///of/.s afford 
a means whereby several of (Ik* mon; imjiortant 
j acids, those (-ontrinuiig a sulfilionie grou[> in the 
I 8- or jori- ])osition, can lie olitamed. For the 
I jirodiudion of su'di ac’ds, nitronaphthalene- 
j sulphonie acids of cones]KiiKhiig constitution 
j are redueecl in weak acetic acid aoluliou by iron, 
j and in (urn these acids b}'^ .snljihonation or 
I desiilphonation may furni.sh rt-iiajditbylaininc- 
suljiliojiie acids not obtainable in other ways 
'J'hu.s the ::-sul]>]ionic acml. like the 3 ■ 8-di.sul- 
])honio acid, arises from a-intronajiUthalenc* 
3 ; 8-disulphonie acid 

W NO, 8 NH;. NH, 

AA A,A A A, ■ . 

v'v^ vv^ vv® 

and can be further sulphonatod 
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From the scheme wdiieh indicat<‘8 the constitu¬ 
tion of the products obtained by sulphonatin«T 
each of those three acids it will bo seen— 

(i.) that the 2- position is not occupied in 
acids I, II, and 111 until trisulphonation occurs : 

(ii.) that entry of the sulphonie group into 
the 3- or the 8- position does not take place : 


NH, 

CO- 

8 
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NH, 

sAA 

'vv 
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NH, 

sAAs 

VV 
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, Th^ limit of sulphonation is reached for ino.st 
of the a-naj)htliyiaminesulphonic acids when 
trisplphuiiation has been effected. 'J’wo excep¬ 
tions only have l>pen observed to this rule and 
in each the tri.siiljihomc acid which undergoes 
further sulphonation : 

(a) is prepared, not from a-naphthylamine, 
but by reduet'on of the corresponding a-nitro- 
na])hthalene -3:0:8- or 4 : 6 : 8 - trisuJphonic 
acid, and 

(fi) contains one SO 3 H group in the jiert- or 
8 - position relatively to the NH^ radicle. 

The tetrasulphonation product from either 
source i.s isolated from the sulphonation melt 
as a naphthasultamthsulphonic acid: 

HO3S NOj HO3S NHj 

AA . 

si I ol M 

®VV ®VV 

s s 


0,8-NH 
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VV 
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owing to the formation of the ^n’-aiAydride or | 
Bultam, dehydration in the ^ri- position being a i 
property which characterises both tri- and tetra- | 
Bulphonic acids of this type. j 

From solutions of the alkali monosiilphonates j 
the acids are precipitated, but from those of the ! 
di- and tri-sulphonates, acid salts separate on { 
the addition of a mineral acid, A comparison > 
of the relative strengths of the monosulphonic i 
acids shows that the 2 -acid is about 10 times ' 
as strong as the 4-, 5-, G-, or 7-aeid, and about! 
2000 times as strong as the 8 aeid (Erdmann, 
Aiinalen, 1893, 275, 270). 



A volumetric met hod for estimating a- (or )3-) 
napljtliylanunesulphonic aeids, based on their 
different capacity for absorliing bromine has 
lieon devised by Vaubi'i ((’hern. Ziat. 1893, 17, 
1205). Mf* 8 t of tliesi^ aeals ean be estiinatc'd 
accurately by titration with tiui/.oli.sed p-nilr- i 
aniline (Bucherer, c/. J. Sue. Chem. Inch 1907, ! 

20 , 818). j 

a-Naphlhylaininesulphonic acids arc used for ; 
the foUow'ing purjioses - I 

Converbion, xnlo a-'unplithohulphonic acids — ' 
'I’he exchange of NHj for Oil is effected not [ 
only by the dia/.o- reaction or by the bisul- 
jihite methotl {v. p. 41()), but in certain cases ■ 
iiy heating tlie aeuls with water at 180'- 200 j 
under pressure This reaction takes place most ' 
readily when Hulphoiiic groups are present m 
the same 'uudeus as, or in the 8 - position 
relatively l<', the ammo- group, and, as the 
example shows, llie amino- grouj) is replaced 
more readily than tho a-suiphoiiic group by 
liydroxyl. 


It may bo noted that tho a-najihtliylainine- 
4 ; ()-, 4 : 7-, and 4 : 8 -diMij)plionie aoida, when 
heated with uniliiio or p-toluiiliiie at 180', 
fiinnsh aryl • a • naphthylaminemonosulphonic 
acids by elimination of the 4-8uiphonic group. 

('oitr» iiitf diamuamu))htluiUneJiulphonic 
acids ,—The oxenange of SOjIf for NHj takes 
place only when the acid contains a 3-sulphonio 
groiili, tht“ 1 : 3-diamintmaphthaleno donvalivo 
being jiruduced by interaction of tho acid with 
ammonia at 180'’. Aniline and p-toluidine 
fumiNli 1 ; 3-diaryl donvaUvos iindor these con¬ 
ditions. 

Praduciam of aco-dy/CiV.— Diazotisation of the 
Huljilionic acids proceeds hoimally, oxcejii in the 
case of a-naphthylaimno 2 -sul])lionic aciiis which, 
as already indicated, yield diazo-oxides by 
excliange of the 2 siiljihonic grouj) fur OU in the 
absence of mmi'ral acid (e. p. 418). 

Azo dyes of two types, yxwa- and ortho-, ean 
be obtained from a-nafilithylaminesulphonio 
aeuls of upprojinatc constitution by eou])Img 
with diazotised bases. When the jxii'a- jiositioii 


S NlTa 

A A ——> 

1 wat^T 

VyS at 200 '> 


/\/\ ' ' »- > 

] NaOH 

\j\j^ fusion 


; is oceupie.d only by hydrogen /wtm-azo-dyes uro 
I formed, oxcejil in the case of the 3- and 5-niuno- 
j Huljihome acids, when or/yio-azo-dyes may also 
! bo obtained ((lattermunn and Schulze, Ber. 
'«i897, 30, 50; Clattermann and Liebermaiin, 


Coni'crsion into a-a rn i u-atia phththulphonic 
acids .—The cxcliange of SOgli for Oil is achieved 
either by digestion of the suljihoiuc aiud with 
concentrated caustio soda solution at 18Q''-250® 
under pressure or by fusion witli causlm soda at 
18U''-250''. As is customary, sulplionic groups 
in a- are more easily replaced than those in 
positions, and of groups in a- jiositions, when 
there is a choice, that in the 8 - po.sition is the 
first to bo exchanged. Acids containing a 
3 .sulphonie group are decomposed caustip 
soda at high temperatures furnishing hydroxy- 
toluic acids. 


Aunalcn, 1912, 393, 198 ; v. p. 417). 

Formilwn of rarbamidcs.—Oarh&midon are 
formed from the 3 : 0- and 4 ; 0-di- and 3:0:8- 
: and 4:0: B-tri-sulphonic acids by interaction 
with nitroarylacyl chlorides fl or 2 niols.), re¬ 
duction and condensation with phosgene, 
2X-NH2-»2XNHC1()UNOj 
->2X-NlI-CU-K-NHj“^|X-NH-(X)-R‘NH],CO 
(where X'NlIg is the iiaphthylanunesulphonic 
acid and NUa'Il-CXi-Cl is 7 /i-nitrobenzoyl or 
other nitroarylacyl chloride), wliich aro said to 
be used in tho production of dyestuffs and for 
the destruction of animal parasites* (Bayer, 


Conversiori into a-najddhjlaminesulphonic 
acids centaiving a smaller numher of siilphontc 
groups .—The exchange of 8 O 3 II for H is 
accomplished by the aid of sodium amalgam 
in the cold, or of zinc-dust boiling dilute 
caustic soda solution, or of boiling 75 p.e. 
.sulphuric acid. Groups m a- positions are 
the first to l>e eliminated. While the 8 -sul- 
phonic group is removed most readily by the 
first two of tliese desulphoriating agents, hydro¬ 
lysis by means of sulphuric acid leads prefer¬ 
entially to the elimination of the 4-eiilphonic 
group. 

The reactions summarised in the three pre¬ 
ceding para^^lniphs may be illustrated in the 
case of a • naphthylamine-4: 6 : 8 -trisulphonio 
acid;— 


D. K.-P. 288273, 289107, 289270, 289272). 

a-NAPHTHyLAMlNKMONUaULPHONIO AciDsA ^ 

(i.) a-NaphthyIaminc-2-suIphonic acid is ob¬ 
tained by heating sodium a-naphthyiainine-4- 
sulphonato (naphthionate) at 200'^-250’, but 
owing to the imperfect distribution of heat 
throughout tho mass, tho yield does not exceed 
50 j).c (I>andshoff, 1). R.-P. 50503 ; Eng. P. 
0195 of J890 ; cf. Erdmann, Annalen, 1893, 275, 
225). If, however, the naphthionate, suspended 
in 'boiling naphthalene, be heated at 180®-230‘’ 
for 2-3 hours, and the naphthalene afterwards 
removed by distillation with steam, the yield 

1 In every case where the couatltutlon of aii 
u-napfitJiylaminosulphonlc acid is given, tho NHj 
group is suppCMied to be In tlie position * 1.* 
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is almost quantitative, and the product contains 
as impurity onlye snmll quantity of o-naphthfl- 
amino (Bayer, J>. R.-P 72833). 'I’his acid is also 
formed when a-najibtljylamine ih heated with 
Bulphanilic acid or its homologues at 180''-2r)(»“ 
('Bayer, V. R..P. 7/)31»); or with a'liuphthyl- 
amine-4- or /J-naphthy]aniino-8-suInhoiiic acid 
at (Payer, J). K.-P. 771J8; Kng. P. 

21J39 of 1892); or when a-naphthylsulphamio 
acid is heated at I70'-240'' ('I'obiaH, i) K-P 
79132; Kng i\ 15007 of J894). 

Idcniijicatiov.- 'I'hc amd crystallj^es in 
noedlcH, Bolublc in 244 parts of water at 20^ or 
in 31-3 ports at 100^ (Doln^ski, Iter 1905, 38, 
i83(»). The Oam/w. BaAo + H/) and calnum. 
(-aAj salts form sparingly soluble Ki'ales; tbe 
])ot(ii!.sivm salt KA, needles .siiaringJy soluble in 
cold water ; tfui .wdium salt NaA, scal(‘s soluble 
in 10 parts of boding or 00 jiarte of cold watei. 
It is convertiblt! into a-(lik>ioiiniiiilli<ili 
mlpkonyl chhndt, needles, ni p. 80 , and 1 : 2- 
dichloromij)hfhalcm (t3ev*>, itei*. J89I, 24, 3472). 

Itcactioihs .—Krom its B[)armgly soluble duizo- 
coniptnind, a-n(tp/ithol-2:svlpfiotur ncid lias B'cii 
obtained. Nitration converts it into 5 mlro-a- 
7MpkthylaTnine,-‘2-sitlpfioinc ncid. On suliihona- 
lion witli 10 p.c. anhydro-aeul in the cold it 
yields a-n<i‘phifii/lniiiin4 -2 : H-dtsnlp/ioi/ic ncid. 

(ii.) a - Naphthylaraine - 3 - sulphonic acid 

(t7rfv’.s [y]actd) (jan be obtained by tb(' re¬ 
duction of a-nitrona})bthalene-3-sulpl)onic acid 
witli ferrous sulphate (t'leve. Iter 1880. 19, 
2181). It is also formed when sodnim a-naph- 
thy1ainine-3: 8-disuljdion<ite is boded w'ltli 
75 ]».c. aulphune acid (Kalb*, 1). H.-P. (51979), or 
With zinc-dust and dilute caustic .soda solution 
(KalJe, 1). R.-P. 233934), oris reduei'd cither by 
fludium amalgam in the <-(dd (rriedl.utdcr and 
Luclit, Ber. 1893, 20. 3032; Bayer, 1). R.-J\ 
2o5724 ; Kng. P. 28172 of 1911) or elect lolytic 
ally (Bayer, 1). R.-l\ 21S.527 ; 251099- Kna P 
28173 of 19JI). 

Identijicotion. —'J’he nad forms sparingly 
soluble needles; (lie hanum salt BaAo + ll^O 
forms scales and, like the ccJviKtn, iioUtssnirn and ^ 
i'lodiuni NaA salts, is v<-ry soluble iii water : 
(Clcve, Bor 1888, 21, :}271). It i.s convertible , 
into a-cfiloroiKip/iihftl(v(-‘S;SH{pfiou.i/l clilondr, ; 
]>risins, ni.p. 100", and 1 I'^-diclihmuiaphthnUm 
(Clcve, I c.; Armst rong and Wynne, Cliein. Noe. • 
Proc. 1895, 11,240). 

RcacfiVjw.—It couples with diazotiscd bases ^ 
a.s the middle component of di.say>-dyoH, but has 
been little used for this piir]K>se. From its 
i/n/co-oofnpound a-'fUipfttfiol-‘,i-.9iilp/i<rmc <ictd has 
been obtained. Fusion with eaustie alKaJi at 
250"-2(i0° gives l-amuio-'.i-miphfhol. Digf^stu.n 
with (K) p.c. caustic sixla solution at 250"-280" 
furnishes odoluic ncid (Kalle, D. R.-P. 79028), ' 
but with ammonia at 180" gives 1 :3-dm/Hi?io- 
miphthakne or witli aniline at 170° diphenyl- 
1 : ^'diaminonaphihith ur. By sulphonation with 
20 p.c. anhydro-acid in the cold, it yields a- 
'naphthylamine-'^ : 5-d%sulphoiiic acid. 

(iii.) a-Naphthylamine - 4 - sulphonic acid 
{mphlhionic acirf), mixed with a-najihthyl- ; 
Bulphamio acid, was first obtained by boiling 
a-nitronaphthalene with ainmomum sulphite in 
alcoholic solution (Piria, Annalen, 1851, 78, 31). 

' Blazobeuzeiit* chloride is an exception [cf. Outter- 
mami and Sclmtze. Iter. 1897, 30, 54). With diazotiscd 
p-nitrauiline oouplina takes pla<-c in tlie ortho- position : 
(Gattermann and hlclierinann, Aunulcn, 1912, 393, 200). ' 


It is formed together with the more soluble 
5-suIphonic acid, when a-naphthylamine is 
Bulphonated with ‘ fuming ’ sulphuric acid {cf. 
Krdmann, Annalon, 1888, 247, 315), and con¬ 
stitutes the sole product when it is heated with 
4-5 times its weight of suljihurio acid at 100 - 
120", or witli 3 times its weight of sulphuric acid 
at 130" untd the product is soluble jn alkali 
(Witt, Bcr. 1880,19, 57, 578 ; (/. Verein, Eng. P. 
2237 of 1883). Mixed with a small amount 
(3- 5 ii.(.) of the 5-sulphonic acid and some un- 
cliaiigcd a-najilithylaminc, it is obtained by 
‘liaking’ acid a-naphthylarmne anl])baic, or a 
mixture' of a-naplithylanunc and Nidphunc acnl 
in the proportion to form this .salt, at 180"-200" 
jin'fciably in a vacuum (Nevilc and Winther, 
Cla-m. Soo. Trans. 1880. 37, 032 ; Verem, Lc. ; 
Paul, 'L angew. Clu'in. 1890, 9. 085), or by 
lieating a-naplithylaminc with 3 tmu's its weight 
of potassium hjsiilj.liatc at 200" (Biscboif and 
Brodsky, Bcr. 1890, 23, 1914). It is also formed 
from a-iia]ilitliylaminc-4 : 8 -disulphonic acid by 
reduction with zinc-dust and boiling dilute 
eau.stic s(Kia solution (Kallc, D. K.-P. 2335)34), 
or with sodium amalgam in the cold (Bayer, 
1). B.-P. 255724; Kng. P. 28172 of 1911)' or 
i-lcctrolytically (Paver, i). R.-P. 248527,251099 ; 
Kng. P. 28173 of 15)11). 

'1 Ills acid also is tbe piotluct wla-n tlio 
bjsuljihitc method is upjilicd to sodium u-najih- 
tlioM.suljjhonatc (Badisi-lio, \j. R. 1 », 117471; 
Kng. P. 1387 of 1900; ,■ p. 4J(i); or when 
sodium a - chloronajilithalcn'' - 4 - suljfhoiiate is 
beuted with 25 )> c. ammonui .solution at 200"- 
2l0"(()cJdci, j). B.-|>. 7233(.). 

iWjiaintion-Fnsvi] a-imph 1 h\laininc (.50 
kil.is.) IS stirred nitr. siilpburic acid' ( 3 t >-5 kilo.s.) 
and tlic mixture heated at 170-JH0" until a 
Iioniogi'iicous mass is obtained. Crystallised 
oxalic acid (2-5 kilos.) is then stirred in, and tbe 
frothy ma.s.s, spicad on l<*a(len trays, is heated in 
an oven at 170'-18()‘' duiirig s'hours. Whmi 
cold, the porous, gicy product is ground to a 
powder, extracted by liot mdk of lime, the 
hltratii jucoipitated by liydroeliloric acid and 
the waslied piecijiitatc converted into sodium 
salt. ((>4 kilos.). kShould the salt still contain 
a-na,o)ithylaminc or the 5-.su]phonate, the former 
may bo extracted by solvent na])liiha, and the 
latter removed by fractional orystaIli.sation 
{ij. Nchultz, Chem, d. Steinkohlonth., 3 rd ed. 
1 . 202 )., 

I Jdrhfijicaiion. —'J'he acid forms 

small lustrous needles, which dissolve in 3225 
parte of water at 20°, or in 4.38 parts at 100" 
(Dolinski, Bcr. 1905, 38, 1830). The banii/n 
salt BnA 2 + 8 H 20 in scales, Cdlcium salt 
t'aAg-fHlljO in monoclinic tables, jKdufisium 
salt KA in scales, and .'Sodium salt NaA-(- 4 H 20 
in large monofr'linie prisms, dissolve readily m 
water, and, like the acul, show marked blue 
lluorescence in dilute solution. It. is eonvertiblo 
into a-chloronaphtfudcnc.4:iulphonyl chloride, tri- 
cliiiic }»risms, m.p. 95", and J : ^-dicMorvmph- 
lhalc/tc (Clcve, Ber. 1887, 20, 73). 

Jitachojis. —I)iazotised, it forms the first 
component of many a^o-dy'es. It couples with 
diazotisod bases, forming ortho-azo-dyes, but is 
valueless as a middle component, owing to the 
amino- group, when in the (nlho- position 
relatively to the diazo- complex, being difficult 
to diazotise. 
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^ From its sparingly soluble, microcrystalline, 
yeilow diazo- compound, a-naphtholA-fivliilionic 
acid may bo obtained. This acid is also the 
product when the sodium salt is digested either 
with sodium bisulphite solution at 85^-5K)'', 
followed by aciddication, or with 50 ji.c. caustic 
soda solution at 240'^—200'^. With sodium 
amalgam m the cold it gives a-vaphthylaminc. 
By sulphonation witii 25 p.c. aiihydro-acid 
below 30'^', it IS converted into a mixture of 
a • naphthyldmnbc -4:0- and 4:7- distdphonic 
acids. Prolonged heating with suljihuric acid 
at 130" converts it successively into tlie 5-Aa/- 
phonic acid and the ond, and it is 

the most easily hydrolysed acid of the three. 
Its sodium salt, when heaU‘d at 2tK)'^-25(P, 
is convork'd into soduim a-'>Mphtfii/laminc-2- 
sulphomUc. 

Acety l-a-na [> h t hy I am in o-4-h u 1 p h <> n ic 
acid, the minor product ol five sulphonation of 
acetyl-a-na})l)thylanime with 20-25 p c anhyilro- 
acid (Scluiltz, itci. 18S7, 20. 311)1 ; v 5 .sul|)honic 
acid), IS ohlaiiii'd as soflium salt by stirring 
acetic anliydri(h“ (7 pts ) into a solution of sodium 
a-naiiht iiylaimue-+ .suljihonate {15 })ts ) at 00^- 
70", and .salting out the product. Uoth the 
acid ami the .sudiiiin salt are (TVstalline and 
readily solulile in water (Hoelist. 1). k.-l\ 120000; 
Eng. P. 17300 of JS08; Nietzki and Znhelen, 
Bor. 1800, 22. 151). Nitration ctuiverts it into 
the 5-a///o-deriv.it ive. 

(iv.) a Naphthylamine - 5 - sulphonic acid 

(Laurent's and ■, t'hrr'.s \a-\niiphlhalidinisid- 
phonu. and) ' is obtained by reduction of u-nitro- 
naj)lithaleiie-5-,sulphomii aeui (Lriuieni, Ooinpt. 
roud. 1S50, 31, 538; rf. Cleve, Forhandl. 1875, 
0, 13; Bull. ,Soo. oiiini. 1875, (ii.j 24, 511; 
Erdmann, Annalen. 1803, 275, 201 ; Sidiollkopf, 
1 ). ll.-P. 40571 : Eng. \\ 15775 of 1885). It 
eonslitutes tlie chief with the 4-.sulplionic acid 
as subsidiary product, wlicn a-naphtliylammc 
is warmed witli twice its wc-ight of ‘ luiiung ’ 
sulphuric aeid ((.’love, Forhamil. 1870, 7, 30; 
('/. Schmidt and SehaaJ, Bcr. 1874, 7, 1307; j 
Erdmann, Annnioii, 1888. 247, 315); or when j 
a-iiaphthylomine hydrochioriile is sulphoiiatod i 
in the cold with 20 25 ]).c anhvdro-acul (Witt, i 
Ber. 1880,10,578 ; Selmitz, jier. 1887, 20, liJtil ; ! 
Mauzoiius, dnd. 3403), or when aee\vl*a- ' 
naphthylamine is sulplnmatcd witli 3-^ times 
its weiglit of 20-25 pc. anhydro-aoid and the 
product de-acetylate(i by boding the with j 
water (Lange, Her. 1887. 20, 2010; Ewer and 
Pick, I>. K.-P. 428‘4 ; Schultz, lx.), hut is Ihe | 
minor product obtained in tiie nianufactufo of 
the 8-.sulphomc aii-I from iiaphtlialcno-a-sul- 
phoiiic acid by intiation and rediiedion. It is ! 
also torinod when sodium a-chloroimphtlialene- ! 
5-sulj)honate is heaU'd with 25 p.c. ammonia 
solution at 200 -210^" (Oehh'r, B.-P. 72330) 

Preparation .—The jiroduct obtained by 
sulphonating a-nitronaphthalene at 00 with 
10-20 p.c. anhydro-acid i.s pounal on to an equal 
weight of ice, and the precipitated a-nitronapli- 
thalone-5-aulphonic acid (q.v.) removed by 
filtration, mixed with wak-r, nuluced by iron, 
and converted into sodium salt in the usual way. 

^ Tho ‘ a-napUthykmme-fS-Jsulphonic acid* ob- 
taiued by Hirsch by heatiug o-uapbtliylandiie with & 
times its weight of sulphuric acid at 125°-130'’ for 
8-9 iiours (Hlrsch, I). P. Anm. H. 7291; Ber. 1888, 21, 
2370) Is a mixture of tlie 5-fiulplioidc aeid wltli some 
G-suipbooic acid (Erdmaiui, AnualeD, 1893, 275, 223). 


Of the product of the sulphonation of a-naph- 
thylamino hydrochloride with* twice its weight 
of 20-25 p.c. anhydro-acid in the cold, is poured 
on to ice, the precipitated acid convcrkMl ink) 
calcium salt, and the less soluble calcium 5-sul- 
phonatc separated by fractional crystallisation 
from the small amumit of 4'Sul])hon»te always 
formed in this proce.ss. 

Jdenlijication .—Tho (Xid crystallises in 
anhydrous needles, soluble in about 010 jiarts of 
; cold wakT. I’he bannm salt BaAg-j OK^O, in 
aggn’gatcs of snfiill scales; ndcuitn salt 
; (’uAj-| OH^O. in tahlcH; potiussium salt 
KA I 11^0, in needle's; and .'<odium salt 
j NaAn-lJJ), 111 aggregates of needles, dissolve 
! readily in water; both acid and salts show 
[ gri'ciush lluoresceneo in dilute aqueous solution 
j (Cleve, Hull. Soc. chiiii 1875, |ii | 24, 511 ; Witt, 
Mau/.eliijs, lx) It is louvertible into 
j a-('ldorouiiph(hal( H( d) '^idfdioin/l ihloiidr, prisms, 

: in.p. 05Nand I : Cndii IdoriinaphlhaU nr (Erdmann, 
Amialeii, 1888, 247, 353). 

yi'aaOoa.s.- l>i)i/oti.s«*d, it forms the first 
I eom|)oneiit ol ni.m\ a:()-«l}is. With diazotised 
I p-mtramline it couple.s, toimmg both tho ortho- 
, ami the jiai.i a;:o-dye. From its sparingly 
solulile, \eilou, cjyst.illme dinzo- coiiijiounJ, 

; a-iiaphlhol-fy .'>(d/dtoinf idid may b<5 obtained, 
Digesfion with com entrated caustic .soda 
solution at 250' (onverts it into [■amino-5- 
' najililltol. By siiljilionution with !15 p.c. anliydvo- 
acul at 00 -120’, it yields aii'iphlliylaniine- 
] 2 : 5 :1 ■Irifodphoiiii acid, the mlmiiiediate 5 : 7- 
j diMilphonic acid being obtaiiietl by snlphonation 
j of its juretyl deiivative witli 30 [).e. anliydro- 
j acid in the cold, and suhsecpient do-ac'ctylation. 
(V.) a - Naphthylamine - o - sulphonic acid 

' {Cln'i'.s \ft-\and: Krdmunii.'i [u-jacu/), formed 
when tt - najihthylamme ■ 4 - sulphonic acid or 
j 5-Hulphomc acid is hcakal witli .suljiliunc acid 
at 125 -130" for many hours (Erdmann, 

I Annalen, 1803, 275, 200), is prepared by reduc¬ 
tion ol a-nitronaphthakne-t)-sulphoiue aeid by 
uiiiinonium sulphide t»r by iron and dilute 
sid])liun(; acid (Cleve, Ber. 1*887, 20, 74). 

J'n paratioii .—The pioduet obtaineil by 
nitr.iting iiaplillMleiie-^l sulphonic acid, which 
consists almost enlirely of a mixture of tho 
a - nitionajihthaieuc - 0 - and 7 • suljihonic acadfl 
(Y I'.), aflei' dilution with water, is nevitialiscHl by 
lime and the lilLrak', ii'iideied acul by acetic 
aci<l in small quantity, reduced at the boiling- 
point by soft-iron borings. Tho resulting 
solution IS then freed from iron liy milk of lime, 
concentrated, and either treated with sodium 
carbonate to obtain the gieater part of tlie 
7-isomeride as sparingly soluble sodium salt, 
tho mixed (Move acids precipitated from the 
concentrated solution by hy<ln>chlorK: acid. 

loir many purposes, as for examxdb the ]»ro* 
duction of 1 ; 4-diammouaphthalene-l>-8ulphonic 
acid or numerous azo-dyes, a separation of tho 
mixed (levo acids is umiccessary. If the Jiuio 
acids arc req u i re« I, then, according to Fierz, enough 
. magnesite is added to the diluted nitration melt 
1 to comhine with tho calculateii amount of 
I sulphonic acid jiresent, the excess of sulphuric 
j afcid neutralised by lime, and the reduction 
carried out as just described. When the boiling 
: liquid has become colourless it is neutralised 
: by the addition of magnesite, and tho filtrate 
, after concentration to a small bulk precipitated 
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by hydrochloric acid. The precipitate, 2-3 d^B 
later, is collected on a filter (the filtrate being 
violet owing to the presence of hydroxylamine 
compounda) and washed with e((ld water until 
colourless. As much as 2H p.e. of the calculated 
yield of Clcvc acids may be lost in this filtrate. 
The acid.^^ now free from impuntics, jsf)meride.s 
and diaulphonic acids, are converted into sodium 
salts and finely powdered common salt stirred 
in the hot concentrated solutjon during one day, 
to clfect a comf)lute H(‘])aratiou of the pure 
sodium 7-8iilphonato. Fnuu tlie mother liquor 
on acidification, a ]ucci|iitat(‘ of the (J suljthonic 
acid in an uhnost jiun* .slat(? is obtaumd, the 
remaining impurity being rcniovublo by retreat- 
mont (Ficrz-David. J)y(; Clieuiislry, ]). 25). 

ld(-)ilijU'ation.--V\\(.' utul JlAri2HA) forms 
needles soluble in 1000 ])aits of water at 
'J’lie barium salt JiaAg-f-Jl^f^ needb's, is only 
sjiaringly, but the calcium salt* (-aA.-l-TlIjO in 
tablets, salt KA-f-HoO in scales 

and sodiiun salt NaAH-4JH^(> in thin tablets 
are easily soluble in vatcr (Clcve, Forliandl. 
lt<7ti, 7, 54 ; Bull. Soe. chim. IHTO, lii.l 2tb 447 ; 
J'lrdrnaim, l.c. 205). Jt is e(Uivertible into 
a dduTouaphthah vrAU.suIpJiovi/l< lilondc, diainoml 
shaped plates, m.p. (t’leve, Bcr. l.c.), 

and L : ii-dichlaroiiap/tlhalciii (ICrdmanu, l.c.). 

Rcaclwns .—It eoujiles witli diazoti‘<ed basi's 
and is of imjKjrtanc*' as the middle oi end com¬ 
ponent of dinazo- t>r hi'^azo- dyes. I’T'oin its 
diazo- compound or by the bisuljilnte method 
a-naphthol-iy-xulpfumic acid may be obtained. 
Fusion with caustic alkali convmts it into 
\-andTU)-W • iiaphthol. By suljibonation with 
10 p.c. aiibydro-acid it yields a-imphtinjlamnic- 
4 : W-disulphonw acid. 

(vi.) a • Naphthylamine - 7 - sulphonic add 

{Clcve f< [0-1 or [8-l«rn/; Clitx's uod) is obtained 
by the reduction of a-nitronaplitlialt‘nc-7-sul* 
phonic acid (Clcve, Ber. 1888, 21, 3204; Erd¬ 
mann, Annalen, 1803, 275. 272), or by boiling 
a-napbtl»ylamiiie-2:7-(lisul})h()nic acid with 
80 p.c. sulphuric and (Kallc, 1). ll.-l*. 02034), 
or from a-naplithol-7-sulj»houic acid by tlie 
bisulphite method (Badisebe, 1) K.-l*. 117471 ; 
Eng. V. 1387 of 11)00; A ]>. 410). 

Preparation. —This acid is obtained, mixed 
with about an equal amount of the 0-sulplionic 
acid {q.v.) by reduction of the nitration pr«)duct 
of naphtbalenc-j8-sulphome acid and easily 
separated from its isomcridc owing to the 
sparing solubility of its sodium salt in brine. 

IdtnUjicaUon .—The acid HA-fHjO forms 
scales soluble in 220 jiarts of water at 25''. 'J'lie 
barium, salt BaAg in needles, is only sparingly, 
but thocalcium salt OaA,-1-21120, pobn'f.sj'am salt 
in scales, and sotfmw salt NaA+lHaO m needles 
are easily soluble in water (('leve, Ic.). It is 
convertible into a'Cldoronaphthaknc-I-sulphonyl 
chloride, elongattid prisms, m.p. 04® ((.’leve, 
Ber, 1892, 26, 2481), and \1-dichloronaph- 
thedaic (Armstrong and Wynne, Chem. Soe. 
Proc. 1880, 5, 40). 

Peaciious .—It couiiles with diazotised bases, 
and is of much importance as the middle or end 
component of many disazo- and trisazo- dye^j.^ 

' As this ftcid and the C-lsouiorlde, when equally , 
pure, furnish dyes which are Identical In strength and 
shade, the conimou experience that the 7-8ulphonic 
acid gives the better yield must be referred to the 

S eater readiness with which it can be purified (Flerz- 
avid, Bye Chemistry, p. 26). 


From its diazo- compound or by the bisulphite 
i method, a-itophthol-l-svlphonic acid may be 
I obtained. Digestion with 60 p.c. caustic soda 
I solution at 250® converts it into i-amino-T- 
nopldhol. By sulphonation with 26 p.c. anhydro- 
acid at 50® it yields a-naphthylamine-i: 7* 
ddiuljihomc a< id. 

(vii. ) a - Naphthylamine - 8 • sulphonic acid 

{SchoUkopf acid ; iiatcid ; pcri-«cirf) is obtained 
by leduetion of a-nitronaphtlialeno-S-sulphonic 
acid m acid solution with iron (Schoilkojif, 

; 1). ii.-V. 40571 ; Bug. F. 15775 of 1885); it is 
also foiiiK'd when sodiuni I : 8-naplitbasultam* 

2:4-(lisillpboiuito is digested w ith 20 ]>.c. 
hydrtteiiloiic acid at 150® (Dre.ssel and Kothe, 
lier. 1804, 27, 2140). 

J*r('jiaralioii.- -Thc product obtained by 
nitrating na]>bthalene-a'Sul|>bonic acid, con¬ 
sisting almost entiiely of a mixture of a-nitro- 
iuipbiliul(‘n(‘-5- and 8-sulj)bonK' acids, after 
dilution with wab'r js converted into calcium 
salt l»v means (.if lime ami the filtrate rendered 
slightly acid by siilpfiunc acid, reduced by iron 
borings, [irecijiitalcd by sodium carlumate and 
evaporatiMl to a small bulk. Most of the sodium 
a-na])ht]iylamine-8-sul}>honate separate.s as a 
crystalline mass from the concentrated solution, 
and the remainder can be isolated from the 
highly soluble 5 sul]»bonate by further fractional 
I erystalbsation. The motln.'r liqiKir, on acidifiea- 
j tion, fumislies the 5-sulphoiiic acid,^ wbicli can 
! b(( puntied by conversion into the sodium salt 
I and ropetilioii of the' fractional crystallisation. 

]d(’tilijir(ilion.~-T]\o acid irA-t -1120 forma 
iK'edlcs soluble in 4800 parts <jf water at 21® oi 
in 238 ](arts of boiling water; the potubsium 
salt KA .scales, soluble in 28(> jiaits of water at 
10®, or in 67 j'aits at 100®, the sodtuiu salt 
1 NaA scales oi tables, aolulile m 885 jiarts of 
' wat(T at 24". oi in 375 jiails at 100® (Erdmann, 

I Annalen, 1888, 247, 320). It is convertible into 
a-chlniotiaplUludcne-H-buiphonyl chloride, scales, 
in.]). 101°, and 1 : ^-duddoronaphthahne (Arm¬ 
strong and W'ynno, Clicm. ^oc. Proc. 1805, IJ, 
84). 

Jtcaciions .—It coujiles with diazotised bases, 
and has been used as middle or end component 
ill t/»'o-dye3. From its sjiaringly soluble diazo- 
compound, naphtkasullone (the anhydride of 
a-naphthol-8-3ulphonic acid) can be obtained. 
Digestion with water at 200® converts it into 
(i-‘mipldhol-'6-sulphonic acid, and with 0 p.c* 
;*caustic soda solution at 220®-200® into 1:8- 
dihydro'xijnaphthakru, but fusion with caustic 
j alkifli at 200° furnishes i-amino-H-naphihol. 
By dehydration with jiho&iihorus oxychloride at 
130°, it yields the anhydride naphikasultam, and 
with 40 p.c. aiihydro-acid at ^)''-90® naphtha- 
svltam-2 : ^-dimlphonic acid is formed, but with 
10 p.c. anhydro-acid in the cold sulphonation 
j alone occurs, a-naphihylamint-^^ : ‘^■duxilphonic 
\ acid being the product. 

i Fheiiyl-a-naphthylamino-8-sulphonic 

• Fierz, who describes tlie reduction and separation 
in greater (letail, states tliat if the sulphonation product 
of naplithalene at low temperatures (containing there¬ 
fore some naphthalene-p-siilphouic acid) be used 
instead of naphtholene-o-sulphoiUc acid for the nitra¬ 
tion, the 5-sulphonic acid is nevertheless free from 
Cleve acids as the corresponding 6- and 7-nltro- acids 
arc reduced only to hydroxylamine d«ivatives un<ler • 
tiic conditions employed and ore lost (Helv. Cldm. 
Acta, 1920, 3, 807; c/, Flerz-David, Bye Chemistry, 
p. 29). 
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acid is obtained when a-naphthjlamine-S- 
sulphonio acid (1 pt.) is heated with aniline 
(3*5 pts.) and aniline hydrochloride (1 pt.) at 
160°-170® for 10 hours, or with uiiiline (4 pts.) 
and benzoic aci<l (0*05 jd.) at 130^-140° for 
8 hours (Bayer. 1). K.-P. 70341>, 71108 ; Eng. P. 
7337 a of 1802), or when, suspended in water, it 
is heated at 140° for 20 hours with iiruline (3 pts.) 
dissolved in hvdroohloric aenl (Kalle. 1). K.-l*. 
170030; Eng. P. 12.320 of 100!;, or when the 
acid sodium salt of a-naphthyliinnne-4: 8 - 
disul])honic acid (1 pt.) is liealcd with aniline 
(4 pts ) at ISO^ for 30 liouns (A1 %tJcnu(“H , J). P -P, 
15S023; Eng. P. J.'^<i24 of I0(>4). 'I’lie ]>rodu( (, 
after h(‘ing rendered altodnie, is freed frntii 
aniline by disljllation Mitli sti’ain, and tlie 
phenylated aci<l jireeipiUted by h)dfoehl.inc 
acirlj or salted out. 'Phe and is only sj).iringl\. 
but the mdunn s.ilt ('asily solulde iii water. It 
couples with diazotiscd has<,‘s fornniig viouoazu- 
dyes. 

a-N.\J‘HTHYL\MlNKni,SULJ*H()MC AhDS 

(i) a-Naphlhylamine 2 l disulphonlc acid is 
obtained when a*naj)liljivlamnie-2 ; I : tl-tnsul- 
pbonic acid is rejiieed eh-(Irolvlleally or by 
sodium ama]L^^m (li.ivei, i) P. P. 24sr)27 
2510iM»; 25.^721; En-.‘P. 2S172, 2K173 of }iil 1 i 
or, mixed witli tlie -l-siilplioni*- arid in small 
amount, when anitii.naj.hthnleMe i.s heated 
with sodnnii lusalphite solution at (lloejist, 
IJ. K.-P, 1)2082). its Midiant salt is easjl\ soluble 
in water. 

7 ^mr/jo 7 av.— Its diazo. eonijMiiind yields jiajdi- 
fh(ih‘7icA :3-dlsidphotiH' a< ul hy eimnn.ition of 
tho amino- group, and 2 : A-dinifro-a-najddhol . 
when warmed with dilute nitric aeid (floehst, I 
Lr.). Fused witli caustie alkali, it furnishes j 
l-uinmo-'l-iiaphthol-i ■siiljdiiiiiic and, viliilst its I 
diazo- compound, oxjilihcd by hyfioehlonte in j 
sodium bjearbonati! solution, furnislu'S the diaza- j 
oxide of this acid (Badisehc, 1). U.-l\ 1005,30; j 
Eng. P. 4907 of 1904). j 

(li.) a-Naphthylamine-2 : 5 disulphonlc acid is 
obtained fr.un a-naphthylaminc- 2 -sulphoinc aeid 
by sulphonation with 10 p.c. anliydro-acid in the 
cold (LandsholT, I). Tt.-P. 505li3 ; Eng. 1^! 019.5 
of J890), ft IS easily soluide, bu^ its acid salts 
are only very sjiarmgly solul)I(‘ in water. I 

ReacUoiLs.-- \t yndds vajddhalntcA : 0 .f/^.v«^ 
•phonic acid by ehniination of tho amnfi-giouy, 
and a‘naphtli!/lamnu-i)‘-'ytilphonic and by partial 
hydrolysis with dnutc sulphuric a(ud at 100 “" 
(Tobias, Ber. 1890. 2.3, 1031; LandsholT.* / r.). 
lligestion with 50 [i >■. caustic soda solution at 
240°-270° furnislies l-avn)io-C>-n<iph(hoI-2-8id- 
phonic acid. by sul])honalion with 40 p.c. 
anhydro-aeid at 120 ° it is ctinve^ed into o.-wtph- 
ihylnmiiu:-2 : 5 :1 dri^vlphonic and. 

* (iii.) a-NaphthyIainine-2 : 0-disulphonlc acid, 
stated to be obtained when a-na})hthylaminc- 
2:4: O-trisulphonic acid is heated wdth mineral 
acids, has not been described (Bayer, 1). P. 
Anm. F. 31910). 

(iv.) a-Naphtbylamine-2:7-disuiphonlc acid, 
obtained by partial hydrolysis of a-naphthyl- 
araine-2 : 4: 7-triHulph(uiic acid with water at 
230® under pressure (Kalle, I). R.-P. 62034), is 
also formed when a-naphthylamine-2 : 5 : 7-tri- 
sulphonic acid is desulphonated either by 
sodium amalgam in the cold (Bayer, I>. K.-P. 


j 265724 ; Eng. P. 28172 ot 1^11) or by boiling 
! it w ith zino-dust and dilute caustic soda solution 
' (Kalle, D. R.-P. 233934). It crystallises in 
needles; its burium salt is very sparingly 
soluble ill water, and solutions of its alhali salts 
show bluish-green fluorescence (Kalle, D. R.'P. 
62634). • 

Reactions .—It yields a-?mp/if7ioL2; 7-dwwI- 
phomc and by the diazo-reaction, 

2: l-di8ulphrmc and by elimination of tho 
amin<*- grouji, am^ a-napldhylaminnl-sulphonit 
a( id by heating it with dilute sul]>buric acid or 
i wati'r under ])r<‘s.HUie (Kalle, l.c.). 

[ (\.) fi-Haphthylamine-2; H-dlsulphonlc acid is 

I obtanu'ii from naplil hasultam-2 : 4-disulpbonio 
I acid by fiaitial liydiolysis with 40 p.c. sulphuric 
I acid al lJ0'’(('aKM‘lln,'l). It.-P. 75710). It crys¬ 
tallises in m<Mli‘rut<‘lv .si)lub!o long nee«llc«; the 
.solutions of itf^ alkali salt.s show green fluores- 
eeno<*. 

Rrai'dvm.— W’iih nitrous acid (1 jnol.) it 
<lo(‘.s not give a icactivo diu/.o- compound, but it 
cou))l<‘s with diazotiM il bases forming azo-dyes. 
Fusion with eausiie soda converts it into 1- 
a)in)io-'t>-nujddhol-2 ■'<uluhovH and. 

(vi.) a-Naphthylamine-3: G-disulpbonic acid is 
tlie prodnel fotmed l)y si^ljihomiting a-naphthyl- 
anune-3-sulphonie arid with 4 times its weight 
of 20 p.e anhydro-aeid in the cold. 

ldndifi(ii(io)i. —'I'lic and, pulus/ivuin salt, 
KHA 42 IFO, forms short needles convertiltio 
into a-chloKniaplilhali : ti-disidphonyl chlor- 
ulr, ju'Isms, m.p. 130 ’, and 1 : ^: Ti-ti ichloroiiaph- 
fhalmc (.Armstrong and Wynne, t'hem. Sou. Proo. 
1895, 11, 240). 

(vji) a-Naphthylamlne 3: 6-disulphonIc acid 

(.4/«m’.s' ya-\and; Fn nmV.H acid) is obtained by 
reduction of a-mtronaphthaleiie-3 : (i-disblj)honio 
acid (AFii, Forhaiidl. 1883, H, 3; Freund, 
I). R,-P. 27346; Eng. P. 1069 of 1883 M Arm- 
stiimg and Wynne, Cheni. Soe. Proc. 1896, 11, 
82), or by Killing a-naphthylaminc-3 : 6 : 8- 
tiisulphorne acid with zine-dust and dilute 
caustic soda solution (Kalle. If. R -P. 233934). 

Preparatinn.—'l'hv nitration jiroduotof sodium 
na]>hllia!eni -2:7-disulphonate diluti'd with water 
iHU'duccd by soft-lion boniigs, the iron and excess 
of sulpliunc acid removed by lime, end the 
filtrate after prei-ipitation by sodium carbonate 
aenhfied and evaporated to obtain the acid 
sodium salt. 

Jdi iihjkalion. —I'he acid forms needles, and, 
like the harnim BaA4-4H.2<> and cxilciurn 
(,’aA-t-5]l.jO m tablets, also the acid potamum 
KJrA-f3H^O and and mdivm NallA-f-SHjO 
salts ill needles, is easily soluble in water (A16n, 
/.('.). It is eonvcrtible into a-chloronaphthale'M- 
^ : ^y-dimlphonyl chloride, prism.s, m.p. 114°, or 
needles, m.p. 127°, and 1 : 3 : tbfric/doroTWpA- 
thaUne (Arm.strong and Wynne, l.c.). 

Rrailuohs .—From its dtazo- compound, a- 
naphtkol-'.i: i}-di8vlphoinc acid can be obtained. 
This acid is also formed when it is digested with 
water at 189°, but when it is boiled with 76 p.c. 
caustic })otaHh solution the product is a mixture 
of the i-amino-2-vaphihol-ii‘8ulpkonic and 1- 
afni'no-ij-naj)hth,ol-‘i-fivl'phonic acids. Digestion 
with ammonia at 180° converts it into I : 3- 
diaminonapJUhalenc-ii’Sulphonic ncid, and with 
aniline (or j)-toluidine) at 160°-160° into 

^ This arid, like tlio 3:7-acld, was regarded by 
Freund as a p*Daphthylamiuedisuiphonlc acid. 
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dip}if’nyl-[di-'^-k)lylf) 1 : Z-dianiinoJiaphilwlene-^’ 
sulphonic acid. 

Aoylateti by interaction with iiitivjaeyl 
chloridcH (] or 2 mols.) Huch ah w-nitn>l)enzoyl 
cliloride or a-nitronaj>htha]eiie-r>-.sulphoiiyl 
chloride, follijwcd liy renuctjon of the intro- 
groups and condensation of thi; resulting aniino- 
dcrivatjvcfl witli phosgene or l arhoii disulplnde, 
it yields a w^rios of carhamidc or ihwcurhaimde 
derivatives (Bayer, J). 28S273 ; 280270; 

280272). 

(viii.) a-Naphthylamine 3 : T-disulphonic acid 

[AUuh I^-|orvrf), ]>re[»aicfl l»y rediu timi of a- 
nitronaplitlialene-3 : 7-disiil|ihoni'- iu id (l‘'reiMKl, 
\). 27341; ; Kng. |>. UMiO oi 1883 ; (’;i.sm-IIc 1 , 

1>. Jt.-B. 37007, oS3r)2 ; Ijcvmsteni, Eng. 1'. 
2082 of 1801), IS also formed when a-iia]»lithyl- 
aTninc-3 : 5 : 7 triNulplioine acid is <J(‘sul|»lionnt<‘d 
mtlier by sodium amalgam in the e*)ld (Bayer, 
1). li.-B. 23.3721 ; Eng. 1*. 2SI72 of JJdl) or by 
boiling it with zirie-dn.st and dilute eaustic .soda 
solution (Kalle, I). lE-l*. 233034) 

Jdcnfijirtilioii. -Jt is easily soluhli; ni water, 
and, like its salts, shows hlue llnon'seinec m 
solution. 'I'he himniii .salt BaA 1 lEth cnldiiin 
salt (’aAE 2 H 2 th atul arid jxiUissnnii salt KIIA 
form Hparinirlv .soluhio iiocdle.s (Aleri, Korhiindl. 
1883, 8, 20).' ‘ 

i^'rtcO'ois‘ 1 .- From its dutzo- comjioiind a- 
1 U 1 yhtholASl-disulylitniic acid ran ho ohtained. 
'riiis acid is also formed wlii'ii it i.s dige.sli d with 
water at 180'’, hut with 40 p.e. eaustu; soila 
solution at 2(M)'^ the product is a mixture of 


very soluble scales The barium salt BaA-{-4H*0 
forms needles sparingly soluble, and the aetd 
hanum salt BalKA2-h3HaO, microscopic needles 
almost insoluble in cold water; the lu/rmal 
>iodiuifi salt Na,.A+(>Il..U veiy soluble, and the 
and mdiHM salt NaHA’l 2^20 soluble in about 
30 jiarts of cold water, crystallise in long needles 
or thin pri.sins (Bernthsen, l.c.). it is convertible 

inti» a-chhn anaiihlhdh'nr : 'i^-di-'iulphonyt chloride.^ 
n<!cdles, in.p. 110",ami 1:3: ^y-tricMorowiphihalcne 
(Armstrong and \Vynn<‘, Ehem. Soc. Broc. 1800, 
l>, JO) 

Jiauhant. - It couples With diazotised wo or 
p-mti.uuline {.Aktimige.s., D. K.-B. 170513 ; 

I7431S). hut not with diazolised aniline (f/. 
Bayer, I). H.-J\ 73t)84). h'rom the duizo- com- 
jKuiiul, naplilhiisidlanr-'.i-sidiihoinr and, but by 
])rol(»niff(l hoihng with dilute, .sulphuric acid 
a-naplit/iol-li. ^-di.sidplKunc and is obtained, 
'J'hi.s lUsulphoiuc acid is also formed wiien 
a-naplilliylamine-3: S-disuIphonic acnl is di¬ 
gested with water oi ISO': desulphoimtion 
howevoi’ oeeuis, a-napldhylaininr W xiiiphowC 
acid being the jirodiiet, when it is boiled with 
75 ]).c. sniphuiic a(i<l, or w'lth zinc-<iuat and 
dilute e.iii.stio soda solution, or is acted on by 
.sodium amalgam in the cold. 

Eumioii with caustic alkali helow .210“ fur¬ 
nishes I ■(iiinno->>-tiaph(ln)l-'.\-/<nlphi)ntc and, hut 
I wlien it is heutrd with tt j).e. eaustic soda 
; solution at 230’’ it yield.' I : Y^-dthjidraxiinuph- 
j lliah'iK -W-i^tdpItanic. and. Eigestioii with am- 
i imuiia at ISO'^ ('onverts it into { .'.{-dianitno- 


\-amino-l-napldhol-'i-suiph(>nir and with an [ 
isomeric acid (('assella, 1). K -B. 37(K>7). | 

JJigestion with ammonia at ISO' eoiuerts it ! 
into 1 :?>-dioin-i‘noiuipht}ad( nc-l .sidphanic and. ' 
and witli aniline (or p-tolunline) at 150“-l(i0 t 
into diphenyl {di-p /ali/l ) 1 : W-diamimmaiddlial- \ 
eiml-siilphanir and. j 

(ix.) a-Naphthylamine 3.8 disulphonic acid! 
(ft- \acid) is obtained by redm-t ion of a nitroiiapli- | 
thai(mc-3 ; 8-disulphonie acid in a< id solution at ' 
the boiling-point liy iron borings or on the small i 
scale by zino dust {cj. Baul, Z. angow. Cbem. , 
1800. 0, r)t;2). 1 

Vrcinirahon. —'J’be nhxtiiri' of this ac.’d with | 
a-iutronaplithalene-4 : 8-disulphonie acid, and j 
some )y-iiilr<uia]ihthalenedisij!phoinc acids, | 
obtained by nitrating a di.sulfiluuiation melt i 
containing the najilitlialene-l : 5- and 1 : (>- ' 
disulphonic acids, is dihiled with water, neutnil- 
ised by lime, aeidilied .slightly hy sulphuric acid, 
reduced hot by soft-iron borings, again neutral¬ 
ised by lime and the filtrate convcrtel into 
sodium salt. After comxuitration of the liltrale 

a small bulk, the 4:8-{hsui[)honic acid 
separatea from the solution in tlio course of 
several days as the normal sodium salt, the 
more .soluble 3:8-sult lieing retained in the 
mother liquor from which it Is iirecipitated as 
acid sodium salt by the addition of hydroeblonc 
acid. The tiinil mother liquor contains the 
highly soluble sodium ^-naphtliylaniinedisul- 
phonates (Aktienges., 1). It.-B. 4577(); Eng. B. 
4025 of 1888 ; Ewer niid Biek, D. K.-B. 52724 ; 
Bernthsen, Ber. 1889, 22, 3328; Schultz, Ber. 
1890, 23, 77). The separation may be achieved 
in the same way with the barium salts but more 
rapidly as hot solutions may be used (S. Metro. 
Gas Co and Btanicr, Brit. B. 101859). 

IdentiJicatioH .—^The acid HjA-i-SHgO forms 


napldfialna -^■xidjdianir and and w ith aniline 
(or ynt'ohiidiiw) at 150'-B>0'^ into diphrnyi- 

(r/i-p-Zo////-) 1 : '^-diannwinajdiUndnu ■'6-ndphanu, 

and. When sulphonated x\ith 40 p c. anli><lro- 
aeid at SO' !K»", iiajdilltu-'!ultamdi(>idphonic uni/-€ 
13 tli<‘ ])roduet. 

(X.) a-Naphthylamine 4 : 0-disulphonic acid 

{l)afd\-< Nik !I. and eoiiHtitute.s about 30 Ji.c. 
of tiie juoiluct obtaiiu-(l by sulphonating 
«-uaphtliylamine-4..sulphonjc acid witli 25 p.c. 
auliyilro- acid m llio cold (e. 4 : 7-di8uli>hoiuc 
acid), and is separated by extraction of the 
mixed calcium salts with 85 p.c. alcohol in 
wliieh it Ls soluble (Dahl, D. K.-B. 41597). 

It is formed when a-naphthylaiiunc-O-sul- 
phonic acid is sulphonated with 10 p.c. (Cassella, 
L). B. Anm. E. 4021) or 25 p.c. arihydro-acid 
(Bayer, D. 1‘. Anm. F. TOlti; Eng. B. 16223 of 
1893), f/r when a-na])hthylauiine-4 : 0 : 8-tri- 
sulphonie acid is boiled for some hoiins with zinc- 
dust and fblute caustic soda solution (Kallc, 
1). H*.-B. 233934), or when the bisulphite method 
is applied to (/-naplithol-4 . G-diaulplionic acid 
(Badische, 1). 11.-B. 117471; Eng. B. 1387 of 
1900 ; V. p. 41()). 

ldcnliJicalioi >.—The calcium salt CaAd'SHjO 
form.s needles soluble in 85 p c. but insoluble iu 
9t> p.e. alcohol (Erdmann, Annalen, 1893, 276^ 
219), and, like the potasnuvi and sodium salts, 
is very soluble in water; the and fiodmm salt, in 
needles, is soluble in about 0 parts of water at 
20® (I)aUl, l.c.). It 18 convertible into a-c/doro- 
naphlhakne-^: ii-disvlphonijl chloride, needles, 

^ In l)ahl A' Co.’s patent (I). It.-B. 41697) an acid 
‘^^o. I ’ is described, the calcium salt of which is 
, soluble In 90 p.c. alcohol. This acid, said to cou- 
■ stitute 50 p.e. of tlie pioduet when o-natilithylamine te 
heated with 4-6 parts of 26 p.c. anhydro-aeld at ISC'*, 
could not lie ideutltted by Krdmann (Annalen, J893, 
276, 216 ), and is believed by tiiiu not to exist. 
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m.p. 126 -127®, and 1:4: ^4rxchlorona'phthal(i'ne \ 
(Armstrong and Wynne, Chem. Soc. Proc. 1890, i 

C, 126). I 

Reactions. —It couples with diazotisod bases. I 
From its moderately soluble diazo- compound or 
by tho bisulphite method a-mphiholA : I 

phonic acid can Iw obtained. Fusion with 
caustic soda at 180'’-200'^ converts it into 
X-amino-Cy-miphtholA-sulphonic acid, and nt 
2(X)°-22<)" into 1 : {)-dih\idmfifmiphth(dcn(-‘\--'<id- 
phonic acid. Jloated with aniline (or p-toluidine) 
at 180‘\ it forms phtnul- (or p-tobiU) a-naphlhtfl- 
amine-{\-t<idi)honic acid by elimination of the 
4*.sulphonio group. Hv suiphonation with 
35 ji.e. anhydro-iieid at8() -iM)'' a-naplilhulamnir- 
2:4: Vy-tnsidphomc acid is obtained. 

(xi.) a-Naphthylamine-4 : T-disulphonic acid | 
{Dahl's No. III. acid) is obtained, mixed with 
about 30 II.e. oi the No. II. aeid (r. 4 : li-disul- j 
jilioiuc .Kid), by aildiiifr sx'ved a-najihthylainine- I 
4-H(ilphonie acid .slowly to 3 5 times its woiglit ; 
of 25 ji.c. anhydro-aeid below 3t>“ and stirring j 
for 2-3 days or until ti drops of the melt 
ad<led to 10 e.e of wat-ei givT a .solution wlii< h [ 
remain.s clear at (lie I'nd ot ti liours. 'I’lie i 
]>r(»duet eonveited into diy ealeiiini salt and \ 
jiowdered is (‘xmieted with it) times its weight | 
of 85 p.e. alcohol to tetnove No. II. salt, the , 
residue being No. III. salt (Duhl, D. K-P. t 
41957). 1 

Jt 18 also formed when a-na]>}ithylaTinne-7- ' 
sul|>honie aeid is sul)ilioii,ited with nioiiohydiati* i 
at lOO^’-loO' (('a.ssel!a, l>. P. Anni. 3939), or | 
25 p.c. unhvdro-aeid at50'-(i0' (Bayer, U. P. 
Anm. K. (1550: Kng. 1’. 1.5223 of 1893): or 

when ] : H-dinitronaplithalene ih digested with 
40 p.e. sodium hisiilphite Roliition and 25 ]i.e. 
aniruonia .S(*hition at SO-90' for 8 hours, tin* 
filtrate stirreil wit h about one-tliiid of its weight 
of concentrated liydriK-liloiic aeid for half a 
day to deeompose the siiiphamino-acid.s wliidi 
re'»ult, and tin* separation reiaystallised from 
W’ater in wlin h the 4.7-<lisiilplionic aeid is only 
sparingly, hut the 2 : 4 : 7-trisulphonic aeid so 
ea^aly solulili' as to need salting out from the 
solution (Hdenst, J). It.-P. 2I533K); or when 
the lnsul[>!iit<‘ nu'thod is applied to soiliiini 
a iiaphthol-4: 7-disui])lionate(PadiMhe, D. H.-P. 

117471 : Eng. P 1.387of 1900; e.p. 4ft.) . 

Idoifijicdfion -'riie barium ^alt BaA, in 
needles, and cidcuitu salt CaA-f are spar¬ 
ingly soltihle in watei ; the pohi.s'iM/a salt 
^ 0 ^ in effloreseent prmm.s, ai^l sodtuyi 
salt Na,A-f-3Ho<), in elHoroseent needles, are 
readily soluble in water, tho aetd sydivm 
salt, in iieedle.s, is •■olublc in 140 parts of water 
at kP, or 20 pints at tiie boiling-jiomt, but 
like the cahaum salt, is insoluble in 85 ji.c, 
alcohol (l)ahI,Lc.; Eidmann, Annalen, 1893,275, 
220). The solutions of theaciiiand salts show 
blue fluorescence. It is convertible into a-chloro- 
nnphlhdcnvA : 'i-disulphonjil rjdomdc, rectangular 
prisms, ni.p. 107'^,and 1:4:6-/?a hIoronr/j>h{htilcnc 
(Armatrong and Wynne, (’hem. Soc. Pioc. 1890, 
6. 17). 

Reactions .—It couplrs with diazotised bases. 
From its diazo- eonipound or by tho bisulphite 
method, a-mphlhol-i -.l-disutphomt acid can be 
obtained. Heated with aniline (or /i-toluidinc) 
at 180°, it iprms phenyl- (or p-iolyl-) a-rwphihyl- 
amine-1'Sulphonic acid by olimiuation of the 
i-sulphonic group. By sulphonation with 


35 p.c. anhydro-acid at 80°-90° it yields a-naph- 
ikylamine-2 : 4 : l-trisvlpho7iic^ctd. 

(xii.) a-Naphthy!amine'4 : S disulpbonlc acid 
([8-)aci(/; disulpho-acid-H) is formed from 
a*naphthy]amine-S'8uIphonic aeid by suiphona- 
tion witli 3 times its weight of JO p.c. anhydro- 
acid at first in the cold and afterwards at 100° 
(Sehollkojif, I). H.-P. 40571 ; Eng. f. 15775 of 
iK85); also, mixed with the 6: 8-disulphonie 
aeid, when aeetyl-a na|)hthylanune-H-Bulphonic 
ueid is suljilioimted with 25 p.e, anhydro-acid 
in the eoltl, the jiro^net de-acctylated by boiling 
it witli water, ami the sodium salt sejiarated 
from the moie soluble 6 : H-i.snnuTjde by Irae- 
tionai crys(alhM.ition (Bayer, I). K.-P. 75084). 
From a-na])lithol-4 : 8.disulphonic acid, it can 
be obtained by tli<‘ biKul[ilntc method (Badisehe, 
J).R-IMI747J; Kng P. J.3S7 of IIMIO; ]i. 416). 

J'rcpanilioH - It is obtained by leduction of 
a ndronajdithaU'iie-i : 8-dtHiilpli<inic acid, and is 
piesent iherejore, witii the 3; 8-disui])honic 
aeid (i/.r ). in the product forimal wlieii tlie 
sulphonation melt eontaming imiilitlialene-] : 5- 
aml j • 6-disiil|)honie ju'kIs is niiiatrd, and tho 
mtio.acids are reduced. It the Kul])lionalion 
melt contained iiapli(lmleiie-a sidphoiiic acid 
owing to ini‘om|)le1<' diKulplionatiou, sodium 
a-naphtliylamme-8 siil|>lv'natc will be present 
lu (lie ermh' 4 : S-disiilphonate, but can bo re¬ 
moved bv fractional ciyHlalbsation owing to ila 
spaiing soliiliitity in waici, the mine soluble 
disullihonate being in(‘ei|niated from tlie <‘on- 
ceiitrated niot-lier liijuor as aeid sodium salt on 
aeidilieatiori (AUtiengei-’., J>. R.-J*. 45776; 
Png. !'. 4625 of ISK8; llernUisen. Ber. 1889, 

I 22, 3327 ; Paul. Z. augew. ('hem. 1896, 9, 
i.5(i3). 

i Idrntification. —'I’lio normal sodivm. salt 
{Na.A ( 21RO, forms needles readily soluble in 
I water (Bernthsen, Ber. 1890, 23. 305(0, footnote); 
i the. id ■'lodiiiin saB’ scales sj.aiingly soluble in 
I cold water. It is eoiuertible into a-chloronaph- 
(h<d< !U‘-\ • H-di'inlphoriyl chloride, flat jiriama, 
i m.ji. 137 and I • 4 o Irn hlorunaphthalene 
} (Armsliong ami Wynne, ('hem. Soe. Proc. 1890, 

I 6, 126). 

j Ibachous .— It loupjes easily with diazotised 
I hasi'H. Fiom the diazo- eoinpouml, or by tho 
’ bisulpliitc method, a-naj>filhtd-4 : H-disulphonic 
acid can lx: (d.tiuiii'd. Fusion with eaustjc soda 
at 200° converts it into l-amuu)-9,-naphthol-i- 
snlphouK acid, Init digestion with 60 p.c. caustic 
soda solution at 250° furnishes 1 : H-dthydroxy- 

\ naphthalene-A-sidphonic acid. 

I Wlien heated with aniline (or yi-toliiidine) at 
180° it yiehis phenyl- (or p-iolyl-) a-najdUhyl- 
amxiti-'d,-Hvlphonic aevl hy elimination of tjjo 
4 suljihoiiie giouj), but this grouji is retained and 
tho 8-Hul{)honic grouji removed, a-naphthyl- 
amine.-4-.'-idphoini aiul being the product, when 
; desuliihonation is efleeted by sodium amalgam 
in the cold, or by ziiic-dust and dilute caustic 
{soda solution at the boiling-point. By buI- 
1 phonation with 4tl p.c, anhydro-acid, it forms 
! vaphthas(dia)n-2 : i-disidphoHic acid. 

I (xiii.) a Naphthylamine-5:7-disulphQnic acid 
i IS obtained wlieri a-naphthyIamine-5*Bulphotiic 
; aeul (1 jit.), aftcT acetylation, .s mixed with 
30 p.c. aiihydro acid (8 pts.), or ocetyl-a- 
I na]>hthylaminc (1 pt.) with 36 p.c. anhydro- 
I acid (6 pts.), at 0°-5°; the mixture kept at 
I 20°-30° for 15-20 hours until a eample, boiled 
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with water, shows no separation of monosal- 
phonic acid in the cold; and the product, after 
de-acetj-lation by boiling the melt with water 
(10 pts.), converted into acid Hodliiiu salt by 
saturating the hot .solution with coinmfui salt. 
The acid sodium salt Nall^A^+SHjO, iK'cdlcs, 
is very soluble but the add harivni salt almost 
insoluble iu cold water. 

Jteactio7i ^.—In alkaline solution it coiiplrs 
readily with diazoiised bases. From its dinzo- 
compound or by the bisiilphito niotliod, a-miph- 
lhol-5:7‘dimlpbonic acid can bo obtained. 
Digestion with 7i> p.c. cansiic soda solnliori at 
170°-180° converts it into l-amino-^-ndphihul- 
l-mdphonic mud. By 8ul|)honation with 40 |>.c. 
anhydro-acid at J2()‘’-130‘\ ji gives a-nn/if/fhi/l- 
aminc-2 : ,7 : 7-tri.sulpkomc and. 

(xiv.) a-Naphthylaminc-5: H dUulphonlc acid 
is obtained from a-nitronaphtlmlcnc-O : K-disul- 
pbonie acid by reduction in acid solution. The 
product, converted into sodium sail, gives in 
concentrated solution a precipitate of the acid 
sodium salt on aeidificatimi. iiolfi tlie acid 
and the and .fodiiim salt NaHA-f-i 2 IFD form 
needles very sparingly solubh' m wati'r, but 
easily soluble in alk.alis, giving greemsb-yollow 
solutions (Jiaver. l>. K.-l*. 70H57 ; Gattermami, 
Bor. 1891). 32^, 1156). 

Jieactionfi .—It coujilos easily with diazotiscd 
bases. From its dinzo- compound naphlhakw- 
1 :4: and and wiphthaKiiliojic-^f- 

sulphomc and can bo obtained, an<l by the 
bisulphitei metliod it yu'lds the corresponding 
a'7UipHhul-ij : S-disidpkonic and. l)igeslif)n with 
76 p.c. caustic jiotaah solution at ]60'’-lbd" 
converts it into l-aimna-H-uaphlhcI-r} .sidpho/iic 
arid, but with 60 p 0 . solution at 269'^ into I : S- 
dihydroTynnphlhokiic-^-i>ulpho)iic a( id. \\'it)i 
sodium amalgam a-naphlhy!aniinc is obtained 
(Galtormann, l.r.). By .suljdionntion uith 
40 p.c. anhydro-aeid at 8()^''-90'' it forms vapJi- 
ihaiullamdisnlphouK and-\). 

(xv.) a-Naphthylaminedi: b-dlsulphonic acid 
can be obtained from a-naphthylamine-4 : 0 : 8- 
trisulplionic acid by boiling it with 76 p.c, 
sulphuric acid (Kalle, I). F.-J‘. 83140); and is 
formed together with the 4: H-disulphonlo acid 
Avhen acetv!-a*naphthyhlinine-8-sulphonic acid 
IS sulphonatod with 26 p.o. anhydro-aeid at the 
ordinary temperature, and the product boiled 
with water. The sodium salt is much more 
Holnblo than that of the 4 : 8-disulphonie acid 
and, after removal of the latter by crystallisation 
from the concentrated solution, is separated as 
acid sodium salt from the filtrate by acidification. 
The salts in solution show green fluorescem'o ; 
the arid sodium salt NaHA, in niM'dles, is easily 
Soluble (Bayer, D. R.-F. 76084). 

Beactions .—It couples easily wilh diazotised 
bases. From its very soluble diazo- compound, 
naphduj8tdtone-i)-siUphonic acid, and by elimina¬ 
tion of the amino- group, uaplil/ialmc-l 
disulphovic acid can bo obtained. Digestion 
uith 60 p.o. caustic potash solution at I8O"-200"' 
converts it into l-amtno-H-naphthol-i’i-svlphonic 
acid. 

a-NAPHTHYLAMINETRISULTHOMO AciDS. 

(i.) a-Naphthylamifle-2 : 4 : O-trisuiphonlc 
acid is formed when a-naphthylamine-C-sul- 
pbonio acid, or 4: G-chsulphonic acid, is heated 


' with 26 p.c. anhydro-acid .(3‘5 pta.) at 50*-60°» 
' and afterwards with 70 p.c. anhydro-acid (1 pt.) 
: at 80°-90". The acid sodium salt forms needles ; 
' it show's blue fluorescence in solution (Bayer, 
D. l\ Anm. F. 7010 ; Eng. P. 16223 of 1893). 

Jtrorhons .—It does not couple with diazotised 
bases (Bayer, l.c.). Heated with mineral acids 
it is converted into a-napkthylamiue-^ : Q-disid- 
phonic acvl (Bayer, D. P. Anm. F. 31910), but 
with .sodium amalgam in the cold it gives 
a-uaphlhylamtnc-'l : A disulphonic acid. 

( 11 .) a-Naphthylamine-2 : 4 : 7-trlsulphonIc 
acid. To obtain this acid, a-naphthylamine-4. 
sulphomc acid is heated with 40 p.c. anhydro- 
acitl at 120^^“ (Iloehat, J>. R.-P. 22645; Eng. P. 
2178 of 1882 ; e/. Armstrong and Wynne, Chem. 
8ioc. I’roc. 18!i(), 0, 125), oi a-naphlhyIamine-7- 
Rulphonic aeid (or 4:7-disulphonic acid) is 
hi'jited with 26 p.c. anhydro-aeid (3'5 pts.) at 
50"-00'', and altcrwards with 70 p.c. anhydro- 
acid (1 pt.) at 8()"-!)0^ (Bayer, D. P. Anm. F. 
0660 ; Eng. I’. 15223 of 1893). It is also formed 
wlion 1 : 8-dinitroiia}>hthalene is heated w’itli 
sodium bisulphite solution and ammonia at 
8(J''-90'’. and after leinoval of the loss soluble 
sodium a-n.iphthylamine-4 t 7-di.Hulphonate {q.v.) 
by iTystallisation, the 2 : 4 : 7-tri.sulphonato is 
separated from the mother liquor by salting out 
(Jfbehst, J). R -P. 216338). 'I’ho and sodium salt 
forms small needle.-i, shows blue fliiore.seence in 
alkaline solution, and does not couple with 
diazoii.scd bases. 

AV'ariioa..s-.—Fj-om its diazo- compound, a- 
miphlliul-'l: 4 ; l-tri-stdphoiur.und, and by (liimina- 
tinn of the amino- group, naphih'dcur-l 
trinvlphonic and arc obtained. By digestion 
w'lth water at 230 it yields a-nr,phlI,y}aifiinc-2 : 7* 
disidphomc and, but when boiled with 76 p.c. 
siilj)hurie acid, the l-iiiaiiosidphoiiir and 

(iii.) a-Naphthylamine-2 : 6 : 7-trisulphonic 
acid is obtained wdien a-nai)hthvlaimne-5-sul- 
phoiiic aeid is snlphonated wifii 36 p.c. anhydro- 
aeid at 90^-120° (Cassella, 1). R.-P. 188506), or 
when a-naphthylamine-2 : 5- or6: 7-(lisulphonio 
aeid is sulphnnated with 40 p.c. anhydro-acid at 
12O‘'-130'‘ (Bayer, 1). P. Anm. F. 7001 ; Eng. P. 
1714JBof 1893). Mnarid disodium salt,isolated 
from the diluU*d sulphonafion jiroduct by salt¬ 
ing out, forms needles easily soluble in water, 
and, like the acid, shows green fluorescence in 
solution. ^ 

A’eacOim.v.—Digestion with- 60 p.c. caustic 
potash stilution at 180^-200'’ converts it into 
\‘an}\iio-rt-naphthoU2 : 7-disulphouic acid. When 
dosulphonated either by sodium amalgam in the 
cold ^)r by boiling with zinc-dust and dilute 
caustic soda solution it yields a-rtaphihylaminC' 
2 : 7-disvlphonic and. 

(iv.) a-Naphthylamine-3 : 5 : 7-trisulpbonie 
acid is prepared by reduction of a-nitronaphthal- 
one-3 : 5 : 7-tri8ulphomc acid (Cassella, I). R.-P. 
76432). Its salts are easily soluble and in solu 
tion show green fluorescence. 

Beactions .—From its diazo- compound naph- 
thalf'nc-l: 3 : 7-tnsulphonic acid and a-naphtkoU 
3:6: 7-trtsulphonic acid can be obtained. 
Fusion with caustic soda at lfM.)®-170° converts 
it into \-amifW-5-ruiphthol-^ : 7-dmdphonic acid, 
Wdicn desulphonated either by sodium amalgam 
in the cold or by boiling with zinc-dust and dilute 
caustic soda solution it gives a-na^hthylamin€’ 
3: 7-disulphonic acid. 
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(7.) a-NaphthylsmIn6-3 : G : $4risulphonio 
acid, obtained by reduction of a-nitronaphthal- 
©ne-.^ : 6 : 8-trisuiphonic acid (Koch, 1). H.-P. 
5G0GS; Eng. P. 0258 of J890), is also formed 
when sodium a-nitronaphthalene-8:8-di8ul- 
phonate is warmed with sodium bisulphite 
solution (Fischossor, D. R.-P. 7G438; Eng. P. 
7041) of 1804). 

Preparafion .—The prodind obtained by 
nitrating the trisulphonation melt consisting 
largely of naphthalouo-1 : li: b-trisulplionie acid, 
after ddution with water, is uoiitralisCMl by lime, 
converted into sodium salt and the filtrate after 
acidification reduc<*d hot by iron borings. After 
removal of the iron, the liltralo is concentrated, 
saturated with salt and acidiiiecl, whereby a 
complete separation of the ‘.I : (>: S-trisiilphonie 
acid as acid sodium salt is achieved, tlie mother 
liquor containing nothing of any technical value 
(lieumann, Amlmfarben, 1898, n, ,'581)). 

Idrn/ijicaltoii :—The odd difoxlintn salt 
NujIlA bu'ins needles, moderately soluble in 
wat'Cr but almost insoluble in hydrochloric acid 
or hrmc, and tlu' sodium salt iVa^A-j 8H_,0 easily 
soluble scales (Drcssel and Kothc, Jier. 1894, 27, 
2147). 

Jteaclions .—Ibom its diozo- coiiipound, 
tJialcnrd : iy-lri.mijikoiiic arid { Dressel ami 
Kothe, l.c.) and vaphihosuUont -WQ-dimlphoun' 
av.id can be obtained. l>ig(‘slioii with watiT at 
]H()"-2r»()” converts it into a aupAZ/mMl: G : H- 
tnmlphovH- acid, and with 8()-4() p.c. caustic 
soda soluti<*ii at 210'^ into \-omnHi-'6-iiiiphlbol- 
3 : iS'dtful'iihomc at id. 

Digestion wdtb ainin<ima at IGO'-l8()‘’ fur¬ 
nishes 1 : ‘^■dinminonaphllialciK'-^i : S-disulpfionir 
arid, and with aniline (or p-toUiidine) at ir»<P- 
100® diphrvi/l- {di-\)-loh/l-)\ : W-diaminoruiphthal- 
pneA \: ^-disulphontc and. By sulphonation with 
25 p.c. anbydio-acid a< 7tt'-H0” it yields naph- 
tkasaUaihA : (4) • iidri'^ulphomt and. When <ii'- 
aulphonated l)y boiling it with zinc-dust and 
dilute caustic soda solution, a-a/ipht/iiflaminc- 
!l: iS-disuiphotuc and is the produid. 

(vi.) a-Naphthylamine-4 : o : 8-trisulphonic 
acid is obtained by reduction of a-nitronaiihtbal- 
ono-4 : 0 : 8 trisiiljdionie acid (Bayer, J), P. Anm. 
F. 7006; J). R.-P. 80741 ; Eng. P. 171410 of 
1893; Kallc, D. R.-P 82563; 99164; Eifg. P. 
615 of 1894). 

Preparation. —The nitration ^product ob¬ 
tained from the napht!ialeri('*l : 3 : S-trisulphonic 
acid molt, after dilution with w'ati'r, is^neutral- 
ised by lime, and the filtrate, after aciilificatioif, 
reduced hot by iron horings, rendered alkaline 
by lime, and converteil into sodium salt. From 
the concentrated sopition of this salt, the acid 


with 70 p.c. oauBtic soda solution at 175^ it 
furnishes 1 -amino-^niaphiholAx^^^disulphonic 
acM. By sulphonation with §5 p.c. anhydro* 
acid, it gives naphthaa\iUam-{'l ); 4 ; it-lrtiul- 
phonic acid. 

Naphthasultam Derivatives. 

Introductory .—When warmed witl/anhydro* 
acid, a-naphthylaminesuI})honic acids in which 
one of the sulpbonie grou])a occujues the pcii- 
position relatively to the NHj radicle may 
iimlergo dchydratioik, forming naphthasiiltams, 
m adihtion to further sulphonation. Contrasted 
With the siiltones (p. 470), the stability of the sul- 
tarns IS remarkahle. Neither by boiling a sultam 
w'ifb eaustic alkali solutions, nor by heating it 
witli ammruiia is the anhydrulo ring attacked, 
although disruption of this ring (aiicompanicd 
usually by partial d('sul])honalion) can l)o 
eilt'cied if mineml acids be oniployod. 'fhese 
iia|ihtliasultanisnlj)honie acids, although not 
dia/.otisable, (;an b( coupled with diazotiscd 
liases, prr>vi(l(‘d the I- jiosition be free. The 
salts ai’c i»f two tyjK's : 

D.S-Nli ()..K-NNa 

A A A A 

NaO,.S^^^,S()jNa . Na(),,H^y'SOjNa 

1. (lU'iti) 11. (normal) 

Those of type 1. are colourless, but those of 
typ<' II. arc y<'llow and give yellow solutions, 
which show intense green or ycllowish-grtieu 
tiuor<‘soeneo. 

(1 ) Naphthasultam has been obtaiiieil droin 
a-naj)htliylaimnc-H-Hulphonic acid by dehydra¬ 
tion with phosphorus oxychloride. It melts at 
I77'’-J78‘, and in its Ixdiaviour towards chlorine 
presents many analogies to a-naphthol. On 
nitration, it yields 2 : i-dinitronaphthisultam, 
pah' yellow prisms soliilile in caustic alkalis or 
alkali carbonates but almost insoluble in water 
(Dannerth, .1. Arner. ('hem. Soc. 1907, 29, 1320 ; 
Bayer, J). R.-P. 210222 ; r/. Ziiickc and Julicher, 
Annalen, 1916,411,19.5; Zinckeandychurmann, 
ih\d. 1918, 416, 75). 

(li.) Naphthasultam - 2:4-disulphonlc acld iS 
18 obtained when a-na^hthylamino-8-8ulphonio 
or 4 : 8-di8ulphonic acid is sulphonaled with 
25-40 p.c. aiihydro-acid at 80®-90®, the opera¬ 
tion being continiiod until a sample of the 
product diluted with water neither reacts with 
nitrite nor couples with diazotiscd bases (Bayer, 
1). R.-P. 79566; Eng. P. 4l»79of 1893; Aklienges., 
D. P. Anm. A. 3346; Eng. P. 2984 of 1893 j 
Dressel and Kothe, Bcr. 1894, 27, 2139). The 
corresponding a-na[)hthylamme-2 : 4 : 8 trisui* 


sodium salt separates on the addition of liydro- 
chloric acid. 

Reaclioivi .—It does not comde with diazo- 
tiaed bases. From its compound, naphthal- 
ene-l : ^ : 5-frisulphonic acid (Kalle, l.c.) and 
napM}iasulfom-4::(i-disidphf)nic acid, which is 
also formed by the bisulphite method, have been 
obtained. Boiled with 75 p.c. sulphuric acid it 
gives a-napklhylamin€-i>: H-disulplwnic acid, and 
digested with water at 160®-220® a-^iaphtkol- 
6; S-disulphonic acid, tlio 4-sulphomc group 
being eliminated in both reaction.^ but when 
dcsiuphonated by boiling with zinc-dust and 
dilute oaustiB soda solution it is converted into 
a-naphihylamine-i : d-disrtlphonic acid. Digested 


phonic acid is unknowm. • 

Ide.ntijaahon .—The aetd disodium salt 
Na 2 HA-}- 2 lf;jD forms colourless needles, soluble 
in water without fluorescence, and the iriaodium 
salt Na^A-f-bJHaO, yellow scales, easily soluble 
in water with green fluorescence. 

Reactions .—Fusion with caustic soda at 
170®-180® converts it into l-amino-H-Tiaphthol- 
2: A-disulphonic acid. Digestion with 40 p.c. 
sulphunc acid at 110® furnishes a-naphthylamine^ 
2: %-disulphonic acul, but with 20 p.c. hydro¬ 
chloric acid at 140®-160® a-naphlhylam%neS' 
sulpkonic acid. When heated in 60 p.c. sul¬ 
phuric acid solution at 76°-80® with nitric acid 
of 8p.gr. 1*2, it is converted Buocesaively into 
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nUronaphthasuliammilpkonic acid and 2:4- 
dinitronaphtha/nUj.ain (Hayer, IJ. R.-P. 210222). 
(iii.) Naphthasultam-3 : O disuiphonic acid is 

prepared by boibng the acid fiodium salt of 
naphtha«ultam-3 : (4): (i-triKulphonic acid with 
20 p.c. suljiluiric acid. I’lic iriHodmni salt 
Na;,A-b4H2(> forms easily soluble, small, yellow 
jirisms {Payer, f). R.-P. H4139; Dres-se) and 
Kotho, Ber. IH94, 27, 2140). 

Vicr/diow'f.--Fusion with caustic soda at 18(1'’ 
converts it into 

phonic acid. When boiled with 50 p.c. sulphuric^ 
acid, it uives a-’ifaphihylamnn-'X : (»: 8-Oisid- 
j>honu', acid. 

(iv.) Naphthasultamdlsulphonic acid e, ob¬ 
tained by lioatiii^ Hoiiiuiii a-naj>litliylamine- 
II: H-disu!|ih<*nate with 40 ]).c. anhv'dio-acid 
at H0‘^-0(>’, has not Ixani descnlK'd (Payiu’, 
J). R.-P. 70.W(i; Knj; I‘. 4070 «d 

(V.) NaphthasultamdisuIpho;iic acid 1), oh-j 
tamed by lu^atiiijr sjuinim a-najihthylaniiiie- [ 
5»: M-disulplionatc witli 40 ]) c. anhydro-acid at. i 
80 00", yields \-amni(>-‘!‘>-7itipldk<>l4isulph(»iu- 
on fusion with caii.stic soda at I7t)' 
(Payer, D. R.-P. 7it5tt(): 80ti(i8; J'hig. P./.r.) 

(VI.) Naphthasultam - H : (4) : 0 - trisulphonic 
acid IS formed wIkmi the acid R<«ltum salt of 
a-iiaphthylaniiiie-ll: 8-tnsii!plionic acid is j 

lieati'd with 25 ji e. aiihydro-acid at 80’ until a; 
U‘st no lumber reacts with nitrite, 'riui acid [ 
ftodiiim salt Na,llA 1 41PO ami ilie yellow i 
ftodtiint salt are easily, but th(‘ 

yellow haniim salt, is only vejy sj)ariiij;ly solulilc 
(Bayer, 1). R.-P. 84130 ; l)ressel and Kothe, Ber. 
1804, 27, 2147). 

—Digestion witli 75 ]> c. c<iustic 
])otaHh solution at J30 ’ eonverts it into I -aunno- 
: O-di'ad/iJionir acid. W hen boiled 
with 20 p.c. sul|)hunc acid it yields iiaplilha- 
Kultam-'^ •.{\-disidfihoiiic. acid: and with 50 ji.e. 
sulphurie acid a'Haphllii/lainuu -3 : 0.8 l?isid- 
phonic acid (Bayer, I c. ; Dressel and Kotlu-, /.c.). 

(vn.) Naphthasultam - (2) : 4 : 0 - trisulphonic 
acid IS obtained when the acid sodium salt ot 
a-naphtUylamine -4:5: 8-Uisiilphimic ai id is 
Jmal.e<l with 25 ]).e. anhydro-acid at 80'-00 ' 
until a tost no longiT reacts with niti ito (Bayer, , 
J). R.-Jh 84140). Tlie^irn/ nifdiinn salt tornis 
easily soluble needtc.s; the .sodium salt 

Na^A-fOH^O, easily soluble, ruiuute yellow 
prisms. When heated with eaustic alkali at 
150'^-150'‘, it is ciinvert(‘d into l-awo/io-8- 
imphthol ■ (2): 4 i 0 ■ tfhsulplionic and (Haver, 
i). R.-P. 84507). 

('HLORO-a-N.il*Jl lllVLAMINKS, 

*•' 8-Chioro-a-naphthylamine can be obtained 
from 1 : 8-dianiiiionaplithalene by allow'ing its 
azimino-donvative to interact with copjier 
powder or with cujirous salts and hydrochloric 
acid at 30®. 1’he liaso forms needles, in.p. 1>8'’ 
(Badiaohe, 1). R.-P. 147852 ; cj. Atlm-berg, Ber. 
1870, 9. 1730). 

, 6:8-Dlohloro-a-naphthylamlne, fonnod by re¬ 
duction of 5:H-diehloro-a'nifrona))hthalene, gives 
needles, in.p. 104® (W'ldman, Bnll. Soc. eiiim. 
1877, [ii.l 28, 610 ; Bayer, 1>. K.-l'. 21^3318). 

8-ChJoro • a • naphthylamine • 5 - sulphonic 
acid is formed from the azimino-derivative of 
1: 8-diaminoQaphthalene-4-sulphonic aoid by 
interaction with copper powder (Badisobe, Ic.). 


When digested with 60 p.c. caustic soda solution 
at 190®-i95® it yields l-amino-S-naphthcU5- 
' sulphonic acid (Badlische, 1). R.-P. 112778). 

[ Several a-chloro-a-naphthylamincsul- 
! phonic acids, prepared by nitrating a-chloro* 
naphthalenesuljdionic acids and reducing the 
products, have been used in making azo-dyos, 
but not described in detail (liead, Holliday & 
Son.s, Eng. P. 13099 of 1897 ; 1173() of 1898). 

8 - Chloro - a ■ naphthy!amine-3:0-disulphonlc 
acid IS pr(‘parc<l from the azimino-dcnvatne of 
I 1 . 8-dianiin<iniiplithaleno-3 ; ()-disulphoruc acid 
! Iiy iiiteiactuni with copjior powder (Badische, 

' 1>. R. P. 147852), oi fiom a-na|)htliyJamme- 
I 3 : b-(.iiHulp)ioiuc acnl by conversion into the 
cliloro-acid with siiliscquorit nitiation and 
rcdiiction (Ha\ef, 1>. R.-P. 289107) Jtciystal- 
liscs fiom acid solution in nccdlc.s. 

Reactions. -- It coujilc.s with diaZ'-U.scd Imscs. 
J'hisnui with causin' alkali converts it into J- 
aniino-H-/iaplifh()l-‘.i : O-dmdjdionic ai id, hut 
when luMtcd with dilute suljihnin' atid umlcr 
jinwurc it yields H-chloro-a-nopIdliot-t) : 
phonic and. 

Acylatcd hy interaction with nMutiobeiizoyl 
clilornie, followed by reduction and comlcnsu- 
tjoii with j)iio.sgcne, it fuinishcs tarUanndc 
derivative.^ (Bayci, l.c.). 

2 - 4-Dichloro-u-naphthylaminesulphonic acid 

IS foiniccl when a< ctvl-2: 4-di<'hloio-a-ua2ih* 
thviainnK' is siilphonaliMl with 23 p.c. anhydro- 
aci<l hclow 45’, and the pioduct dc-acetylatcd 
by builiiiir it with water. It is sfianngly soluble 
m water: ils .soiliiim salt forms scales, and its 
tine and inaiinr>-.iiiin salts long iK'cdlcs. When 
its s]>aniiglv soluble, cr> slallmc diato- compound 
j IS lieatcd with soilmm caibou.i.t(‘ solution at (>0®, 
it IS coiivcitcil into (lie diazo-oxidi of 4-chIoro- 
! I-aniino-^-najihtholsiiliih'mic acid (Biidischc, 
I). R.-Jh 1,73298 ; Eng. P. 10995 of 1903). 

j NrniO-a-NArilTHyLAMTNKS. 

(i ) 2-Nitro*a-naphthyIamine is obtained as 
ace( vl dcnvatixc, mixed with acetyl-4-nitro-a- 
naphthylamine, by nitrating acetyl-a-najih- 
thylamino in aeotic acid solution. By limited 
liydrolysis of the pioduct with aqueous alcoholic 
eaustic potash, 4-mtro-a-na]>hthyianiine can bo 
siqiarated fixmi the acetvl-2-nitro-a-naj)hthyl- 
amine, wbicft is nmst convennuitly hydrolysed 
by boiling with aleoholn* hydroehloric acid 
(Lellnuifin and R(‘my, Her. 1885, J9, 797; 
i.ollmann, Ber. 1887, 20, 892). 

' Idniiificaiion —It crystallises from alcohol 
j 111 rf^iidish yellow', nionoclinic jmsms, m.p, 144®, 
and its acrfi/l diuivalivc in yellow' needles, m.p. 

! 199" (Lellinann, Ber. 1884, J7, 112). When 
j boded w'ltli excess ot caustic pota.sh solution it 
18 converted into t-mlro-a-naphihol. 

( 11 .) 4-Nitro-’a-naphthylamine, prepared from 
acetvl-4-nitro-a-iiaphthvlamme (v. supra) by 
hydrolysis with alcohohe jiotash (Liebermann, 
x\iinalen, 1875, 183, 232), can also bo obtained 
by mixing a-naphthyloxamic acid with nitric 
.acid (sp.gr. 1'35) at 30°-‘U)®, and hydrolysing 
i the jiroduct w ith alkalis or mineral acids (Lange, 
j i). R.-P. 58227); or by heating a-chloro-4-nitro- 
' naphthalene with 8 ji.c. alcoholic ammonia at 
i 1.60' -170® (Oriesheim, I). R.-P. 117006; Eng. P. 

I 7692 of 1900). * 

IdndificatioTU —It crystallises from alcohol 
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in orange needles, m.p. 191®, and its acetyl 
derivative in yellow needles, m.p. 100®. When 
boiled with aqueous caustic potash, it is con¬ 
verted into i-niiro-a-vnpfithoL 

4 - Ni t ro-a*n a p h t h y I a m i n e-^-s u 1 p h o n i e 
acid, obtained \vh<‘n a-naphthylamine-5-sul- 
jihonie acid, dissolved in 20 times its woiglit of 
sulphuric aetd, is nitrated below 10’. forms 
sparingly soluble, .small needles, and its •iodunn 
salt yellow scales (Bayor, I). It.-P. illllOOl ; 
Eng P. 0498 of 1899 ; c/. J>evjnstein, Kng. P. 
i:i)7H of 1899). 

4 - N 1 1 r o-a-n a j) li 1 li y 1 a m i n e-tts u 1 p li o n i c 
and 7-sul [ilionie acids are obtained by llic 
mtrition of the coriesponding a-nafihthylaminc 
siilphonic acids or llieir acetyl derivatives in 
suljihiinc acid solution. 'I'lie t)-sul])honi< acid 
and its salts ri'Spcctivoly are less s^diible than 
tlie 7-isoniendes {(’a.sscll.i, /). Ji-j*. 79r)t>2; 

74177; lOng P. I.'>4U nf IStt.'i), Diaz'dised, 
these acids, singly <»r inixctl, have been used as 
first* comjioiKuit in l ertain oco-dyes. 

(ill.) 5 Nitro-a-naphthy]3mlne can !»“ lue- 
jiared by {larti’d ieducti«»n (»f 1 : 5-ilimtis»ii.ipli- 
thalene v, it li alcoholic hydroircn suijilufh' 

(l9-il.st.riri and Kidiibcr'i. Amiulcn, 1879. l*>f>. 
87), or liy liydi'i'lysis of .^-nitio-a-naphtlivl- 
amine-tHuljihonic .nid (Nu'tyki and Ziibcleii, 
Her. 1889, 22, 4.52). o/, mixed with the 4- and 8- 
coni[)oiiii(!s, by nit r.it ion of a-na |>li t by lam nu- 
diKsoivcil in 10 times its weiglit <>1 siilphiiiic ai i'l 
(Meldola and Streutleild, < li<-m. Soc. Trans. 
WXi, tM, K'.V)). 

/(/'w/z/iVo/ioa.—It eiysl.illises in small, red 
ne(‘<lles, nip. 119®, and its 'iiuii/f deiivative in 
large, brown prisms, m p. 220 (Ifailisdie, 
J). R-P j4r)l9l). its sulj)liiflr IS li'ss soluble 
than (flat of tlic 4- or 8- isomcritle 

r>- .N 1 1 ro-a-naj)li t by la mine-2-su 1 jilion ic 
acid tain be pie[*aic(j by nitrating a-nu|ilit by I- 
amme-2-Hulplionic acid in sulplui/ic ucnl solution 
below 1.5' . The arid and its diuzo- compound 
aic spaimgly soltibh" (tki.ssell.i, I). R.-T*. 70890). 

5-N itro -a-na]>bt hy In minc-4-.sn 1 jilion i c 
acid IS formed when acctvl a-nafihthylamine-4 
suljilionie acid, mixed with sulpliuri<- amd, is 
nitrated in <he cold, and the iirodiict de- 
acetylatcd by hoiling it with dilute at id. 4’hc 
acid HA crystallisea in ncetlh's. • 

A nitro-u-naplit hy Iamiiicsulphonic 
acid, probatdy isoincrn: with these aeitl.s, is 
obtained by reduclitm of 1 ; 5-tljnitrona])hthal- 
ene-3-8ulphomr acid with sodium sulplwlxj or 
bisuljibile (Hoch.st, 1). H.-P. ll72t)S) 

(iv.) H-NItro-a-naphthylamine occurs to the 
extent of 0-8 p.c. in the product olitairied by the 
nitration of a-naplit’ivhiimne in Kulpbunc acid 
solution. It crystallises m red scales, m.p. 90'"- 
97®, -and its acetyl derivative in needles, m.p. 
187®-188“ {Meldola and Strcatfeild, l.r.). 

(V.) 2 : 4-Dinltro a-naphthylamrne < nn be ob¬ 
tained from acetyldinitro-a-naphtliylamine by 
hydrolysis with 50 p.c. sniphiirie acid at KKP 
(LielH'rmann, x\unalen, lH7t), 183, 274 ; Mt'ldola 
and Forster, Chem. Soc. Proc. 189,1, 9, 8); or 
from 2 : 4-dinitro-a-naplithol by heating it with 
alcoholic ammonia under iiressure at 15)0®-200® 
(Witt, Ber. 1880, 19, 2033 ; Morgan and Evens, 
Chem. Soc. Trans. 1919, 115, il291. It crystal- , 
Uses in yellow needles, m.p. 237®, and its <i£btyl 
tlerivative in yAlow needles, m.p. 250®. 

ieeadioTw.—When heated with aejueous i 
VoL. IV.—T. 


alkalis, it i.s converted into 2:4-dmdro-a- 
iuiphthol. Diazotisation in c^noontrated siil* 
pliunc acid solution converts the base or its 
acetyl derivative into 4-«t7rowrTp/i//ud(’iif-l* 
dinzo-i-oxtdc (Friedlander, Ber. 1896, 28, 1951 ; 
Morgan ami Evens, l.c.). 

(vi.) 4: 5-Dinitro a-naphthylamine is formed 
by the nitration of acetyl-S nitro-a-ftiqihthyl- 
amine suspended in sulphuric iieid, and hy'dro- 
lysis of tile product by boiling with dilute acid. 
It ciystidlisc's in orange scales, m.j). 23l>", and 
Its arrii/l deiivfitivi' in velhnv iicedh'S, m.p. 244® 
(Hadische. ]). R.-P. J45I91 ; 158499). 


(!*•) /?-Naphthylamlne 

- anniio/aijdilhalenf) was first jirepared 
V \/ by leductnm of I-bromo-^S lutro- 
naphtliiih'ne by tin and liydniclilorie nci<l 
(Li"beim,iiin ami Si lu'iding. Aumilon, 1870, 183, 
2(i4). It IS obtiiiiu'd, mixed with varying pro- 
poitions of /^/T-dinapbtliy liimine, when 
naphthol i.s hcateil with amnioiiia at ItiO® umler 
pressuit* fur 9l)-70 hours (Hadisr’lie, 1). R.-l*. 
I4t;i2). o) with twice its wi-iglif of jimmonia-zinc 
ebloride at 200 21t> for 2 hours (Merz and 
\\’<‘itli. Her. 1889, 19, 190(0, or with 4 turn's its 
wiaglil of anliy'drous in hvdrated amnumia- 
cah-iiim chlondi' at 270 - 280' for 8 hours (lienz, 
Per JS89, )(>, 19), o/, as dry sodium compomKl, 
with aminoiiium clihiruh' at 200® for 24 houis 
(Ochler, Eng. 1* (pr<»v. hjk'c ) 25|t)of iHHtI), or 
by the iasul})h!te metluKl, wliieli icquires a 
jireHSLin* of not more than 5 1) insteacl of ,50-00 
atmospheres ami gives a better yield tlian the 
oldei prore.s.s('s. 

J’lefiaratioii .—^^-Najililhol (144 pts.) is heated 
w’lth 22 p <' aiiinionium suljiliite solution 
(000 Jits ) ami 20 ]).(•. ammonia (125 pts.) at 
UMl’-l.50’' in an autoclave piovideil with a 
stirn-r, until in the eouise of about 8 hours the 
itonverKioii is eomjilete. Above 160 , 
dinapht liylamiiie begins to be formeil. Wlien 
{•old, the )9-naj)htliylaimne is remo\ed by liltra- 
tiori, the filtrate being used for a subsequent 
ojsuation. Jt IS Ihmi extraef.ed by hot dilute 
caustic soda solul.ion to remove )3-naplithol, 
dis.s<>!vcd in dilute hydrrtehlonc acid in which 
^^'-ihnaplithylAniinc is insolubh*. recovered 
from solution by the addition of alkali and finally 
rli.^tilled in a vacuum. 'l'h(* yield is almost 
quantitalive(Hadis<-lie, IXK.-P.i 17471, Eng. P. 
1987 of 1900 ; Puchcrer, J. pr. (!hcin. 1904, |ii.] 
^t)9, 88). 

Jdt nfifiraiion. —It crystallises from alcohol 
in coloiiilcss, lustrous scales, melts at 112®, 
bolls at 294' (Licbermann and Jacobson, 

' Annalen, IHH2, 21 J, 41), is moderately volatile 
with steam, and dissolvi's easily in iiot but only 
I sparingly in cold water. 'J'he solutions of the 
I bas(' siiow’ blue fluorescence; thos<; of its salts 
' arc non-tluorcsccnt. 'I’hc hydrochloride H'H(3 
forms non-Hiiorescent scales, easily soluble, and 
the nilrale H JINO,, and sulphate 
scales, s])anngly soluble in water. The plaiini- 
chloride crystaJlises in scales, and the picraie, 
from alcoliol, in long yidlow needles, m.p. 196®. 
Unlike a-naphtliylanune it gives no colour 
reactions with ferric chloride, chromic acid, 
bleaching powder, or nitrous acid. 

HemUom .—It couples with diazoiised bases 
as the end component of uzo-dyes. From its 
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diazo- compound, ^-naphlfiol can be obtained (Lie- | 
bermann, Annal^n, 1870,183,268). Its nitratte, i 
by nitration, gives a mixture of B-nitro- and 
ii’nitro-^-iiaphthylamine. On sulphonaticm, it i 
furnishes a senes of mono-f di-, and tri-sulphomc \ 
acids. 

Reduction in boiling amyl alcbhol solution ; 
with sotRum converts it into w.-tdrahydro-^- , 
naphthylandne with about 3-4 p.c. of the an- : 
derivative. When heate<l alone, or with 
calcium or zinc chK>ride, it is converted partially ' 
into •diruiphlkylaimne and ammonia, but 
with sodamide, mixed with naphthalene at 230“, , 
it gives 1 : {i-aiuvuno'iiaphthalaie. '■ 

Tests .— fi-IS’apbtliylamme should be five 
from fi-napntho] and /^^'-dinaphtliylarmne, and 
themorc should he completely soluble in dilute , 
hydrochloric acid. It should also have the ! 
right melting-point. 

Acyl D< riv(i(iv€. 

Acetyl-/8-n a p h t h y 1 a in i n o 
thalide.), obtained together with about 14 p.c. , 
ol )9^'-dinaphthylumine when ^-najilitliol is 
heat«(J with ammonium acetat<- at 270'’-2H0® for 
8 hours (Merz and W’eith, Ber. 1881, 14, 2343 ; 
Calm, Bcr. J882, 16, t>10), is best prepared by 
)x)ilmg )9-naphtliyla:«ine with 1'26-16 times 
its weight of glacial acetic acid for 12 liouns, the 
^^’-dinaphthylamine (about 10 p.c.) formed 
being readily separated by crystallisation Irom 
alcohol, m which it is only sparingly soluble 
(Liebermann and Jacobson, Annulen, 1882, 211, 
42). , 

Properties.^ It crystallises in lustrous scales, i 
m.p. 132® (Cosiner, Ber. 1881, 14, 50), dissolves , 
readily m alcohol, but only ej)aringly in water, 
and is more easily bytlrolysed by dilute acids 
than by alkalis (Calm, Lc.). 

lienctwiis .—On chlorination, it yields acetyl- 
\-chloro-^-naphthy\aiinnc. Nitration converts it ■ 
into acetyl-i-nitTo-^-iKiphthytamiiic. ]ly sul- 
phoiiation with sulphuric acid, it iurnishes 
acelyl-^-naphthylamna -B-bulphomc acid at 20“- 
30®, or acilyl-B-naphihylavnm-l-s'ulphonic acid 
at I60®—160® (Kinzlberger, 1). P. Anm. K. 6732),^ 
but with chlorosulphopic acid aatyl-B-naphthyl- 
amineA-sulphomjl chloride, m.p. 19- (Hochst, 
D. R.-P. 292367). 

Alkyl Dcnvalives. 

Methyl-fi-naphtbylaminc, obtained by 
heating /S-naphthol (100 gr.), methylamiue 
hydrocliloride (76 gr.), and 6N caustic soda 
Bolutiuu (190 c.c.) under piessure at 200®-220®, 
is an oil, b.p. 317“ under 766 mm. or 207° under 
60 mm., which yields a nitrosaniine, needles, 
m.p. 88®, and an acetyl compound, pnems, 
m.p. 60°-61° (Morgan and Evans, Chero. Soe. 
Trane. 1919, 116, 1141; cf. Peclimann and 
Heinze, Ber. 1897, 30, 1786 ; Psehorr and Karo, 
Ber. 1906, 39, 3142). 

Dimethyl-^-nuphthylamine, prcpaied 
by heating /J-naphthylamine (1 mol.)with methyl 

^ Acetyl-^-naphtliyluminoBiilphoaic acids are also 
obtained when sodiimi ^•uap!lt^ylamine•5', 6-, 7-, 
or 6-8ulphonate In aqueous solution is warmed witli 
acetic anhydride at 60^-60® tor a few minutes. The 
sodium salts, obtained by salting out, and the acids 
derived from them by acidification, ore crystalline, but 
much more soluble in water than the corresponding 
naphthylamiue compounds (Hochst, D. B.-P. 12900U; 
Kng. P. 17800 ol 


iodide (3 mols.), caustic soda (2 6 mols.), atid 
water (6 mols.) at 120® for 6-6 hours, converting 
the quaternary iodide into chloride or hydroxide 
and evaporating the aqueous solution of either 
to dryness (Morgan, Chem. 8oc. Trane. 1900, 77, 
822; cf. Bamberger and Muller, Ber. 1889, 22, 
1306), forms scales, m.p. 46®, b.p. 306®. Reduc¬ 
tion ill amyl alcoholic solution with sodium 
c< »n verts it int< i ar. -ictrahydrodiineikyl- j8-napA- 
Ihylanituc, mixed with a very small amount of 
the ar.-derivativo. 

t h y 1-^-n a p h t h y 1 a m i n e, obtained by 
boiling a solution of &-naphthylannne (lOpts.) 
m alrolud (30 ])ts.) with ethyl bromide (8-6 pts.) 
during 12 liours (Fischer, Ber. 1893. 26, 193), 
IS an oil, b.j). 306' under 716 mm., 191® under 
25 mm. (Bamberger and Muller, Ber. 1889, 22, 
1297), or 316®-316® under 760 mm. (Vaubcl, 
Ohem. Zcit. 1903, 27, 278). 

lieaetionfi. —It couples with diazotised bases 
furmshing azo- dyes. Reduction in amyl 
alcfJjolic solution with soilium conveits it .into 
a mixture ol ar.- and &c-ictrahydroethyl-^-mph- 
thyldimne, tlie «r.-derivative being the chief 
product, (in 8ul]>bonation “ with weak anhydro- 
acid at a moderate tenijicraturc, the 5-sulphontc 
ac id, mixed with a small quantity of the H-sul- 
phonic (Kid, is formed; with monohydrate at 
! 140® the '1-sulphomc acid is obtained ; and with 
,20 p.c. anhydro-acid at 110®-120®, the 6:7- 
; disuipfionic acirf® is produced. 

l>ietbyl-)3-naphtiiylamine, obtamed by 
lieating )S-naphlhylamiiie (39 gi.), caustic soda 
(22 gr.), watei (22 e.c.), and ethyl iodide (86 gr.) 
at 120® during 7-B liouis (Moigan, Them. 8oc. 
I'rans. 1900, 77, 823), is an oil, b.p. 316® under 
717 nun., whuh on reduction in amyl alcobobo 
solution by sodium furnishts ar.- mixed with only 
a small amount of ac.-tctraliydrodiethyl-^-wiph- 
thylamine (Bamberger and Williamson, Ber. 
1889, 22, 17(>0). 

Aryl JJeriratwes. 

Phenyl-, tolyl-, and other aryl-jS-naphthyl- 
amines can be prepared by beating ^-naphthol 
: with the respective base (or its hydrochlonde) 
under pressure at 200°-2J0® for 10 hours either 
aloTie (Graebc, lier. 1880, 13, 1860; Badisebe, 
Jh li.-V. 14612; cf. Oebler, Eng. P. 2616 (prov. 
spec.) of 1800), or wuth the addition of ammonia- 
zine chloride (Merz and W'cith, Ber. 1880, 13, 
1300)-^ The yield is almost quantitative when 
i )9-naphthol (1 mob), the base (2 mols.), and 
' anhydrous calcium chloride (1 mol.) are heated 
together at 280® under pressure for 9 hours 
(Fnodlander, Bcr. 1883, 16, 2077), or when 
jS-naphthol and the base are heated together 
with 1 p.c. of iodine at 180®-190® during several 
I hours (Knoll & Co., i), R.-P. 241863; Knoeve- 
' nagel and fclukow, J. pr. (’hem. 1914, [ii.] 89, 
17). These products dissolve in the ordinary 

^ Alkyl-^-Dapht}iyIaIlline8ulphoDic acids have been 
obtained by lieating solutions of the respective sodium 
^-napiithylamincsulphonates with the alkyl cliloride 
or sodium alkylsulpliate under pressure. The derived 
: disazo- dyes are much bluer in shade than those trom 
the non-alkylated acids (Bayer, D. E.-P. 41506). 
i * Kthyi-0-naphthylamiue-5 : 7-di8ulphODlc 
acid is nut desulphonated either by sodium amalgam 
I in the cold or by dilute acid at 160"-170°; when fused 
I with caustic alkali it yields ethvl'2‘aTino-B-naphthol‘7- 
sulphonic acid (Looniiardt, 1). jEt.-P. 95624; Eng. P. 

, 10669 of 1695). 
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organic solvents, and, when heated with hydro* 
chloric acid under pressure at 240®, regenerate 
^•naphthol and the base (Friedlander, l.c.). 

Phcnyl-^-naphthylamino is obtained 
when ^-naphthol (144 pta.), aniline (170 pts.), 
and iodine (1-2 pts.) are heated together at 
180®-190^ during 7 hours, and the product, after 
successive extractions by dilute acid and by 
dilute caustic soda solution, is distilled in a 
vacuum (Knoll & Co., l.c.). 

IdenUjimlion .—It hn’ins needles, ni.p. K^H®. 
b.p. 305® (Crafts, Annalen, IHSn, 202, 5) or 237"" 
under 15 mm. (Knoll & tk)., l.c.), is moderately 
soluble in cold solvents, and m solution shows 
blue fluorescence. The Jn/drochhride is a 
crystalline powder, decomposed by water. The 
acetyl derivative, m.p. 03® (Strmff, Annalen, 
1881, 200, 157) has been used as a stabiliser lor , 
nitrocellulose powders (Ryan ami Unnnm, | 
Proc. Roy. Insh Acad. 1018, 34, [B] (8), 105). 
The nitroso- derivative forms prisms, ni.]). 03® 
{.Streiff, l.c.). The/oZMcwr-p-.sM/p/uwi/f derivative, 
m.p. 133®, reailily furriislu's l-wi/ro- and 1 : 0- 
dimiro-B-na'ithlhiiUnmnc (IMorgaii and Mickle- 
thwait, Chein. Soe. Trans 1012, JOl, 148: 
Aktieriges., I). R.-P. 104130; Kng. P. 27407 
of 1004). 

RfocJioJis .—It couples with diazotised basi's 
forming azo- dyes. When sulphonated witli 
4 times it-s weight of rnoiiohydratc below 50 ', it 
yields a mixture of the 5- and H-moho-^ulphotnc 
arw/.s-(Zimmer, I). H.-P. 45040; Kng. P. 13708 of 
1888; ('layton Amlino Co., 1). R.-P. 53040; Png. 
P. 10034 of 1880; Lesser, Her. 1804,27,2304; 
Bayer, I). R.-P. 70340; Bug. P. 7337a of 1802). 

o-T o 1 y) -^-n a p h t h y 1 a in i n e, prej>ari‘d aim i- 
larly to the jihcnyl derivativi*, forms scales, 
m.p. 05°, b.]). 235®~237® under 14 min. (Knoll S:, 


I when ^-naphthylaroine ia heated at 280®- 
30^® during 8 hours (Benz, 1883, JO, 14); 
i and in larger amount when it is heated with 
' calcium chloride at 200®-280° (Mere and Weitli, 

; Ber. 1881, 14, 2343), or boiled with glacial ncetio 
! acid for some hours (Liebermann and .laeobson, 
I Annalen, 1882, 211, 43), or heated at J70®-P.K)® 
in a current of hydrogen ehlonde (Klopsch, 
Ber. 1885, 18, 158(i). A by-product in the 
I manufacture of )9-naj)hthylaniine, it is obtained 
’ in large amount when jS-naplithol is lieated with 
' ammonia zinc ehlornlc at 280® (Merz and Weith, 
j/.c. ; (‘aim, Ber. 1882, 15, 014; Benz, l.c.), 
! or with ,8-riajihthylamino (Badische, 1), H.-P. 
j I4()12), or with /)-naph1hylaimno and calcium 
chloride at 270"-280® (Benz, l.i\). 

Pufxuotiou —An almost quantitative yield 
is obtained by boiling a solution of ^ff-naph- 
thylamirie (J pt ) in alcohol ((> pts.) with sodium 
hisiiljiliite Holutne- of 40' Be (»> pts.) in a reflux 
, apparatus for 24 h<nirs (Bayer, 1). It.-P. 114974 j 
j l']ng. 1\ 22804 of J8!»9), or by heating ^-naph- 
j thylamme with 0-5 p.c. of iodine at 230'’' during 
i 4 hours (Knoll k Co., I). H.-P. 24J853 ; Knoeve"- 
j nagel, J. jir. ('hem. 1914, |ji.J 89, 23). 

I Properties. —It eryslalliseH in scales, m.p. 
j 171®. b.p. 471" (Kis, Ber. 1887, 20, 2019). 
j Dissolved in alcohol or iieiM'.ene, it shows intense 
! blue fluorescence. When heated with hydro- 
I chloric aci<i at 240", it yndds )3-naphthyIainin0 
I and ^-naphthol quantitatively (Ris, Ber. 1880, 
j 19, 2017), and, with sulphuric acid, mixtures of 
I the isonicne ^-naphihylamine- and ^-naphthol- 
sul))home acids (Sandoz, I). R. J’. 04859). 

The 7: ’I'-dioulphomc and has been pre* 
pared from )y-naphthyIamine-7-8ulphonic acid 
by the bisulphite method (Bayer, l.c.); Iho 
5 ; rZ-diftydroxy-l: T-disulphonic acid from 


Co., D. R.-P. 241853). On snl]ihf>nalion below 
50® it gives a mixture of the 5- and S-mo7toailph- 
onic ncid^ ((’layton Aniline Ck)., 1). R.-P. 57370 ; 
Eng. P. 5155 of 1890 ; c/. Bayer, l.c.). 

/>-To 1 yl-;K-n a pht h y lam 1 ne forms scales, 
m.p. 103®, showing in solution blue fliioreseenoe ; 
its acetyl derivative, needh's, m.p. 85® (Fncd- 
lander. Her. LS.s.j, 10, 2079). 

Uf the jj/" n.yl-(o~ or p-tohjl-)^■imphihylain'tne- 
eulphonxc acids, the 5-, 0-, 7-, or 8-sulphonic, j^nd 
the 3:0- or 0 : 8'disul])honic acid can be ; 
obtained by heating the eorrespond-ng jS-najih- 
thylaminesul()honic acid with aniline (o- or 
;)-toluidine) ami its hydrochloride at 100®-170° 
(Bayer, 1). R.-P. 70349, 71158, 71108; l^lig. P. 
7337a of 1892). Les^ satisfactory results fedlow 
when the corresponding jS-najihtholsulphonie 
acid is heated with th<‘ base and its hydrochloride 
at I90®-200°(AktiengCb., D. R.-P. 38424), but if 
the bisulphite method is used good yields are 
obtained (Badische, D. R.-P. 122570; Eng. P. 
1872(5 of 1900). The acids ar« moderately 
soluble in hot water; the sodium salts may be 
separated from solution by salting out. When 
coupled with dinzotised bases they form azo- 
dyes which are bluer m shade than those from 
Aryl-a-naphthylaminesulphonic acids. 

^)S'-Dinaphthylamine^ is formed (3'5 p.c.) 

1 oa'-Dinaphthylamine, obtained by heating a- 
naphthylamlne witli its hydrochloride at 150“, forins 
scalea. m.P. 113* (Girard and Vogt, Bull. Soc. cldni 1872, 
(li.l ife, 68: cS. Calm, Ber. 1882, 15, 616; Benz, Ber. 
1883, 16, 10). Jfi'-Dinaphthylamine, obtained by heat¬ 
ing a-naphthylamine with 0-naphtho] and calcium 
cluorlde, forms prisma, m.p. 110'’-111" (Benz, l.c.). 


2-amino-5-naphthoI-7-su!phonic acid hy the 
bisulphite method (Bayer, l.c.), or by beating 
it with water under pressure at 200° ; and the 
H : -dihydrojy-Vx: (i'-dimlphonic and from 
2-arnino-H.najihthol-fl-Hulphonic acid by tho 
latter metluKi (Bayer, D. K.-P. 121094 ; Eng. Jk 
24290 of 1899). The dihydroxy-compounds 
eoiijilc with diazotised bases, yielding azo^ dyes 
(cj. Bayer, D. R.-P. 114841 ; 221124; Kng.‘p. 

' 2429(i of 1899). 

;3-NArHTHYLAIdlNE.SUL?HONIC ACIDS 
Introductory. — jS-Naphthylamincsulphonic 
, aiuds are obtained by the following motliods;— 
(J) By Bulphonation of /9-napht!iylaminc or 
of the derived ^-naphthylaminesulphonic acids, 
j 1'he product in most cases is a mixture of acids, 
j from which the more soluble constituents 
I cannot easily be obtained pure. * 

(2) By heating the sodium salts of the 
corresponding ^-naphtholsulphonic acids with 
ammonia under prt'ssure. Except with fS-naph- 
thol-J-sulphonic acid and its derivatives, this 
reaction gives a satisfactory yield of a pure 
product, and the ease with which it takes place 
increases with the number of sulphonic groups in 
the molecule. 

I (3) By heating tlie sodium salts of the 
J corresponding )9-naphthol8ulphi»nic acids with 
' ammonium bisulphite solution and ammonia at 
1(K)°-159® (r. p. 416). The process is applicable 
to all acids which do not contain a 4-suliphomc 
[ group, and is of value for the production of the 
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6-, or 7-, or S-monosulphonic acid, as each of the 
corresponding ^inaphtholsulphomc acids is «b- 
tained in a pure state much more easily from j8- 
naphtholijfchan is tlie ^-naphthylamiuesulplionie 
acid from the mixed acids ol Die sulphotiatioti 
melt (ry. Bueherer, J. pr.C’hcm. l!K)4,|ii.]7U,:f57). 

(4) By reduction of ^-nitronajihthalene- I 
8uI]»hom(? acids. Only two acids an- olitamcd 
in this way, m. the 4: 7- and the 4.8disul- 
phonic acids, hut for the jirothiction of the latli'r 
no other modi* of pri'pand iDn lias l>een desenhed. 

Pour moriosuljihonic acids, all of tliem 
hetoronuclca!, an* hnown to lx* formed hy the 
8iilj)hoiiation of /S-naphthylaminc; six disiil- 
plionic acids liy thi* siiiphojiilion of mono- 
suljihomc. acids; and six tii.sidphonic acids 
by the Hulphonation of disul])lionie acids. 
For the Kul])honation of /J-najilitliylanimc, 
suljihuric acid is used, hut Jor that of the ' 

'S 

sAAni[„ 


sA^/^nh.. 


monosulphonic acids 20 p.c. anhydro-acid, 
and for t)iat of the disulphonic acids 40 p.c. 
anhydro*acid are required, the end of the 
di- or tri-sul]ihonation being ascertained either 
by the solubility of the product or by the 
behaviour of the diazotiaed acid with R-salt. 
'riic effects of concentration of the acid, of 
temperature and of duration of tlie reaction on 
the nature of the jirodiict, correspond tvith those 
traced out in other oases of sulphonation 
(?’. ]». 4i;{). It should he noted that sulphonation 
Ml tile ]-)M)sition occurs only when at least one 
other Nulplionic grouj) is juesent in the molecule, 
and that the I sul})lionic group when present is 
th(‘ lirst to Ik* (‘liininatcd hy liydrolysis. 

The following 'jcheinos iliustrate the order 
m winch suljihoiue groujis are introduced into 
the molecule of the isomeric monosulphonic 
acids:— 
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The transformation into the 3:5: 7-trisulphonic 
acid which jS-naiihthylamine-l: 5:7-tiisulphonie 
acid undergoes in t he presenee of 4U p.c. aiihydro- 


acid at 140^^' la only less remarkable than that 
which has Been shown to oeeur with the 1:3:7- 
tn.siilphonic acid imd(*r similar conditions 
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/9-NaphthylammenionoHulphonio acids are 
very sparingly soluble in water. The di- and 
tri-sulphonic acids dissolve easily in water, but 
their acid salts afe less soluble, and are precipi¬ 
tated instead of the aeids when a mineral acid 
is added to solutions of their alkali salts. 

As sources of azo-dyes, the y8-naphthylamine- 
sulphonic acids are less important than the 
a-oornpounda. Many of the dyes obtained by 
coupling them with tetrazo-dcrivativos are of 


little value (cf. (’assella, J). H.-P. 4(5711); more¬ 
over, the j8-sulphonio acids cannot be used as 
middle components in polyazo- dyes, as the 
NtU radicle, after coupling has taken place in 
the ort/io-position relatively to it, does not 
interact with nitnte to form a diazo- compound, 
but an azimino-like derivative which is incapable 
of coupling {cf. Bayer, 1). R.-P. 79816 ; Eng. P, 
9972 of 1893). 

)3-Naphthylamine8ulphonic acids containing 
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either 1- or S-sulphonic groups do not form azo- 
dyes, but diazoamino- compounds when coupled 
with diazotiscd bases. Those containing a 1- 
sulphonic group exchange it for hydroxyl, giving 
tho diazo-oxidcs of fi-amino-a-naphthol deriva¬ 
tives when diazotised and afterwards M'armt‘d at 
CO'^-OO" with excess (2 niols.) of 8<Kliuni carbon¬ 
ate solution (cf. Hadische, I). U.-P. U8.SS2). 

^-Naphthvlaniinesulphonic acids continuing 
a 4*8ul])honic gioup, like (h«“ /ac/a-suljihonic acids 
from a-naphthyhinunc, yield bydnixytoluu- acids 
by prolonged heating witli caustic alkali solution 
at 28(r, but, unlike them, iiu- not eoiivci ted into 
dianunonaphtluilciK's iilien hc.jle<l under ])ies- 
sure with amiiuuiin. 

Unlike a-naj)htliylanunesulphonj< iH'i()s\\Inch, 
when dig(‘ste<i with c.iiistie .ilkali solution, ex¬ 
change the XU,^ for an Oil ladicle. ^-na|»lithyl- 
aminesiilphonic acids under .similar eouditioiis, 
retain the ammo- croup, excbiuiginc an a-SO,II 
for an OH radmlc, thus furnishing aminonaph- 
tholsiilpliomc acids of wlucli liicy me an nil- 
]ti)rtani hoiuc<\ 

From /i:!-naph1liy!amiu<'-;i. <)- ami ; 7-<lisul- 
phonic iicids, <-'ii bainide dein ativi's have Ina-n 
obtaiiu'd hy methods similar to those employed 
w'lth a-naphlli\I>mincsiilpiionic iuids (Jia\er, 
U. K.-Jh 28827:5; r j) Pi!)} 

^ NArilTIIYLAMlNLMONUH’ I.CRONK' A('II)S.’ 

(i.) /J-Naphthylamine-1 sulphonic acid (7’o- 

hia.s\Hacid) is idtiaincd vduui sodium /J-naplithoI- 
l-Hiilphonate IS heiited with 4 o times it.s vieigJit 
of 15-2tt pc. aipicous ammoniJi loi 2U houis at 
220"-2:50'. 'I’iie juoduct when laild i.s hitcred 
to remove fi-tia]>hthylamme <in<l the filtrate 
mi\e<l with hydioehhuie ar 1(1 to |m‘ei))itiite the 
'J'ohias acid from unchanged /J-najihtholsiiI- 
phonato (Tolua.s, I). H \\ 74tiHH. Fnc P. 
I.')404 of iSfK}) If, houev(‘t, the l.isnlj,|iH(‘ 
inclhod b<‘ ii.scil, the jnodiutKui of ^-naj))ith\I- 
amine is cntiielv avoided tl>ucheicr. .J ))i 
Uheiii. HKN, |ii | UK uni: Badi.HcluN I> it.-l*. 
117471 ; Fng. P. 1387 of J5«)0; c. j). 41tl). 

IdintiJirotioH .—The ni'id scpauf^c's in 8}»ar- 
ingly soluMc anhydrous scalc.s from hot, or in 
efflorescent hj’dratcd needles from cold wa4cr, 
the sodium salt NaA-| 11^0 in e;isiJy soruhle 
scales, winch give a non-lliioTcsc^ni. solution 
(Tobias, l.r ). it is conveitible into ^-rhloio- 
'mphthalrnc l-si^lphoui/} rhiondi\ in.p. 7h^. (Arm¬ 
strong and Wynne, Uheni. vSoc Proc. Jxllf). II, 
238), and 1 : 2-di<h!oromphl}>al( fi' (Armstrong 
and Wynne, l.c.; 3'ohias. Lc.). 

iteadions. —Dia/ufisial, it forms the first 
comjKment in certain inucli used nzo- dyes {cj. 
Kadische, l>. R.-P. 112833; Eng. W 25511 of 
1899). From its sparingly soluble, crystalline 
diazo- compound, ^-naphthol-l-^dphoinc acui 
has been obtained ('I'obiHS, l.c.). Wlnm heated 
at 230° in a dry neutral almosjihcrc, its sodium 
salt. 18 converted into sodium p-mphihylHxdpha- 
male (Tobias,/.c.) On sulphonation with 20 p.e. 
anhydro-acid it yields B-iMpIdhijlumine'V : 5- 
disidphonic acui. i 

(ii.) fi-NaphthyIamlne-4-$ulphonic acid is ; 
obtainea when ^-naphth(v|.4-sulplionic acid is 
heated with ammonia under pressure (K^lle, 

' In every Sase where the constitution of a 
naphthylaminesulphonlc acid is (riven, the XHj group . 
is supposed to be in the position ‘ 2.' 


I). R.-P. 78003), or, mixed with the S-sulphonic 
a<?id, when )3-naphthyIamin«.4: H-disulphonic 
acid is boiled with zmc-diist and dilute caustic 
soda solution (Kalle, D. K.-lk 233934^1 

Mrt/i/iai/to/i.—The (icid HA + H^O crystal- 
lines in spariiiglv soluble, long, while needles; 
the pot'tssium salt KA-|-1 jff d) in simijl needU» ; 
and the sodiinn salt NaA + 4H.() m scales Tho 
Hiiliition of the MKliuin salt show.? violet fluores- 
cence. 

Jimcfivu'i.— ll idiipli's with dia/.otiHed bases 
forming (Co-dyes. Hs duizo- conipounil is only 
sparingly Moluble. Jiigi'stnui with 00 p.c. 
cau.'^tic soda soltdion at 2:iO'-2H()" converts it 
into o-tohne ucul (Kalle, D. Jt.-P. 7902k ; Eng. 
i*. Id55!> (.f 1894). 

(Ml ) ^ Naphthylaminc 5 sulphonic acid {[y-] 

(Hui ; j)idd find), mixed with (he 8-siilphonic 
acid, liH.s been .‘•taU'd to foi m about 40 j> c of tho 
product t»!>tajm .1 wJicii /f-iiaphthylaniiiie is 
heated with :! times its weiglil of suipluinc lu’id 
at 19(1 1(15 ', or about 55 p c. (4 iluit. olitamcd 

when fi iiapliiliyl.umnc siilphiilc is suljilumuted 
al' 1.5“ 29' with :5 times its weight of 8iilj(huric 
acid {Dahl, D. P -P. ;{2279). ..i (is 79 p.c. of that 
<d)(amcd when /f najdd}i\laniinc is .sulplionalcd 
with ,'{ times its weight (d 29 ]).('. anhydio-aeid 
at 79 -89 (Dahl. I). R.-J’* 2:t0H4 ; Eng. P. 7712 
of IHKI). According to (Jii'cn and Vukil, it 
constitutes 55 <)0 |) c. (jf th(‘ product formed 
wluii /f-na]»hthylaminc is suljilumuted with 
sulpliuMc acid (I pts ) or 29 pc. anhydro-aeid 
(:{ pt.s ) at 20“ 89 during 5 hours {('hem. »Soc. 
Trans. 1918, Ii:{, 3S, r )). 413). It is also 
(ditamed when aci'tvl-^-naplitliylamine is siil- 
phoiiatcd at 29 -39' with 5 times its weight of 
sulphunc acid, and tin* jiroduct de-acei^ lated 
hy Ixuling it witli water (Kinzlheigcr, i). P. 
Anm. K. 5732). 

i*rrp<mi(ioii. —^-Nu]»}ithylaimne suljdialo (85 
jtls ) IS stilled w'ltli suijihuiic acid (279 pts.) at 
15 -20 during 48 79 lioms until Hiiljdionated, 
the pn»ducl then jiouied into watei, the ]»reci))i- 
t.ited acids converted into sodium salt, and tho 
dry sodium salt extracti'd by boiling IKMIS p.e. 
alcohol, in winch the H-sulphonaU- is lusoluhlc 
The rcsidm! left after semova! of the atcoliol 
from the filtrate hy distillntioii, is dissolved in 
water; t he acids precipitated hy hydrochloric 
acid are coin cried intti barium salt, and this 
■cry.stalliHcd fraetioiially to sc[iaruU‘ the sparingly 
soluble ()• and 7*suiphonates which may be 
present in small quantity. A jmrtial separation 
can he effeeted previous to tlm cxlraetion with 
alcohol by converting the suljihonation product 
into th(‘ hanum or calcium salt, and allowing 
the 9-, 7-, and H-sulphonates to separate, 
far as jioHsihlc, from the concentrated solution 
(Dahl, 1). R -J’. .32271, 32279). 

IdcniijicfUion. —'J’he ucid HA forms needles 
or scales, soluble in 29() jiarts of boiling or 13(K) 
parts of cold water. 'J’iu! salts diMSolvc easily 
in water, and, like the acid, show reddish-blue 
fluorescence in dilute solution. Thc6om»i salt 
HaA^-|-2Ul^D forms granular aggregates; the 
calcium salt ('aAj-f 11 Hj,0, needles, soluble in 
J1 parts of cold water; the potassium salt 
KA-fHjjO, small rhombohedra; the sodium 
salt NaA-f SHjO, prisms, soluble in 10 iiaii# of 
boiling 95 p.c. alcohol; the amni/)nium salt, 
plates {cf. Foraling, Her. 1887, 20, 2103). It is 
convertible into p<IUoronnphthal€7i€'5-sulphonyl 
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chloride^ prisms, m.p. 70®, and 1: fl-rficWoro- ; 
naphthalene (Armstrong and Wynne, Chem. 86 c. • 
Proc. 1889, 6 , 48; Cleve, Bcr. 1892, 25, 2481 ; 
Foraling, 6 r.). 

Reactions. —From its sparingly soluble diazo- 
compound, B-naphthol-5-sulpkontc acid has been 
obtained.* Fusion with caustic potash at 
270® converts it into ^-amino-b-naphthoL On 
euiphonation with 20 p,c. anhydro-acid in the 
cold it yields a mixture of ^-mphthylamine~6 : 7- ' 
duulphonic acid witlj tlu' J : t-disulphomc <md : 
as minor product. ' 

(iv.) ^-Naphthylamine O-sulphonlc acid 
ucul; JiToiincr acid) oeeurs to the extent of about 
50 p.c. in tlic ])ro(luct formed when ^-najihthyl- i 
amine sulphate, or ^-naphthylamine-5- or 8 * , 
sul phonic acid is heated witli II times its weiglit 
of Hulpliuric acid at ll)0®-170® for 2 hours (f. i 
7*Hulphoni(! ac^d). is alsu produeed, inix«5<l 
with a small proportion <»f thf 7-sulj)lionic acid 
(Bayer and Duisberg, Ber. 1887, 2d, 1429), when 
^-naphthylamine hydrogen sulphate is baked at 
200®-2i0® for 2 liouns (Liebmanri, \). P. Anm. Jj . 
11205); or when ( 8 -naphtliylamine is heated with 
II tunes its wiaght of ]>otassimn bisnlphatc at 
alxmt 230® (Bisehotf and Brodsky, Ber. 1890, 23, ! 
1914). 

J*nparatiov. — )3-Naphthylainine-()-Hulphonic 
acid and its salts, being niueh less soluble in 
water than tlie 7- com})oun<is, can be sejiaratc'd 
without imich difficulty by fractional crystallisa¬ 
tion from th<‘ prodiiets obtained either by 
sulphonating B-naphthylaininc und(‘r the con¬ 
ditions just described, or by heating inijiure 
/ 3 -naphthol()-Hul phonic acid, eonlatmng the 
7 -isoineiiile, with ammonia {(f. (Ireen, ('hem. 
Soc.Trans. 1889,55,37; Kiig. lM58-}!)ol 1888). 
As with the 7-isomende, the jmnty of the (*- 
sulphonic acid can be judged from the njijiear- 
ance of its crystals, or of those (»f its ammonium 
Balt, as they sejiaratc from solution {(Ireen, f.c.). 

'Pho pure acid * is obtained wlien )3 nai)hthol- 
O-sulphonic a(dd is heated with aqueous ammonia 
at J80® under pi-essure (Bronner, i). Jt.-P. 
22547; Kng. P. 3724 of 1882; cf. J.undshofT, 
i). K.-P. 27378 ; Ber. 1883, Ki, 1932); or, much i 
more easily, when the bisulphite luctliod is 
applied to it (Buchorer, .1. pr. Chom. 1904, [ii.] 
70, 357; Badisehc, 1). H.-P. 115336, 117471; 
Eng. P. 1387 of 1900 ; v. p. 410). 

Idcntificalion, —The acid HA-pUjO crys¬ 
tallises in scales, soluble in 030 parts of boiling 
water (Wemberg, Bcr. 1887, 20, 2909), and, like- 
its salts, shows blue fluorescence in solution. 
The lead salt BbA 2 -f 2 H 20 forms scales, soluble 
in 070 parts of water at 1“; the barium salt 
» BaAj-f 6 H 2 O, long needles, soluble in 450 parts 
of cold water; the calnum salt (IaA 24 - 0 H 2 O, 
scales, soluble in 225 parts of water at 5® ; the 
potassium, salt IvA+HjO, silky needles, soluble 
in 40-45 parts of cold water; the sodium salt 
NaA-l- 2 H 20 , silky needles, soluble in about 
40 parts of cold water, and easily in hot 90 p.c. 
alcohol (c/. Forsling, Her. 1887, 20, 77 ; Lim- 
prioht, quoted by Scliultz, (Jhemie des Stein- 

^ The second naplithylamliiesiilphonlc acid— 
characterised by its solubility in water, the solulnllly 
of its sodium salt in ali'oiiol, and tlio redder shade of 
thp derived azo-dyes—whlcti is stated by the Farb- 
tiibrlk vorrn. Bronner {l.c.) to occur In the Bronner 
product, doubtless owed its origin to impurity in the 
Schfttfer acid employed icf. Bayer and DuisbMg, Ber. 
1887, 20, 1427). 


kohlenth., 3rd ed. i. 209). The ammonium salt 
NH 4 A+H 2 O, largo thin plates, is the least 
soluble of the ammonium fl-naphthylamine- 
sulphonatcs in cold water (Green, lx.). It is 
convertible 'into ^-chloronaphthalene-Q’Svlphonpl 
chloride, prism.s, m.p. 109® (Forsling, l.c.), and 
2 : Q-dichloronaphlhalene (Forsling, l.c. ; cf. 
Armstrong and Wynne, Chem. Soc. Proc. 1889, 
5, 62). 

Reactions. —It coujilcs with diazotised bases 
forming the end component of some disazo- dyes. 
From its moderately soluble yellow diazo- 
comjxuind or by the bisulphite method, 6 - 
mphthol-i\-sidphomc acid can bo obtained. On 
sulphonutiou with 20 p.c. anhydro-acid at 20 °, 
it yudds a mixture of ^■'naphihylami'ne-\ : fi. 
disulphonic and with about 20 p.c. of the 0 : 8 - 
disulphonic acid. 

Substitution derivatives in w-hich methyl, 
])henyl and fuehsin radicles rcspeetividy occur 
in the amino- grouji of )9-nHj)hthylamine-fi- 
sulphonic acid can be obtained by the bisulphite 
method if mothylamine, aniline and fuehsin are 
used in place of ammonia (Bailiselu-, 1). R.-P. 
121()83,122570, 125589; Kng. V. 18720 of 1900). 

(V.) fi-Naphlhylamine 7 sulphonic acW (18 ] 
and ; I'-and) is obtained, mixed with about an 
equal quantity of the O-sulphonie acid (Schultz, 
Bit. 1887, 20", 3159), when ^-naphthylamine is 
Iieat ed with 0 time.s ils VK'ight of sulphuric acid 
at temperatiiies above J50® (Ba 3 Tr, 1). It.-P. 
39925; Kng. P. 5849 of 1889); when jS-naph- 
tliylamine sulphate is heated with 3 times its 
weight of sulphinic acid at 190®-170® (Bayer, 
1). R.-P. 41505); or when )S-naphthylaniine- 6 - 
or 8 -sulplionic acid is lieabd with 3 times its 
Height of BulphurH! acid al’ It)0®-I70° for about 
2 hours (Bayer, i). R.-I'. 42272, 42273; Wein¬ 
berg, Ber. 1887, 20, 3354 : ICrdinann, Bcr. 1888, 
21, 937). It i.s also said to be the product when 
acctyb/l naphthylamine is heated with 9 times 
its weight of sulphuric acid at 150®~160° for 
1 -lJ houi-H, and the jrroduot de-aeetylated by 
pouring the bi>t melt into water (Kinzlberger, 
1). P. Anm. K. 5732). 

PrepanMon. —From the mixture of acids 
precipitated by pouring the sulphonation melt 
obtuned from ^-naphthylamino at 160°-170® 
on to ice the 9-8ulj>homo acid can be isolated 
w'lth little trouble, but the separation of pure 
7 - 8 uIpbomc acid is much more difficult. Frac* 
tional crystallisation of the mixed acids from 
wat{^r at about 80° (Schultz, Ber. 1887, 20,3169), 
or of the mixed copper salts (Aktiengos., 1). R.-P. 
44248; Kng. P. 987 of 1888), or lead salts 
(Aktienges., 1). K.-P. 44249; Eng. P. l.c.), the 
7 -compound being in each case the more soluble, 
can be einplo^’ed in the laboratory but is value¬ 
less on the large scale. The purity of the 7- 
sulphomc acid isolated by any of these methods 
can be judged from the appearance of its crystals 
or of those of its ammonium salt as they separate 
from solution (Green, Chem. Soc. Trans. 1889, 
55, 39). 

The pure acid is obtained when sodium 
naphthol- 7 -Bulphonate is heated with twice its 
weight of 20 p.c. ammonia at 250® for 6 hours 
under pressure (Cassclla, D. R.-P. 43740; Eng. 
P. 12908 of 1880; Bayer and Duisberg, Ber. 
1887,20, 1432; Weinberg, .2908); or more 
easily when the bisulphite method is applied 
to it (Bucheror, J. pr. Chem. 1904, [ii.] 70,357 ; 



NAPHTHALENE. 


Badiache, D. R.-P. 117471 ; Eng. P. 1387 of 
PJOO ; V. p. 41C). 

/denii^a/ton.—The acid HA-fHjO forms 
slender, voluminous needles soluble in 300 pi^ris 
of boiling water. When boiled with a quantity 
of water insufficient to dissolve it, the crystalline 
acid changes into a very sparingly soluble, 
anhydrous, sandy })owdor. The barivm salt 
BaAj+OHjO forms thin scales, solublo in 400 
parts of cold water; the calcium salt CaAj 
+ GH 2 O, scales, soluble in 270 partj< of cold 
water; the potasmum salt, needles, soluble in 
40 parts of cold water; the iimmoniuiti salt, 
small plaU's ; the mdium salt NaA j ill^O, 
small needles, soluble 111 hot 00 p.(t. aleoijol 
and in 70 parts of cold water (r/. Bayer and 
Duisberg, l.r.; Weinberg, /.c. ; Sehultz, hr.). 
The solutions of the salts show reddish-vjolet 
fluoreHccnce. It is convertible into fi-chloro- 
nnphthalcm -I-^ulphoiujl chloride^ Ijrisms, ni p. 
Sli® (Armstrong and i^'yane. Cheiii. Soc. Proc. 
J880, o, 40; (ieve, Her. 1802, 25, 2484), and 
t'-l-duUoroimphihidtnc (Krdttiann, Her. IHSK, 
21, 038 ; Armstrong and Wynne, 1 1 .). 

Jiruc(iou/i.~lt Couples with dia/otised bases, 
being (anl component of some dMJzo- dyes, 
hrom its or.ingc-red diazo- compound or by the 
bisulphite method ^-iiaphthol-'i-sulphonic acid 
can be obtained. J)igestion witli 50 p.c. c.iu.siie 
HcaJa solution at 2(»0 -280® i-onverts it into 2- 
umino 'l-miphthol. Heated with 20 p.(^ sodium 
bisulphite solution at OO ’-lOO'" for 24 hours, its 
sodium salt is converted into sodiiiin 
dinaphlhi/hmuK - I : T -ditiulphonuic. On siil- 
phonation with 20-25 pc. uiihy<lio-acid at the 
ordinary temjK'ratun', it yiehis three 
naphihylanmu.di^ulphonic a<'ah, viz. the 1 : 7-, 
4 ; 7-, and 5 : 7-isomen(I{!S. 

The dimethyl- derivative, ()bt.aincd by healing 
the acid with dimcthylaniine under pre.ssiirc at 
220'', IS converted into diniethyl-'Z-uvnno-’i- 
naphlhd by fusion witli cau.stic alkali (Oeii'y. 
i>. K.-P. waio). 

(vi.) ff-Naphthylamine-8-sulphonic acid ([a ] 
avid; iiadisclie acid) is formed (30-44 p.c.), 
together with t)ie 5-8ul]>honic aci(i*and about 
1 p.c. of t)i'- mixed 6- and T-isomendes, when 
)S-naphthyIaminc is heated with 3 times, its 
weight of sulphuric acid al l<X)®-105®^ for about 
0 hours (Badisohe, I). R.-P. Dahl, 

1). R.-P. 29084, Eng. P. 7712 of 1884; Green 
and V'akil, Chem. Soc. Trans. 1918, 113, 38;, 
c/. Green, ibvl. 1889, 55, 3b). 3’he proportion , 
of the 8-8u] phonic aeul does not exceed 45 p.c. 
when fi-naphthylamiiie sulphate is sulphon.'^ed 
with 3 times its w« iglit of sulphuric acid at 
15®-20®, while it anituints only to 30 p.c. when 
jS-naphthylamino is sulphonated with 3 times 
its weight of 20 p.c. anhydro-acid at 70®-80® 
(Dahl, l.c.\ Green, l.c.). The«aci(l is also 
obtained wdien )9-naphthol-8-sulphomc acid is 
heated with ammonia under pressure (Bayer, 
D. R.-P. 42273; Ptitzinger and Duisberg, Ber. 
1889, 22, 397), or when the bisulphite reaction 
is applied to it (Bucherer, J. pr. Chem. 1904, 

1 Fomling's statement that the sulphouation 
product at 140^ consists almost entirely ot a mixture 
of the 5- and 8-sulphonlc acids (Ber. )887, 20, 2100) 
must be regarded ns incorrect In view of the fact that 
tlie product at J20® contains no loss than T'.'i p.ft. of 
the ndxed 6- and 7-8ulphonic acids (Green and Vakil, 
l.e : td. Bayer, D. R.-P. 42273; Weinberg, Ber. 1887, 
80. 8354). 


[ii.] 70, 358 ; Badische, D. R.-P. 117471 • Eng P 
13»7 of JSKiy ; V. p. 41«). , 

Preparation. —The product obtained by 
Biilphonatmg ^-naphthylamino siiljdiat-o with 
3 times its weight of sulphuric acid at 15'-20® 

, is converted into sodium snlt, which, as a dry 
jxiw^der, is extractc*d with 90-95 p.c. t\|)cohol to 
nunove the isomeric salts, the residue consisting 
of the pure sodium )3-napht!iylamine-8-Bul- 
; phonate (Dahl, Z.c.; Green,/.r.; v. 6-aulphonie 
; acid). 

Jdcntificalion. —Tli(‘ add forms slender 
, neoclles, soluble in 200 jiarts <)f bojllng or in 
J7(Mi jiarts of cold water. 'I'lie .salts, like Iho 
acid, show bliii' fluon'seencc in dilute solution 
{(/. Foislmg, Ber. JH87, 2(h 2100). 'I'he 
fuirimu salt BaAj-| 411^0 forms ]>risiiis, soluble 
111 23 pints of Cold wafer; the cnU'ium salt 
CaAg j-OlPG, jmsins. soluble in |] jmrts of 
cold water; Ihc' potas,siu}u salt KA-j-AHjO, 
six-sidcd jirisms; llie sodium salt .NaA (Krdmaim, 
Annalon, JH93, 275. 281), largo prisms, insoluble 
in alcohol; the ammuiiium salt (Green, l.c.), 
large solid juisnis. It i.s eonvertihlo into )9- 
ddoronuphlhaleiii ■H-siilphi>uyl ehloride, needles, 
m ]) 1251 ', and 1 '."i -dichluromiphthrdt nc (Ann- 

stiong and Wynne, I'liem. Sue. Proo. 1888, 4, 
105; J8H!). 5, 53 ; J'^orsling, Z.r. ; Ber. 1888, 21, 
2803; 1889,22,019). 

liiiniiotis .—It does not furnish azo-dyes by 
c-onjilmg with diazotised bases, hut solublo 
[ yidlow diazo-miumi- comjiounds (Witt, Ber. 

i88K, 21, 3483; Erdmann, l.c.). Prom its 
' Rjianngly .sohihle duizo- coinpound or by the 
' bisulphite mclliod, }dilhol-H:sulphomc acid 

] can be obtained. Fusnin with caustic alkali at 
200®-270'' converts it into 2-(imnu)-H-miphthol. 
On Hulphonation in the cold willi 20 p.c. anhydro- 
acid, it gives fi-naphthyl(mm(’-i\\V>-diHulph*mic* 
acid. 

^S-Nai’hthylamimedistjlphonic’ Acids. 

( 1 ) /9-Naphthylamine-l: 5-disulpbonle acid is 

obtained when /I - naphthylamino -1 - sulphonic 
acid IS Hulplionatcd witli 20 p.e. anhydro-acid 
in the cold (Armstrong apd Wynne, (’hem. Koc. 
Proc. 1895, II, 238); or (as minor product) 
mixed w'lth the 5:7-di8ulphonic acid when 
)9-na})hthylamme-5-sulphonic acid is eulphon- 
ated under similar conditions (Armstrong and 
Wynne, ibid. 1890, 0, 129). 

. Idcnhjicalwn. —'J'he normal potffMsivm salt 

is moderately soluble in wati^r, and convertible 
into fi-ddoromphlhaleru'A : 5-difndphonyl chlor¬ 
ide, prisms, m.j). 158 ', and 1 : 2 : 5-fnW<Zoro- 
iiaphtfudc.nc (Armstrong and Wynne, l.c.). ^ 

lifiachom. —From its sparingly soluble dtazo- 
I compound, the diazo-oxide of 2-amino-l- 
! naphthoI-5-sul])honic acid is obtained either by 
i addition of sodium carbonate at 60®-(>0® to 
remove free mineral acid, or by oxidation 
with sodium hypochlorite m alkaline solution 
(Badischo, 1). K.-P 1459(Mi; Eng. P. 0816 of 
1902 ; D. K.-P. 100536 ; Eng. V. 4997 of 1904). 

I Fusion with cauHtic alkali at 210®-23y® converts 
' it into 2-amino-5-naphlhol-i-8ulphoiUc add. On 
j suljjhonation with 40 p.c. anhydro-acid at 100®, 

{it yields ^-naphthylamine-l : 6 : 1-trisulphonic 
I acid. 

I (ii.) ^-Kaphthylamlne-1: e-dlsalpho&ie aeid 

I is obtained as chief product, with about 20 p.o. 
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of the C : S-disulphonic acid, when iS-naphthyl- 
amine-O-sulpbotvc acid i« sulphonatcd \#ith 
20 p.c. anhydro-acid at a i«*mporatiirc below 
20® {ArniMti-ong and Wynne, Chem. Soc. Proc. 
J800, 0, 130 ; cf. ForHliiig, Jier. 18S8, 21, 3405); 
or, pure, by a])])Iying the bimilphitc reaction to 
eodiuni fl-naplithul-1 : 0-di8ulphona1e (Hadiselio, 
I>. K.-l\ 1 17471 ; Eng. 1‘. 1387 of 11K>0; r. 
p. 41()). 

IdiJitiJirolioH. —Th(' vojmui polaM.siutrt nail 
K 2 A+ 2 H^() in large crv.slalM. the Mxfi II HI salt 
ill lung iK'edh'N, and ihv fniunfinnuii sail (Nil,),A 
d-HgO 111 triclinie forniH, are v<‘iy .solutile; but 
the add ftaldy-siiiiri salt KllA [ IPO and a( ui 
aodmm salt NaHA [ 21120, in bmg nei-dles, are 
iinly sparingly so, and in ddiiti-solution m1io\\ 
bine fluoreseeiiee (Forsliiig, /.c.). It :s convcul- 
iblo into lilarono/>/ilfiali nc-\ : 
cliloridi'. [irisniH, in j). 124 5', and 1 :2 l[-b(- 
rhlorona/i/ithalcHr (l'’orsljng, i.« • Aiiiisliong and 
Wynne, lx.). 

/{(■arlion. —Its spaiingly soluble, eiy^talline 
(hazo- compound, when warmed with exi-ess of 
aotliuTii carbonate solution, yields the iliazo- 
oride of 2-amino-1 -naj)}ithol-(i-sulphoiu<- m id 
(Badische, |). R.-l’. 148882; Knir. 1*. (>(»15 <if 
1!M>2). 

(in.) ^ Naphthylamine 1:7-(iisulphonic acid, 

formed (25 ]».e.), t-ogether witli the 4:7- and 
5 : 7'<lisulphoni(' u<nls. when ^-najihthylamitu'- 
7-Huj[)honK' aeid is suljdionated m the cold willt 
20-25 pc. anhv<lio-a( id. is He]»aralcd trom tin- 
]>ro(lucl by <‘on\<‘i(iiig it into normal potassium 
Halt., and collect,mg the least soluhle poition b\’ 
fractional crystailisation (B.i\ci. 1). K.-J' 

70243; J)re.s.scl and Kollu‘, liei. lSi>4, 27, llOt^ 
It is also obtained when potassium /i-naphilii>l- 
1 : 7-dmiilphonatc is heated eithci with arii- 
' inonium chloride and ammonia solution at 
JK0''-200°{Bavci, l> 1*. Anm. K 7274. 1). II,-I*. 
7750(>; Kng. V. ItMst of 1804; Diessel and 
Kotlie. Ix. J2tMt), oi mor- easily when the 
bisuljihile method is upjilicd to it (Badische, 
1). K.-W J17471 ; Eng. i‘. 1387 ol 1‘KK); v. p. 
410). 

Jddihjiraiion. —'I'hi' mirnial harniiH Halt, 
moderately soluble ni-ydli's. t in' polaftfinnn salt 
K2A+3ll2t), large monosvmmetric crystals, 
and tlie and polafinum salt, siiariugly soluble 
slender needles, give solutions slmwiug violet- 
blue. tluorescence (l>re.'.<s<'l and Kothe, Ic.). 

RvarUou !-:—In acetic acid solution it does 
not couple with diazobeuzene (liayer, l>. 1’. Anm. 
E. 7274). From its easily soluble diazo- com¬ 
pound, ^-naphOiolA : 'Ixiisidplumtc acid can be 
obtained, and, wiien warmerl with sodium 
^ ^arbonute solution, the diazoo.! uIl of 2-amiiio-l • 
naphthol-7-sulphonjc aeid (Biidisehe, 1). K.-J\ 
148882: Eng. F. (Kil5 of 1002). Prolonged 
boiling w'lth 20 ]).e. hydrochloric acid convcils 
it into ^•laiphfhj/latinia -’i-snljihonic acid (Drcssel 
and K-othc, lx.). 

(IV.) fl-Naphthylamine-3 : O-disulphonic acid 
{8’mipltlhi/lami)h -[a-]di&ulphoU7C and ; aitnvo’ 
ii-acul) IS obtained from sodium (^-naphthol 3: 
O-disulphonate cither by heating it w'lth am¬ 
monia at 20U®-250'’ under pressure (Pfitzinger 
and Bulsberg, Her. IHHO, 22, 398 , c/. LandsholT, 
1>. R.-P. 27378); or more easily by the applica¬ 
tion of the bisulphite method (Bachsche, 1). R.-P. 
117471 ; Eng. P. 1387 of 1000 ; w. p. 410). It! 
is also formed when sodium ^-naphtliylamine- ' 


3:0: 8-trisulphonatc is boiled with zinc-dust 
and dilute caustic soda solution (Kalle, D. R.-P. 
233034). It IS convertible into ^-chloronaph- 
thaUncA] : i.i-d\mlphonyl chloride, needles, m.p. 
lOS'’, and 2:3- ii-lnchloronaphihalcw. (Arm¬ 
strong and Wynne, Chem. Soc. Proc. 1890, (5, 
12 ). 

Riachoii.s \t couples with diazotised bases 
as end component in numerous monoazo- and 
t/i.su;:o-dycs digestion with 75 ji.e. caustic 
H<iibi solution at 230 -250* converta it into 
2-aHUho-'A-iiaf>hthoiA)-si(lphonic and. 

(V.) /3-Naphthylamine 3 : 7 disulphonic acid 

(li-na/)hihi/laiiiini'-\h-\<li-''(dphoiiic. ai id), formed 
when sodium /i-na])hlhol-3 . 7-disul})honate is 
lieated with 25 p.c. amiiionui solution under 
prcKsuie at 200 {('assclla, i). Jt.-P. 40711), Js 
nioK' easily ohlaincd when the Insii’phite method 
IS apjilicd’ to It (Badische, J). U -j'. 117471 ; 
Kng. P. 1387 of lOOO; r. ]i 410). It is also 
obtained when /5-n:iphtliylaminc-1 • 3 : 7-tn- 
suljdionic acid is boiled with dilute miner.i! acids 
(Diesscl and Kothe. Bci. 1894. 27, I B*9). 

JdniliJaalioH ~--'\'Uv a< id barium salt forms 
vciy .sjt.uingly soliihh' iiiicioscojiic ciyslais; 
the a( id jii>las.\iiini .salt, sjtai ingly soluhh' scales ; 
the and uodniiu salt (ljsst»lvi'.s in I2‘5 jaiits of 
boiling watci, oi 111 50 parts ol water at 20*^, 
the solutions slmwing blue lliioicscencc (JJr<“ssei 
and Koth(“. I (.) It is conviu tiblc into ^-chloro- 
iiajihlhidi lie -'.i : 7 ■dh-'iiliihotii/l ehloride, neeillcs, 
111 [i. 170 '. <iiid 2.3: i)-((iihloioiiajihlhali in (Arm¬ 
strong and Wynne,('hem. Soe Proe. 181)0, th 127). 

Jua<ti<>iiu.~-\\. eoii[>les Avitli ili.tzolised bases 
as (uul component in distizo- <lyes. On sulplioii- 
ation with to ]ie iinliviho'.icKl at 80‘--90‘, 
it IS convcited into fi-iia/dilhi/laiiinic-] : 3 : 7- 
hi--^uljilioiiii iKid. 

(VI.) ^-Naphthylamine-4 : 7-disulphonic acid 

[Aiidirseii'.'^ and) is obtained when jS-nitro- 
iiaphlhalcne-4.7-disulpbonic acid is reduced 
(Schultz, Bcr. 1890, 23, 77) , or ^25 }>.e.) when 
^-na|)hlhylamine-7-sulphonic acid is suljihon- 
ate<l with 20-25 p.c. anhydro-acid in the cold, 
and, after removal of tin* 1 : 7-disul})home acid 
as potassium salt, i.s sc|»arated as normal sodium 
•salt from tlu* more soluble 5; T-disulphonate 
(Buyer, 1). R.-P. 79243; Dres.sel and Kothe, 
Ber4.1894, 27, 1190 ; v. 5 : 7-djsu)phomc aeid). 

J dnd IJk f>t ion.— The normal bar mm and 
•sodium salts, crystalline crusts, and the acid 
•sodium salt KaHA+HA), needles, in dilute 
solution show intense blue duorescenee (Dressel 
and Ktithe, f.c.). Jt is convertible intrt B- 
chhpomrpfUhaUrn • 4 : 1 -di-sulphonj/l chloride, 
needles, m.p. 174' , and 1:3: O-tnchloromvphlhal- 
cne (Armstrong and Wynne, ('hem. !Soc. Proc. 
1891, 7, 27). 

Renciiou-s .—Diazotised it furnishes ^-nnph- 
ihol‘4: l-dhsvhphniuc ofid when boiled with 
Avat-er. Digestion Avith 35 ji.e. caustic potash 
."oiution at 180“-200" eimverts it into 2-«wt/w-4- 
naphlhol-l-sulphoinc and. When heated with 
aniline and aniline hydrochloride at 150®-170® it 
yields diphenyl ‘\.: ‘•i-diamnnmaphlhahne-Q-snU 
phomc. and. 

(vii.) )9-Naphthylamine-4 : 8-disulphonlc acid 

((^-urtd) 18 obtained by the reduction of fi- 
nitronaphthalcne-4 : S-chsulphonic acid (Cassella, 
D. R.-P. 05997 ; Fischer, cf. J. Spc. Chem. Ind. 
1898, 17, 837). 

Identijication .—The acid forms prisms ; the 
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acid barium salt BaHjA,, minute needles; the 
acid sodivm salt, needles, easily soluble in hot 
water. The alkaline solutions show deep blue 
fluorescence. It is convertible into uaphthaknc- 
1 : b-dxmlphomc acid (Cassella, l.c.). 

Rcactiori .<>.—It does not couiiU* witli dia/.o- 
tised bases {('assella, l.c.). From its iiiod(Ta1ely 
soluble diazo- ci>inpound. fi ni\phthol-A : 
pkonii- and has been obtained. Fusion wjtli 
caustic alkali at 21.')'^ t'<uiveits it into '2-aintno-i- 
naphtholS-Hulphontr and. H_v digestion with 
water or Jt) ]) e. suljihuric iieul at ISO it yields 
^■tatphlhol-4-'<\i(()}ionic m al. o 

When boil('<l with zinc-dust ami dilute caustic 
soda solution it farmslics a ioi\turc, of the H- 
wiphtln/lamiiii A- and S-.siilphotitr ands (Kalle, 
l>. Jt.-l*. but witli s<Mlium amalgam in 

the cold the ])r<idu< t.s are fi-na/dilln/laiiina -S- 
Kulphonu- and (lhi\ci. D It -I’. 2rir)72'l , Kng. 
1\ 2K172 of I!H1) and fi-iiaidtlfii/laitmu’ (l''iicd- 
lander and J.ucht, I’er ISh.'l, 2<), Nitia- 

tum converts its acetyl <lciivativc into the (>- 
n.lro- compound (Hochsl, |). V Ainu F. :{I4I7)- 
Wiicn heated vith unihue .nid aiuline hydio- 
chloiuh' at 1.70 170' Jt yields t/iphnn/l-\ : ',\- 

dtaiuni(iii/i/ditHalna ■(’> sutphona iifid. Hv siil- 
phonationuitli It) )• c. aMh\dro-a< id at SO - 12t) , 
Q ■ na})hihiila)niii( ■ A'A\ •In'-uiplaiiiic at id is 
obtained. 

(viii.) ^-Naphthylamine o 7-disulphonicacid 

is <ibl.uned as clmd pmdiK I. mixed eithci \Mlh 
J ; r>-disul|)honic acid uhen /^-naphthylamme-5- 
sulplionic acid, or Mith th(“ J -7- and 4:7- 
disulphomc acid.s wlien 5-iuiphlhylaimne-7- 
.sulphonic iicid is sulphouatcd with 4 times its 
\v» ight of 20 imx .uihvdro-aud at the nidiiiaiy 
tempctaluic. About live days are re(|uin‘d for 
the fonm'r and about two for the latter ]»rocess 
Jn both cases the melt, after dilution with water, 
is neutralised by lime and con^erted into 
potassium s.dt 

8f’para(i<>n.—{a) Fiom the tonceiitrated solu¬ 
tion of tlw mixed normal pota.ssium sails, tlie 

1 : 5-diHulplionate ean be removed by ery.stalliHa- 
tion, the acid jiotassiuin salt of the 5 : 7-diHiil- 
[ihonic aeid iiemg ohtam(“<l from th(“ mother 
liquor h; acidifying it uilli hydiochlone acnl 
(Armstrong and Wynne, ('heni. 8<>e. I'loc.JHfK), 
6, 129). 

{b) From the Bolution of the jinxed normal 
potassium salts, eoncentiateil to b litre.s for each 

2 kih*s. of th« 7-sulj)home aeid used, the 1 : 7- 
ilisulphonate separates in large cryslats ami w 
lemoved hy filtration, Tlie filtrate, aeidified hy 
hydrochloric acid, tumishe.s the acid potassium 
salts of the 4:7 and 5: 7-dj.Hu!phomc acids, 
which collected, dHMilved in hot water, pre¬ 
cipitated as aeid barium salts by adding barium 
chloride (I I kilos.) in hot coneentraleil Holution 
and the precipitate digested vwtli sodium car¬ 
bonate. are converted into normal sodium salts 
and the resulting solution eoricentrated to 
about 2’5 litivs. Kvenlually the whole of the 
4: 7.dj8ul])honic acid seiiarat'-s as normal 
sodium salt and i.s collected while tlie filtrate 
on acidification yields the aeid sodium salt of 
the 6:7-di8ulphoinc acnl (Bayer, i). ll.-P. 
79243 ; Dressel and Kothe. Ber. 1H94, 27, 1197 ; 
cf. Armstrong and Wynne, l.c. 131). 

Idcnlifkcgion .—The acid potafiMuim salt is 
easily soluble, and convertible into ^-cldoro- 
naplUftalem-B'.l'di-fvlphonyl chloride, prisms, 


m.p. 156 ®; and 1:3: Sdrichlorompldhalene (Arm¬ 
strong and Wynne, l.r.). ^ 

limchous .—By the bisulphite method, it 
furnishes ^■mtpklkol-li:7-disulphunic and. Di¬ 
gestion with 5U p.i‘. caustic soda solution at 191)'^ 
converts it into 2-ami>iv-l}-najdilfi(>l-’t-stdphoinc 
and (.l-acid). On sulphonation with 40 |».e. 
anhydro-ai ui at 100", it yuOds ^■iiapflihiilauiim- 
1:5: 1 dns-iilplioiiic and When de.suljilionated 
by soiliuni amalgam in the cold, ^ ■iiapldhplavnM- 
I'-adpham and i.s tlu' prodm t (Bayt'r, D. H.-P. 
255724 ; Kng. 1*. 2-5^172 of 1911). 

Converted into th«‘ t.olm'ne p-suljdionvl di’- 
riMitivi', It gi\cs the l-^/z/e/'o-coiupound on 
cliloiifiation, fiiun wliuh \-ildt>)o-2-(niinw-b- 
iiaphth(d-'7-''^i<lpli(tiiit ai id ran he priqiaied. 

(IX ) /j-Naphthvlamine <1: s dlstilphonJc acid 

{^■najdilhi/laninii -| y- itli.'^iilphona m al; annno- 
it-and] !•< foiiiicd a.s clitcf piodiirt wlien )5- 
naplitlivhimim- *uilp)iatc is iicatcil with ibrce 
tiim-'< Its w<‘ighl ol 20-30 pc. anli,\di'o-ncid at 
1)0 -140' until ,i tc^l (IissoImh (oinpletcly in 
vvafri, or when cimlc /j-naphthylannnc-H- 
snlphoim a<'id is lic.itcd with 10 aidiydro- 
acid at lotr ((Ians A Co., D. 11-17 35019; Kng. 

F iSIl) oi IS.SI); also as chief piodiu't when 
/J-ii iphtliYb'imiie s siil])ln‘nu' acid is siilphon- 
nateil with 20 j».c. ai^iydro-acid hclow 20'^ 
(Al insirong am! Wynne, Clu iu Soc. 1‘ioc. 1H90, 
0, I2H}, oi .IS minor juoducl (20 j* c ) when tlie 
0 ,sul])lioMic acid IS j-uhihoiiatcd with 20 [i.c. 
anh\'dio-!icid below 2t} (y\imstii»ng and Wynne, 
dud 130). 

Rr< paraiian — 'I'lie |)uri‘iieid isobtaiiied Irom 
sodium /ii-Ma|iht}iol 0 . H-disiilplionat,<- either hy 
heating it with .iminoma at 2lM)‘ under juessuie 
(<•/. LamlsholT, J) li -17 2737H), or mor<* easily 
wlien the hisiilpliite method is ajiplied to it 
(Badi.sehe, D B.-I7 II747I: Kng. 17 1387 M 
1900 ; Buchen r, -1. ju'. ('la in. 1904, [li.) 70, 358; 
v. p. 410). 

Jdnilijiralioii .—The aenl and salts arc easily 
soluble. It IS eoiiveilihle into 
< 11 / -ti : H-dnid})hovi/l < /dondr, iieialles, imp. 170", 
and J . 3 : l-tnrfdoioiaiphllialna (Armstrong and 
Wynne, Cliem. So(. I>ioc J8!)0. ti, J3). 

' UiartioiiK .—Jt does not loujde with dia/.o- 
tiseil hiMVH {/J. Witt, Ber. 1888, 21, 3487). 

I Digcrilion vith 75 pc caustic soda solution, at 
; 2.30 -250' converts it into 2-a}mm)-'6-mph0iol- 
\ U-.'^idplaanc at id, hut at 270''-2HO ' into iiydrory- 
'toline and (Huehst, 1). B.-P. H12S1). On Hul- 
jilionalion with 40 p <■ anhydro-acid at 80 
I it yields ^■7iaphlli!/l''idp}iarniU4jA): H-dnvlphonic 
and (l)ie.sscl ami Kotlie, Ber. 1984, 27, 2153), 

! hut at 120 -130', ^-iiapfdhylamivt-'Ai(>:^' 
Irisnlphfint/' a/ id. 

\ jS'NAPHTUVOAMIX'OTKI.StJLnHONIC AciDS. 

’ ( 1 .) ^ - Naphthylamine -1:3:7- trlsulphonlc 
acid IS formcil when 6-naphthylamine-3: 7* 
disiil|)home acid is sulptionated with 40 p.o. 

, aiihvdro-aeid at 80 - 90" (Baver, IC 17 Aoni. !•, 

, 7030 ; Dretwd and Kothe. Her. 1894, 27, 1199); 
also when ^-uaphtlKd-l : 3 : T-tnsiiIphonic acid 
IS licaU'd witli 25 ]).e. ammonia solution under 
■ nressure at l‘.K)'' (Bayer, 1). P. Anm. F. 7003 
kng. 17 17141 of 1893; Dressel and Kothe, l.c.). 

; Tlie and hanuvi -alt and acid sodium Balt 
; Na2HA-l-4H20 in scales, are easily soluble, and 
! in solution show violct-bluo fluorescence. 
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Bfactimis. —When boiled with diluto mineral 
acid it yields B-miphthylaminc-'A : 1 -difiulpkonic 
acid. On sulphonation with 40 p.c. anhydro* 
acid at 130® it is converted into a mixture of the 
3:5:7- and 3:0: T‘trimlphonic acids with the 
1:3:6: 1-tctrasulphonic arid. 

(ii.) ^ -,Naphthylamine -1:5:7- trlsulphonic 
acid is formed when /3-nai)hthyhiniine-r)-8ul-, 
phonie, or 1 : 5-di8ulphonic, or 5 : 7*djMul])honic j 
acid is sulphonated with 40 p.c. anhydro-acid at i 
100® {liayer, 1). Jt.-P. 80878; Kn^. P. 20580 of | 
1803). The barium, and c)olaiisrum and and | 
sodium salts di.ssolvo easily, giving solutions I 
whn^h show blue Huoro.seence. i 

JicacliovM.—\t does not eoupie with dia/.o-I 
benzene chloride (Jiayer, l.r.). From its easily I 
soluble f/m:>'i-eompoimd, the diazo-orulf of 2-[ 
amino-i-nai)htiiol-5 : 7'<liHul|>l)onie acid is oh-| 
tained when the .yoltilion is leiulered alkaline | 
by sodium carbonate (llochst,'!). P. Anm. F. 
10803; Kng. J*. 23003 of 1002). l)jg(‘Stion w ith 
(i5 p.e. caustic soda solution at J0(F-22O" con¬ 
verts it into ‘Z-amino-^i-'najdithoiA : l-disidjdiovic 
acid. By partial liydrolysia wilh boiling dilute 
mineral acids it yields B-vaphfhylamvn(-K >: 7- 
dimlphonic and. When heated witli 30 j>.e. i 
anhydro-acid at 140'“- 100® it undergoes change | 
into the isomonc ^-ruiphlhylamtur -’.i : 5 : I-\ 
irmdphonic acid. 

(hi.) )9-Naphthylamlne -3:5:7- trlsulpbonic 
acid is formed, together with the 3:0: 7-tn- 
sulphonic and the J : 3 : 0 : 7-totra8ulphonic 
acids, when ^-naphthylamine-3 : 7-disulplionio 
aoid is huab'd witli 40 p.c. anhydro-acid at 130®. 
By boiling the product uith Mater, the ietra- 
siilphonic acid i.« hydrolysed to tlie 3:0: 7- 
triaulphonic acid, which is then converted into 
sodium salt, and, after aeidilicalion, separated 
8?B the sparingly soluble acid sodium salt. From 
the concentrated mother liquor, tlic easily 
soluble acid sodium Halt of the 3:5: 7-iHomoride 
can bo sejiarated (Bayer, I). H.-l^ 8I7(»2 ; Eng 
P. 17141 a of 1803; Drossel and Kothe, Ber. 
1894, 27, 1202). It is tlie sole jiroduct of the 
change which occurs Mhen ^S-naphthylamine- 
J : 6: 7-tri8ulphonic acid is heated M'ith 30 p.e. 
anhydro-acid at 140®-1,00® (Bayer, 1). ll.-P. 
00840). 

Identijicalion. —The .oodnnn salt (-}-5JHj,0) 
from dilute alcohol, the urn/.sw/iww salt Na.,lIA, 
and the acvl barium salt are very soluble, and 
in solution show intense green fluoreseeneo. It 
is convertible into vaphthalcne-l : 3 : 1-trisul- 
pliotiic acid (Dreasel and Kothe, tlnd. 1203). 

Reactions. —From its very soluble diazo- 
compound, B^naphlhol-li: 5 : 1-trisutphonic and 
hf,,s been ont-ained (Dressel and Kothe, l.c.). 
Digestion with 30 p.e. caustic soda solution at 
IW® converts it into 2-am»?w-5-nopA//a;?-3 : 7- 
disiUphonic acid. 

(iv.) p - Naphthylamine -3:0: 7 -trisulphonlc 
acid is formed when )3-naphthylamine-3 : 7-diaul- 
phonic acid is heated with 40 p.c. anhydro-acid 
at 130®, being separated by means of it.s sparingly 
soluble acid sodium salt from the 3:5:7- 
Irisulphonic acid also produceil {q.v ); or when 
^ naphthylamine-1 : 3 : 0 : 7-tetra8uIphonic acid 
is boiled with dilute mineral acids (Bayer, 
D. R.-P. 81702; Eng. P. 17141 a of 1893); or 
when )3-naphthol-3 : 0 : 7 irisulphouic acid is 
heated with 25 p.c. ammonia solution (3 pts.) 
and amtnonium chloride (0*6 pt.) during 8 hours 


at 30-40 atmos. pressure (Bayer, D. P. Anm. F. 
7019 ; Eng^ P. 17141 of 1893). 

Identijicalion, —The sodium salt is easily, the 
barium salt and acid sodium salt NajHA-fSHjO 
in long silky ncoilleH are sparingly soluble in 
' cold water, the solutions showing intense blue 
fluorescence. It is convertible into naphthalene.- 
2:3: t\ frisulphon\c acid (Dressel and Kothe, 
Ber. 1894, 27. 1202). 

Hcacitons .—From its Hjiariiigly soluble diazo- 
eompound ji-vapfdliol-'i: 0 : 1 -Insulphonic acid 
has been obtained. Digestion with 65 p.c. 
?austic Hoda .solution at 180 '-240® converts it 
into ■naph(h^^l■'^ : i\-disulphonic acid. 

On Hiiljihonatioii with 40 p.c. anhydro-acid at 
UMF-130®, it yu'hls ji iiaphllii/lamine-L : 3 : 6 : 7- 
tcliasuljdiovic and, 

(V.) ^ . Naphthylamine -3:0:8- trisulphonlc 
acid IS obtained mIicu ^-im]»hlboI-3 : 0 : 8- 
tnsulplioiuc acid is licaU'd Mitli ammonia at 
200"-250^ (Landsbott, D. K.-P. 27378; cf. 
Drc.sHcl and Kotbc, Ber. 1894, 27, 2164); or 
wlicn ^-iiaj)htlivlaniine-l) • 8 -disuli»honic acid 
18 heated M’lth 4(> p.c. anbydio-acid at 120®~ 
130" (Drcsscl and Kothe, l.c.); or mHcu sodium 
a - nitronaphtluilciH'- 3 : (i : 8 - tnsuljilionatii is 
heated with amnionia solution under pressure 
at 150®-170®, nitrogen being cliDunalcd (Kalle, 
I). R-P. 17(il>2l). 

Idcnlijicaliov.—'i'hv and potassium salt 
KgUA-f lUIoO forms noodles, soluble in 40 parts 
of water at 20® ; tb<‘ and sodium salt, easily 
.soluldc needles; the solutions show intense sky- 
blue fiuorcseiuiia*. Itr is convertible into naph- 
ihahnc-\ : 3 : (» Irtsulphotnc and (Dressci and 
Kothe, l.c.). 

Huichons .—Digestion with 80 p.e. caustic 
soda solution at 220^-200® convcits it into 2- 
ami)io-H-naphthol \^tS-dimlphonic acid. By de- 
suijiiiormtion with zinc-dust ami boiling diluto 
caustic Rodtt solution,it yields ^-najihthylamine- 

3 : i\-disulphonic arid. 

(VI.) B - Naphthylamine ■4:0:8- trisulphonlc 
acid is obtained M'hen sodium ^-naphthylaminc- 

4 : 8-(bsiilj>honato is heated Muth 40 p.c. anhydro- 
acid at 80®-lK)", and finally at 120®. 

Reartiov .—^Wheu heated with 00 p.c. 
caustic soda solution at 170®-l 80°, it is converted 
into ’il-amino-A-mphihol -^: ^-disulphonic acid 
(Bayer, I). P.iAnm. F. 8164; D. R.-P. 89242). 


, jS-NAfilTlIYLAMlNETETRASULPHONIO AciU, 

d-Naphthylamine-l : 3 : 0 : 7-tetrasulphonic 
acid /icciirs in the product formed when )3- 
naphtbylaminc-3 : 7-disulphonic acid is heated 
with 40 p.c. anhydro-acid at 130® {v. 3:6:7- 
tnsulphome acid), it is obtained when j9-naph- 
tliylainino-3 : (>: 7-tri8ulphonio acid is heated 
with 40 p.c anhydro-acid at 100®-130® (Dressel 
and Kothe, Ber. 1894, 27, 1203), or when sodium 
/3-naphthol-l : 3 : 0 : 7-tctra8ulphonatc is heated 
wilh 25 p.c. ammonia solution at 180® under 
prcs.surf‘ (Ba^cr, D. P. Anm. F. 7003; Eng. P. 
17141 of 1893 ; Dressel and Kotho, l.c.). 

Salts.—-Tho barium salt BajA-pOHjO, in 
sparingly soluble, microscopic crystals, and the 
easily soluble sodium salt 8hoM% in dilute solu¬ 
tion, yiolct-blue fluorescence. Acid salts have 
not l>een obtained, and acid solfitions when 
boiled undergo partial hydrolysis, giving rise to 
B'naphikylamine-'i ; 6 ; l insulphonic acid. 
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Chloro-^-naphthylamine. 

1' Cfaloro • p • naphthylamJne obtained by 
chlorinating acetyl-^-naphthylamine. in acetic 
acid solution, and hydrolysing the product with 
hot hydrochloric add, forms needles, in.p. SO'’, 
and is convertible into 1 : 2-dic}doTO'n<iphlhnhne. 
The hydrochloride B'Hl’l-f-HoO forms needles; 
the acdi/l derivative, needles, m.p. 147" (Clevc, 
Ber. 1887, 20, 1980). 

1-(!h 1 oro - n aph thy lam inesul phonic 
acids.—Whensulphonatcd with 2 p.c. anhydro- 
acid at 70'^, 100% and 100% l-ehloro-^-naph- ' 
thylamine yields as chief luodiict respectively 
the 5-, 0-, and 7-Bulphonic acids (Armstrong am! 
Wynne, Chem. Soe. I’roc. 1889, 5, 80, 48). 
These acids when diazotisod and heated in 
solution with exei'ss of sodium carhouate at 
60''-G0% are converted into the diazo-ondrs of 
the eornssponding 2-amino-a-na])hthoi8ulphmiio 
acids (Badiselic, D. It.-P. 14.')90l), J48882 ; 
Eng. P. 0015 of 1902). 

NiTRO-^-NAI’HTI!VI.AMINE3, 

(i.) l-Nitro-/i-naphthyIamine is obtained when i 
nitric nenl ol v«p.gr. P4 (7 ]>ts ) is added to 
aootyl-^-naphthyl.iiuine (9 jits.) suspemled in 
acetic acid (12 ids.) in the cold, tlic crude pro¬ 
duct extracteil by three turn's its weight of 
hen/.one (the trsidm* eoiisistnig of acetyl-8-nitro- 
6-naphthylamnie) and the eiystalline separation 
from the filtrate de-acelylated by heating it > 
with alcoholic caustic iiotash (Heilpern and 
Spielfogel, cf. J. *Soc. Phcih. Ind. 1898, 17, 88()). 
It forni.s orange-yidlow needles, m p. 120 -127^, 
and dissolves readily m alcohol, hut only 
moderately in liot water (.lacohson, Her. 1881. 
14, 1792 ; LiclKTinann and .Jacobson, Annalen, 
1882, 211, <)4). The acttf/l derivative, in.p 
123‘5°, is converted into l-tnlro-li‘7uiphlhol when 
boiled with aqueous caustic soda (.Jacobson, 
ibid. 800). 

(ii.) 5-Nitro-)9-naphthylanilne is formed as 
chief product, together with the 8 isomeride, 
when j3-naphthylamine iiitraU; (I pt.) is stiiTcd 
into raonobydrate (4 pts.) at 0", 20 ji.c. aiihydro- 
acid (2 pis.) being added gracliially during the 
operation, and separates in the cold as sulphate 
when the nitration product is diluted with*watcr 
(60 pts.), the more soluble sulphate of the 
S-isoraende la-ing retained in the mother 
liquor (Hirsch, i). R.-H. 67491 ; Eng. 1*^9708 of 
J89<J; BTiedlander and Szymanski, Her. 1892t 
2.'>, 2076). It forms red needles, m.]). 143‘6"; | 
its acetyl derivative yellow needles, m.p. Ili6'5®. 

Reactions .—From its diazo- compound 6* 
nUro-^-naphthol has been obtained. By reduc¬ 
tion with iron and acetic acid it yields 1 :0- 
diaminonaphlhalenc (Friedlander and Szyman- 
ski, l.c .); but when boiled with^odium sulphite 
or bisulphite solution it is converted into a 
1 : Q.diaminonaphlhaknes7dphonic acid (Read, 
Holliday & tSons, Eng. l^ 26020 of 1896). 

(iii.) 8.Nitro-)?-naphthylamlne (r. S-nitro-jS- 
naphthylamine) forms red needles, m.p 103’6°, | 
and its acetyl derivative, yellow needles, m.p. 
195'5®. From its dtazo- comfiound H-nilro-^- 
mphthol can be obtained, and it gives 1 : 7- 
diamiiwnaphlhakne on reduction (Friedlander 
and Szymaneki, Ber. 1892, 25, 2081). 

(iv.) 6 - Nltro - ^ - naphthylamine • 8 - sulphonlc 
acid, obtained by nitrating jS-naphthylainine-8- 


sulphonic acid dissolved in sulphuric acid 
(Ifninerheiscr, I). R.-P. S7023^, gives a barium 
salt BaA2-b4iH20, and ammonium salt NH,A. 
in red crystals (Jacchia, Amialen, 11K)2, 323, 
119), and yields 2: (i-duimino7iaphthaU’nc on 
reduction with sodium amalgam (Friedlander 
and Lucht, Her. 1893, 26, 3033). 

The 4 : 8-diaulphonic acid is ofitamed by 
nitrating aeetyl-iS-na])hthylnjn]ne-4: 8-disul})h- 
omc ai'id in suljihuric acid solution and hydroly¬ 
sing the ]>roduct (Hoclist, I). P. Aiiin. F. 31417). 


V. Diamino- Dbbivatives. 

lutxidu^Uoi/. —'J’he exislenei' of ten dminino- 
nafilithaleues is to be expected on theoretical 
grounds, ami ton have been idenlilied. The 
methods enijiloyed in tlu'ir production involve 
usually eitlK'r i^jilueenieiit of OH by NHj in 
arninonajilithnls or dihydioxynaphthalenes, or 
ri'diietion of dinilronafildhah'iieH or nitro* 
imphtliylannneH or of a/o- dyi's. 

For tlio ]>repatation of the 1:2- or 1 : 4- 
diaininona])hthidene, ledm tiou of the o- or p- 
azn dyes of the najilitli.ilene m'Iich by stannous 
ehloiide <an be emjiloyed ; and for that of the 
I : 3 deii\ativ(' use is iiyvdo of the naphthyl- 
amine- or na})hthol-3-sul})lionjc acids, os these 
exchange the SO ,11 group in the lufta- position 
for an Nil. rjuhcle when lieated with ammonia. 
'I'hese homonueleal eompimnds respectively 
rcHcniblc m jirojx'ities. tin* ortho-, para- and 
imtii- diauiines of the benzene senes. 

Of the heteronneleal compoundK, the 1 : 5- 
and I : S-diamines arc the most important. Tlie 
1 : .5- derivative has been used (or the jiroduction 
of disazo- dyes, hut the interest attaching to the 
I : 8- deiivative is <lue less to its property (< 
eou]4ing with dmzolisetl bases than to the 
readinohs with which -like the 1 : 2- and 2 : 3- 
diammeH—it forms a third Hix-nn'inbeied ring. 
Some of these pert- condensation products are 
coloured, others colouiless, and, according to 
Sachs, colour or its ahHcncc is associated with 
t he piesence or absence of an imsaturatcd linking 
m the new ring (Aiinale^i, 1909, 366, 53): 
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The diamiminajilithalenes crystallise well, 
hut, as a rule, are less stable, and therefore Iflls 
siiitablefortheproductionof (lyestufTs,* than the 
respective diaininonaphtludenesulphonic acids. 
With nitious aeid, the 1 ; 2-, 2:3-, and 1:8- 
diamines furnish uzimino- compounds, but the 
1: 4- diatnine is oxidised to [a-]nHi»hthaquinono ; 
the heteronueleal diamines, with the exception 
of the I : 8- isomeride, give tetrazo- derivatives 
of wliieh that from the I : 5- diamine furnishes 
substantive disazo- dyes for cotton (Badische, 
I). H -W 31W54). 

^ i-Arybulijlionyl derivatives of 1:4-dlamiao- 
uaphthalcne have a high degree of stability and can 
be used in the production of orfAo-azo-dyes (Morgan, 
and Grist, Chem. 8oc. Trans. 192J, 119, 603; Morgan 
and IraperUl lYust, Brit. 1*. 100868). 
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DIAMINONAPHTHALBNES. 


T)lA»pNONAPHTHALENES. 

NHg (i.) 1: 2-D!aminonaphthalene i« ob- 

AAj^H reducing azo- comi)ound 8 

; ! ; * derived from ^-najdithylarnine by 

W coupling with diaz()ti 8 cdl)a 8 eH((»rie 8 H, 

lier. J882. 15, 21!):i i Lawson, Her. J885, 18, 8 (K), 
2422; m'hs. ?/>»/. 2128; Witt, Ber. 188(>, 
10. 2705; 1888, 21. 2482); or [ 6 -]naphtba- 
quinonedioxnne (KoivlT, Her. 1886, 10, 170); or 

2- nitro-a-najjhlhvl.itnme (Lellmunn and Roniy, 
ibid. 802); or l-nitr<i-/?-riaj)bthylamin(‘ (Lawson, 
I.C.: LiBniuim and Jteiny, l<\) with stauuourt 
chloride in liyilrochldin; acid Sidntion. It can 
also be obtained from 1 : 2-dianiitionaplitliah‘ne- 
4*sulj)hom(* acid (hhicdlandci and Kielbasinski, 
Bor. 1806, 20, 1078) oi 2- oi 5-Muli>boiiic acid 
(Oaltermann and Schulze, Hci 1807, 20, 52, 55) 
by interacdion nith sodium ainaLMin. 

Prcpurnfiun —On the lalasratoiy scab*, 10 
grama of l>enzcnea’/o-)9-Tiaphthylamii\e. dissolvcil 
in 200 grams of boiling acetic acid (I : 5), are 
reduced by adding zim'-dust in small (iuantit-i<‘s 
until the eolour of the solution changes to bright 
yellow. 'rh(‘ .sul[>liate, obtained l)y liltering the 
boiling solution into ibliite Kulpliiinc acid, is tln n 
boih-d witli sodium carbonate solution until 
dissolved (Bamberger -uid ScliK'n’c'lin, Lcr. 1880, 
22 , 1276 ). 

IditiiiftrnfUm. —It sejiarates from liot water 
in silvery rhoinbnt seah s, in.p. 05"-06", and is 
oxidised rapidly, becoming blown on oxiiosuie 
totheair. Thel/ydror/f/ora/r B-2IH1 formsshoit 
prisms «5asily soluble in water, and witli lerne 
chloride givc.s an ol[ve-gt<‘cn colouration, chang¬ 
ing to brown ami yellow ; iiw sidphult 
scales; the duicdpl compound, lusallcs, m j>. 
224° (Lawson, / ( ). Witli bcn/al. !/?• |naphtha- 
f![uinone, phenanthra<|umone (liawson. / r.; Witt, 
I.C.), or glyoxal (Hiiisberg, M(m. l8tK). 22, 125)4), 
it ytchls i/iiiiMmilinrs, and with mti’ous acid a 
mixture of tlie IwticomiKmnds (Morgan 
and (lodden, (2iem. Soc. Trans. lOlO, 07, I7J8). 

'I’hc [-((cdi/l denvativi' has been obtaini'<l, 
not by a<!etyiation but mixed with the I : 4- 
com)iound ( 7 .?’.), by mtratioii acetyl-a- 
naphthylamine and rcMluctioii of the product 
(Dahl, 1). P. Anm. I). 6502). 

2-P h 0 11 y 1 a m 1 n o-a-n a p h t h y I a m 1 a e, 
broad needles or scales, m.j). 128"-J40'’. form¬ 
ing very sparingly soluble salts (Witt, Per. 1887. 
20, 573, 1184 ; /ineke and Law'son, 1170); 
and the 2 - 7 >tolvl derivative, needles, m.}). 
146°-147‘’ (Fiscluw, Ber. 1802, 25, 2846), have 
been obtained by reduction of azo-derivatives 
of phenyl- ami 7 i-tolyl-/?-naphthylarmii(“. 

(ii.) *l; 2-Dlamln6naphthalen'eisfo)TmMl when 
1 ': 2 -dinitrona]ihthalone is rodin-ed w'lt h t in and 
hydrochloric acid (Urlian, B(‘r. 1887, 20, 072). 
It is also produced when sodium a-najihtiiyl- 
amine- or a-naphthob 2 -sulphf)nato is heated 
with ammonium clilonfle and 22 ]) c. ammonia 
under pressure at 160'’'-I80° (Kalle, T). H.-ik 
89061: Kng. P. 0102 of 1805); or when 1-ammo- 

3- naphthol (Friedlander, Ber. 1805, 28, 15)52), or 
J : 2-dihydroxyiiaphthalene (Friedlander and 
Hiidt, Ber. 1896, 20, 1612), is heated with con¬ 
centrated aqueous ammonia uiidei pre.ssure at 
150°. 

IdcnUficalion .—It crystallises from water m 
scales, in.p. 06° ; its hydrochloride B'2HC1 and 
sulphate in easily soluble needles, wdiich in 


solution give a dark brown colouration w’ith 
ferric chloride; the diacdyl compound in 
sparingly soluble needles, in.p. 262° (Friedlander, 
l.c .). With diazotiscd bases it gives uhrystiidines, 
and with nitrous acid a dec}) yellow colouiation 
(Urban, lx.). 

Diphenyl-1 ; 3-(iiaminonaplithalene is 
obtained wlnm a-naphtbvlamme-2-8ulphoni(! 
acid (Bayer. 1). B -J*. 75206; Fng. P. 8898 of 
1892), ph<*nyl-a-na[>btlivlamine-2-sulphonie acid 
(Bayer, I). R.-P. 78854 Kng. P. 19622 of 1802), 
or a-naj»hthol-2-.su!])honje acid (Bayer, D. K.-P. 
77866; Kng. J*. 16780 ol 1802) is heated wutb 
aiiilme and anilim* bydiothloride at 15(^-170°. 
It IS insoluble til, and its hydrochloride is decom¬ 
posed l)y water. The eoiu-spondmg ditolyl, 
dixylyi, and plienyltolyl derivatives have 
also been |in“|),ircd. 

(Ill ) I ; 4-Diaminonaphthalene is formed by 
reducing az<i- derivatives of a-na]>lit]iylamme 
with tin or stannous ehlonde and liydroehlone 
a'Md (Perkm. (’iK'ni Soe. Journ. J865, 18, 172; 
(hiesH, .Bei. 1882. 15, 215)2 . Kriedlamh'i', Ber. 
1885), 22. 500) or with sodium }iy|Hi(liydro)sul- 
))lulc (Urandiiiougin, Bei. I5)tl6, 25), 25t)]): or 
by rediiemg 4-iiitio-a na]>ht)iylamine with tin 
and liv<ltoel)loiu- acid (Lielieimami and Dittler, 
Annalcn, I87t), 182. 228) It is also formed 
by hydrolvsing 1 : J-diaminonaplithahaie-ti-wiil- 
pliome add {('assella, I). R -P. 74177*; I'hig. V. 
15444 of 185)2). 

J'lejuiroiion .—On tin- Uiboiatory scale, ben- 
/.eneazo-a-naplilbvlii mine is boilrtl v, ith zine-dust 
and water, the eohnirh'ss solution tilii'reil into 
dilute sulphune acid, ami the eiy-stidline sulphate 
wariiu'd v\j(li a«|iieoiis soaiuni cail»onatc fur 
aliout 5 miuuU's (Bainbergia and iSehieffelni, 
Ber. 1880, 22, 1281). 

Idoditiiiiiioii —It crystallises from water in 
needles or small }»risinH. m ]•. 120’. winch when 
moist ra]>idly become coloured grec'ii ami de- 
eom]K)se. Tlic In/drochloiidc B*2H('i forms 
readily soluble .s( ales, and in neutral solution 
with feirie chloride gives a green colouration, 
changing to a blown ]>reeij)itatc of impure 
[a-]naphtluiqumone (Oriess, I c.); tlio f^ulphnic 
B-HoSO^, sjianngly soluble needles ; the dtaedyl 
derivative, needles, m.p. 205° (Kleomanri, Bor. 
J88<),-10, 224 ; Bainheiger and Kehieffelin, lx.). 

Iteaciums'- -By nitrous acid {Oran<lmougin 
atwi Miehel, Ber. 1802, 25, 077) or by dilute 
chromic^ acid • solution, or lerne ehlonde, it is 
•ixidiseU to [a-\it<iphfh<iipnnonp. Reduction in 
boiling amyl al<‘f)hol solution with sodium con¬ 
verts it into av.-t<hohydro-\ : A-dtaminomph- 
(hih tii . 

Monoacety 1-J :4-diaminona})hthaleiio 
IS obtained, mixed witli the I : 2- derivative, 
wlien acetyl-tt-na]>hthylainine is stirred with 
4 times its weight «)f 40 }>.e. nitric acid at 0° 
during about IS hours and the })roduet reduced 
by iron. To separate the isomendes, the mixture 
(I mol.) is either licated with dilute hydrochionc 
acid (1 mol.) at 80° when the hydrochloride of 
the 1 ; 4- jlenvative iiasses c<)m])lct(dy into 
solution and can. afterw'ards be salted out, or 
boiled witli dilute 8ul])hunc acid (1 mol.) when 
tlie sulphate being only sparingly soluble in the 
cold can be freed from the 1; 2- derivative 
which remains in solution (Dahl, Di P. Anm. D. 
6.502). Unlike the diamine, w'hich is not diazo- 
tisablo, this compound can be used in the 
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production of disazo- dyes, as the free amino- 
group can be diazotisod and coupled beh're the 
acetylamino- group is de-acetylated. 

«??-A7/7nm..I)iniethyl-l : 4-diaminonaph- 
thalene, an oil (Pncdlundor and Wclmans, Bor. 
1888, 21, :1I24): and the ethyl-, m.]). ir»2" 
(Kock, Annalen, 1888, 243, 312 ; Bamberger 
and Goldschmidt, Ber. 181)1,24,2471); ])henyl-, 
m.p. 148” (Wackor, Annalen, 1888, 243, 3*02; 
Fisoher, Annalen, 1805, 28(5, 183); and a-naph- 
thyl-diaminci- derivatives (Wacker, 1 r.) have 
been described. 'I'he to 1 uene-p-siiIphonyI 
derivative forms talilets. l85'’- lH(r' (Morgan 
and Grist, ('hem. 8oe. Trans. 1021, 1 10, (505). 

(iv.) j : 5 Diaminonaphthalene {\a-\di(ininio- 
iKiphthalfiK , artmmifthlhfdidaw) is obtained 
from 1 : 5-(linitronapblli;dene by reduction v'ltli 
ainmonmni snljilude (Zinm, Anuak'n, 1844, 52, 
3(51), with till and hydioeliloric acid (llollcniatm, 
Zeitsch. (’hem. 18(55, [u.! 1, 55(5; l^adenburg, 
B(‘r. 1878, IJ, 1(551 ; Krdmann, Annalen. 1888, 
247. 3(5((), Moth stannous chloride and alcoholic 
hydrochbu'ic acid (Miycr and Muller, Ber. 1807, 
3(), 773). or with pliosphoius lodidi' anti water 
(Aguiar. Bcr. 1870, 3. 32; 1871, 7, 30(5). it is 
also fojined alien I : 5-(lihydroxyna])lithalene is 
heated cither witli ammonia uihIct jiressure at 
2.50"-3(Kr (Ewer and Pick, J). K.-W 4554'.p, or 
with aminomiim bisulphite solution and am- 
moma at J25’ (B.idis.lic, l>. Jt.-I’. 117471; 
Eng. V. 1387 of JOOO); or when 1 : 5-djaimno- 
riaplitlialene-2-sul])home aeid is InMted with 
dilute miiioial acid (Piiedl.inder and Kielbasin- 
ski, Ber. J80(5. 20, J083); or wln'ii a-mijiliibyl- 
amine is beatod uith najihtlialeiie ami sodamide 
at 2.30 ' (Saebs, liei. 100(5, ,30, 3021). 

Idcnhficntion .—It eiystallises in needh's, 
ra ]). 180‘5‘', sublimes without dt'composdion, 
and with feme ehlonth* gives an intense liluish- 
violet eoloufation. 'I'lie In/drockloridv 15-214(3, 
and the .sulphuti- 15-)J_,S(), form moderately 
soluble needles, the- dumh/l eonipound, m ]>. 
3(50’", un!d\e the diamine, cau.st's sm-ioiis irritation 
of tin* skin (Kunekell and Selineider, (liem. Zeit. 
1012,3(5, 1021, 122(5 ; c/.(’hem. Eab. R. Schcuble 
& Ck). ibid. 122(5). it IS cf)nveiiible into J : 5- 
dkJilorovaphihidctir (Erdmann, / (.). 

Reaction^:. — VA’ith nitrous ai-id it yields a 
letrazo- compc^lnd, and, by coupling ^with 
diazotised bases, ozo- or dif^azo- dyes. Re-dnced 
in boiling amyl alcohol solution with sodium, it 
•gives a mixture of ae.- and ar.- i^.traliydro-l ; 6- 
dmmtTioniiphihalenc. By tlie bisulphite iftaetion^ 
\-amino-!j-vapJUhol is the product. On sul- 
phonation, its sulphate yields 1 : (j-dia7tiino- 
Tuiphthahnc-'l-sulphonic and. * 

(v.) 1: 6-Diaminonaphthalene, prepared by 
heating 1: (5-tlihydroxynaphthalene with am¬ 
monia under pressure at i50"-300° (Ewer and 
Pick, J>. R.-P. 46788), or /3-napl\^ylamine with 
sodamide and naphthalene at 230® (Sachs, Ber. 
1000,30,3022), can be obtained pure by reducing 
either 6-nitr(^-naphthylaminc with iron and 
acetic acid (Friedlander and S/.ymanski, Ber. 

) 892,25,2080; f/. Hirach, 1). R.-l>.6749]; Dawson 
and Hirsch^ Eng. P. 07C8 of 1800), or 1: (5- 
dinitronaphthalene with tin and hydrochloric 
acid (Kehrmann and Mails, Ber. 1808, 31, 2410). 

Identiju'ation .—It crystallises from water in 
short needles, m.p. 77*6®, darkens on exposure j 
to air, 8how8*blue fluorescence in solution, and 
gives with foiTic chloride a dark brownish-violet 


colouration. The hydrockloridp, needles, 'is 
ea^ly, but the sulphite B'H 2 l 804 , needles, only 
sparingly soluble in water; thb diaccfi/t deriva¬ 
tive, needles, m.j). 257'^, dissolves spaimgly in 
alcohol. The (etrazo- coinjiound is (‘onvertible 
into 1: i)-dichlorofinphihakue (Friedlander and 
Szymanski, Lc.). 

' (VI.) 1 :7-Dlaminonaphthalene is i)<4>pared by 
redu<'iug 8 -nitro-y 8 -na]>lithylamine in alcoholic 
solution w'lth tin and hydrochloric acid (Fried- 
lander and Szymanski, I5cr. 1802, 25, 2082), or 
by healing 1 :7-<bbydroxy-^-iiaplitboic acid 
with ammonia umicr pre.ssure at 2(K)®-2U)® 
(Friedlamlcr and Zaibcig, Bcr. 180(5, 20, 40). 

Idnitijicniioii. —It ciystiilliHcs from water in 
needles, m ]). 117-5“, gives with ferric chloride a 
violet Colouration, and forms a duicdijl deriva¬ 
tive, rhomliohcilra, m.p. 213®. The ietrnzo- 
compound is convertibic into 1 ; 1 ■dicf/hTuwiph- 
thalnic (Friedhui(J.cr and S/ymanski, l.r.). 

(vii.) 1 : 8-Diamlnonaphthalene ({^-^diutnino- 
naphthalnu ) can be obtained by reducing 1 : 8 - 
(linitrona])lithalene either with piios])liorus iodide 
and wntt'r (Aguiar, Ber. 1874,7,30(5 ; Meyer and 
Muller, I5cr. J807, 30, 775), or with tm and 
liydrochloric acid (Ladenbiirg. Bei'. 1878, Jl, 
J(551 ; Erdmann, Annalen, 1888, 247, 3(53). It 
IS also formed when 1 ; 8 -<lihy(lroxynn])hthalen(! 
is h(‘at( il with ammonia umU'r pressure at 250"- 
3(K)-’ (h’rdmann, lx.). 

Idt'iitiJifatio7i .—It crystallises from aqueous 
alcohol in needles, m.p. (57", and in aqueous 
solution gives with fcrni; chloride a dark 
(diestmit-blown colouration. The hydrwldonde 
, B-21l(3 forms very sitluble scales, in.]). 280" 

(Ekstraiid, Bor. ]H87, 20, 1353); the mlphnte. 
i Bdf^SOj, sparingly soluble needles; the 
\ ddhoizoijl derivative, lU'edles, m.p. 311"-312® 
i (Sachs, I5ci. Jl)0(5, .30, .‘5027); and the oxalatef 
either ni'cdles, m.p. 271" (Moyer and Muller, 
tx.), or HA-f2H.,(), deeoinp. 270"; BgA, m.p. 
205" (Saebs, AnnalmqJOOl), 3(55, JOl). 

Rmitioiifi —Many condensation products can 
be oblamed from this diamine. For example, 
with acetic anhydride it torins a green avhjdro^ 
eonqiound, m.]). 210" (Sachs, Ber. 100(5, .30, 
3027); with <-lhyl oxalate, a red crystalline 
pcnmidun • derivative (Aguiar, lx. ; Meyer and 
i Muller, lx. ; Sachs, Annalen, JOOO, 305, 60, OG); 
j with phthalic anhydndi* a yellow perimidyUxn- 
' ZOIC arid or red pldludoprnnovr, needles, m.p. 
227°-228® (Sachs, d>kl. 117; Bayer, J). R.-P. 
202354 ; Eng. P. 7575 of 1908); with acetone a 
coluurle.ss dimethyldihydroperiwidine. {rf. Sacha, 
dnd. 151; Badisohc, J). R.-P. 122476); with phos¬ 
gene or alkyl carbonates, colourless pmmid- 
07ics (Sachs, ibid. 1!15). 

With nitrous acid, it yields a red 
derivative, and uzo-dyes by coupling it with 
diazotised bases. Its acid sulphate, when 
baked m a vacuum, is converted into 1 : 8 - 
din7nifiOi7.nphihaleue-4:mlpho7iic arid. Boiled 
with sodium bisulphite solution and afterwards 
with alkali, it gives l-arniuo-H-napklhol; but 
when heated with 17 p.e. hydrochloric acid at 
180® the product is ] : H-diltydroxynaphlhalpne. 

(viii.) 2 : 3 Diaminonaphthalene is obtained 
}>y heating 2 : .3-(lihydroxyiiapnthalene either 
with 30 ]) c. ammonia solution under pressure at 
260® (Hochst, I). K.-P. 73076; Friedlander and 
i Zahrzew'ski, Ber. 1894, 27, 704), or with 30 p.c. 

I ammonium sulphite solution and 20 p.c. ammonia 
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at 80®, the product afterwards being acidiBed 
(Badische, I).R.-P. 117471; Eng. K1387 of 190Q). 

Idenlificati(m.~li crystallises from water in 
scales, m.p. 191®, and gives no colouration with 
ferric chloride. The hydrocMoridr is easily, but 
the milphate. only sparingly, soluble. The 
diacetyl derivative forms needles, m.p. 247°, 
convortibli by prolonged bolhng with acetic 
acid into an anhydride, m.p. 168''. 

Reactiow .—Its behaviour is that of an o- 
diamine. With nitrous acid it yields an azi‘min/)‘ 
derivative, yellow needles, 187°, and with 
diazotised bas(;s (1 mol.) it couples giving red 
azo-dyes (Fnedlander and Zahr/:(mski, l.c.). 

The di])henyl derivative obtained by heat¬ 
ing 2:3-diliydro?rynapht haleno and aniline with 
1 j).c. of iodine at 200^, forms needles, m.p. 143° 
(Kiioovenagel, .1. pr. ( iliem. 1014, [ii.] 89, 37). 

(ix.) 2: G-Dlaminonaphthalene i.s obtained 
when 2: C-dihydroxynaj)htfml(i(K) is heated with 
ammonia undi^r pressure at I.'ll)®-,309® (Ewer and 
Pick, D. R.-P. 45788); or with ammonia and 
ammonium chloride at 200°-250° (l^angi?, (Ihem. 
Zoit. 1888, 12, 856); or with ammonia-caleium 
chloride at 270® (.laeebia, Anmilen, 1902, 323, 
132). It is also formed by reduction of 2 : 6- 
diamiaonaphthalene-4-sul])bonie acid with sodi¬ 
um amalgam (I’riedlander and Lucht, Ber. 1893, 
26, 3033). 

Identijicaluyn .—It crystalliBes in scales, m.]). 
216®, darkens on exposure to the air, and with 
ferric cliloruh* gives a green colouiation, which 
changes to blue when the solution is W'anuod. 
The sulpluUe is sjiaringly soluble; tlio diacdyl 
derivative forms needles. 

The diphenyl derivative, obtained by 
heating 2 : 6-diliy(lroxynaphtlialene with aniline 
and aniline liydrochlorido at 170°, melts at 210° 
fLeonhardt, i). K.-P. 54087 ; Eng. P. 3098 of 
181K)). 

(x.) 2 : 7-Diaminonaphthalene is obtained 
when 2 : 7-diliv(lroxynaphthaldne is heated with 
ammonia under jiressure at 150®-.300° (Ewer and 
Pick, 1>. R.-P. 45788); or with ammonia and 
ammonium chloride at 2(K)°-250° (Lange, C'liem. 
Zeit. 1888, 12, 866); or with ammonia-caleium 
cldoride at 260®-270' (Bamberger and Sehielielin, 
Ber. 1889, 22, 1384); of boiled with ammonium 
sulphite solution and ammonia (Kranzen and 
Deibel, J. pr. Ohem. 1908, |ii | 78, 155). It is 
also formed from 2'aiiiiiu>-7-naphthoI by the 
bisulphite reaction (Buoherer,pr. (’hem. 1904, 
Lii.l 69, 80 ; r. p. 416). 

Identification .—It crystallises from water in 
scales, m.p. 161°, and gives no colouration with 
ferric chloride. Its salts arc easily soluble. The 
diacetyl derivative forms needles, m.p. 264®. 

* Reactions .—Diazotised m acetic acid solution, 
it yields only a diazo- compound (Kaufler and 
Karrer, Her. 1907, 40, 3263), but in sulphuric 
acid a teirazo- derivative convertible into 2:7- 
dichloronaphthalcnc (Morgan and Micklethwait, 
Chern. Si>c. Trans. 1910, 97, 2558). By the bi¬ 
sulphite reaction it furnishes '2-ainino-1-naphthol. 

J)iphenyl-2 : 7 • diaminonaphthalene, 
obtained when 2: 7-dihydroxynaphthaleno is 
heated with aniline and aniline hydi'ochloride 
at 140®-180® (Durand and Huguenin, I). R.-P. 
40886 ; Annaheim, Eng. P. 14283 of 1886 ; Ber. 
1887, 20. 1.372), forms scales, m.p. 163°-164°; 
its diacetyl derivative, small er}’^8tal8, m.p. 
197-6° (Clausius, Bor. 1890, 23, 628); and its 


tetrametkyl-j)-diaminO‘ compound, obtained by 
interaction of p-aminodimethylaniline and 2: 7* 
dihydroxynaphthalene at 2(K)°-22()®, ill-defined 
crystals, m.p. 180® (Aktienges., B. R.-P. 75044). 

The o-tolyl, m.p. 106®; p-tolyl, m.p. 236®- 
237®; and ;/?-"xyIyl. m.p. 130°, derivative.s have 
also been prepared (Durand and Huguenin, l.c.). 

DiAMIXONAPHTHALKNKSULPHONiC AciOS. 

'rhe methods by which sulphonic acids of the 
heteroriuclcal diaminonaphtliaicnes can bo ob¬ 
tained do not lend themselves to generalisation ; 

' those for the production of homoniicleal diamino- 
iia])htha)eiieHuli)honic acids can be summarised— 

(i.) Ji’or 1:2- or 1 : 4-dianunonai)hthalenc- 
siilphonie acids ; Reduction of azo-dyes formed 
by coupling diazotised base.s with the appro¬ 
priate or a-naphtliylamine8ul]>honic acids 
{ef. Witt, Ber. 1888, 21, 3486; Reverdm and de 
la Jlarpc, Ber. 1892, 25, 1403 ; 1893, 2(», 1281). 

When, as may be the case w’lth azo-dyes 
obtained by coupling with a-na])htbylamine-3- 
or S-.sulphonic acid, a mixture of the 1 ; 2- and 
I ; 4-diaminonaphtlialcnesiil])honio aci<la is ob¬ 
tained, the ready sohibility of the 1 ; 2- deriva¬ 
tive in sodium sulphite solution in the cold 
afT<)rd8 a convenient means for aelHe\nng their 
separation (tlatternuiim and Liebormann, An- 
nalen, 1912,3<)3, 20(>). 

(ii.) For 1 : 3-<liaminona)>lithttIenesulphonic 
acids: Interaction of tt-naphthylamme- or 
a-naphthol-3-siiljihonic acids with ammonia at 
higli tcinjM'.ratures (Kallc, 1). R.-P. 89061 ; 
Eng. P. 9103 of 1895) 

Is’Ha NHg OH 

AA AA AA 

Biaminonaplithalenesulphoiiic acids are used 
technically for the. productiou of uzo-dyes and 
azine dyes. 

For azO‘ dyes. — Diainiiionaphlhalcnesul- 
]>honic acids yield azo-dyc.s, by coujiUng with 
diazotised bases, if derived from the 1 : 3-, 1: 6-, 
and 2 : 7-(lianimes. Like the base itself, 1 : 5- 
diaminouaphtlialenc-3: 7-di8ulphonie acid fur- 
nislies a tetrazo- compound which, when coupled, 
give^, direct cotton dyes (Caslella, D. R.-P. 
62075; Eng^P. 15346, 15347 of 1890). 

1: 4-Diaminonaphthalene8ulphonic acids do 
not couple with diazotised bases. By nitrous, 
acid, tl^jy are usually oxidised, but azo-dyes can 
De made from them by employing the mono- 
acctvl derivatives in which the one amino- group 
can i>e diazotised and coupled before the ether is 
de-accty)ated {cf. (’a-ssella, B. R.-P. 78831 ; 
79910; Eng. P. 16444 of 1893). The 2-8ulphonic 
acid can be diazotised in acetic or oxalic acid 
solution, but only one amino- group is attacked 
until the product has lM?en coupled with a 
naphthol, when the second becomes reactive, 
and by coupling furnishes substantive disazo- 
dyes for cotton (Levinstein, B. R.-P. 102160; 
Eng. P. 2946, 17064 of 1896). 

1:8- Biaminonaphthalenesulphtinic acids 
form azimino- derivatives with nitrous acid. 
They couple with diazotised bases forming azo- 
dyes, but a marked increase in fastness and 
purity of shade is obtained if instead of the 
diamino- acids their acetone * condensation 
products (dimethyldihydroperimidines) are used 
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(Badische, D. R.-P. 121228» 122476; Eng. P. i ene8(Bayer,D.K-P.78497/77189,80778,86223» 
12819 of 1900), or if the azo-dyes, formed 8Q224; Eng. P. 8898, 11892 of 1893), and from 
by coupling 1 : S-diaminonaphthalenesulphonic the diaryl-2: 6- and diaryl-2*: 7-diaminonaph- 
acida with diazotised bases, are converted into j thalenes (Leonhardt, D. H.-P. 54087 ; Eng. P. 
azimiiio- derivatives (Cassella, I). R.-P. 77425 ; ; 3098 of 1890). 

Eng. P. 24714 of J893 ; I). R.-P. 139il08; Eng. | The sourcc-s and general characters of 
P. 26147 of 1901 ; Bayor, 1). R.-P. 222928; c/. j diarninonaphthalenesulphonjc acids are sum- 
flochsLJ). R.-P. 143387; Eng. P. 953 of 1903). marised in the following tables, references to 
For The sulphonio acids employed I fluorescence, usually green in colour, or non- 

la the production of azine dyes have been those ‘ fluorescence of solutions of the alkali salts being 
derived from the diaryl-l: 3-diaminonaphthal- omitted, for want of room :— 


Disminonaphthalenemonosulphonlc Acids* 


Constitution. 


Preparation. 


Acids, Salts and Reactions. 


N:N:S 

1:2:3 

1:2:4 

1 : 2;6 

1 : 2:6 

1;2J7 

1:3:5 

1:3:6 

1:3:7 

1 : 8:8 

1:4:2 

1:4:5 

1:4:6 


Reduction of azo-dcrivatives of a-naplitiiyl- 
amliio-3-sulpliouic acid ((.latterniann 

and Schulze, Her. 1897, 80, 54). 

Reduction of a 7 x)-dcrivatives of <i-naphthvl- 
amine-4-8uli)honlc acid (Witt, Her. 1880, 
li), 1720); wrofconKi>-red(FriedI)Uideraiid 
Kielbasmski, Her. 1890, 29, 1978). 

Redur tion of azo-denvativea of a-napbtliyl- 
ainnie-r)- 8 nliihome. aeul (GatUrmann 

and Schulze, Her. 1897, 00, 60); or of 
f{-iiapht)iviainlne- 5 - 3 ulpliomc acid (Witt, 
Per. 1888. 21, 0480). 

Reduction of uzo-dorivatives of /9-naphthyI- 
aniliic-O-siilphonic acid (Witt, Bcr. 1888, 
21, 0484). 

Reduction of azo-dcrlvatives of 8 -naphthyl- 
amine-T-suJphonic acid (Witt, Rer, 1888, 
21, 0480). 

a-N.aphtliol-O: . 0 -disulphonlc acid heated 
witli amnioiii.a under pressure at 176° 
(Kalle, D. R.-l'. 94075). | 

o-Naphthylamine- or a-naphthol-3 : fi-dlsiil- ' 
phonic ai-id heated with ammonia under 
pressure at I<f0"-lft0° (Kallo, D. R.-P. 
80001,94075; Eng.P.OlOOoflSOO; Frlcd- 
Iftnder and Taussig, Her. 1897, 30, 1402). 

a-Na))litljyl.amine- or a-naplithoI-3 : 7-(lisul- 
plionlc acid heated with ammonia under 
pressure at 100 -180^ (Kalle, J>. R.-P. 
89001; Eug. P. 9103 of 1895). 

a-Naplithylaininc- or a-naplithoI-3 : 8 -dIsuI- 
phonic acid heated with ammonia under 
pressure at 100°-180“ (Kallo,.!). R.-P. 

; 890C1; Eng. P. 9103 of 1895). 

I • 

(1) Reduction of azo-derlvatUes of a- 

I i)aphthylaminc-2-sulphonic acid (Levin¬ 
stein, D. P. Anm. C. 593^; Eng. 1*. 

j 2946 of 1890; Oesterreich, cf. .1. ^oc. 
Chem Ind. 1898, 17, 836). 

(2) Action of sotlhim bisulphite on [«-] 
naphtlmqumoucohlorimido (Pnediander 
and Runhardt, Per. 1894, 27, 239). 

Reduction of 4-nitro-a-naphthylamlno-5- 
Bulphonio acid (Bayer, D. R.-P. 133951 ; 
Levinsttiin, Eng. P.^8178 of 1899). 

(1) Sulphonatlon of acetyI- 1 : 4-dlamlno- 
naphthalene with 20 p e. anhydro-acld at 
25 -50° and subsequent de-acetylatlon 
(DalU, J). R.-P. 60354; Ammclburg, 
J. pr. Chem. 1893, (ii.J 48, 286) 

(2) Reduction of azo-derlvatlves of «• 
naphthylamlne-0- or 7-8ulphonlc acid 
(Levinstein, Eng. P. 12119 of 1898; 
Gassells, D. R.-P. 116922). 

(3) As the mixed I- and 4-acctyl derivative® 
by nitrating a mixture of acetylated u- 
naphthyiamine-0- and 7-6ulphonjc acids 

• and after salting out reducing the prMuct 
(Cassella, 1). R.-P. 74177; Eng. P. 16444 
of 1893). 


Acii/, HA, broad ncedh-s. Gives intciwo omorald- 
green coJoiiratiou with ferric chlorldo. 


Act/i, sp. soluble needles Is decomposed by nitrous 
arid and does not (xmple. Acetyl derivative 
converted into ethenyl eompound by mineral 
aehls or heat (Lange, D. R.-P. 57942). 

Acui, HA, sparingly soluble leaflets. 

Is decomiKtsed by nitrous acid and does not 
couple with diazotlaed bases. 


Acid, .sparingly soluble needles; salt,scales. 

Is iiccomposed by nitrous acid and does not couple 
with diazotised bases. 

Acid, grey powder. 

Is deiiomposed by nitrous acid and does not couple 
witli iHnzotised bases. 

Aad, readily sol. (’ouples with diazotised bases. 

For dtaryl derivatives, cf. Bayer, H. R.-P. 77860, 
78854 ; Eng. P. 16780, 1962.3 of 1893. 

Acid, si)arlngly ; sodium salt, readily soluble. • 

I'onns yellow dwtzo-comiiouncl. Couples with 
diazotised bases. 

For diaryl derivatives, cf. Bayer, D. R.-P. 76414, 
77860, 78854; Eng. P. 8898, 10780, 19623 of 1893. 

A9uI, very sparingly soluble needles. Gives 
reddish-brown colouration with ferric chloride. 

For diaryl derivatives, cf. Bayer, l.c. 


Acid, very sparingly soluble. Gives reddish-brown 
colouration with ferric clilorldc. 

For diaryl derivatives, cf. Bayer, l.c. 


Acid, very sparingly soluble. Gives dark greon 
colouration with ferric chloride. 

In aectlc acid solution forms dtazo-compound with 
nitrous acid (1 inol.), convertible Into ifnaphthyl- 
aminC’Z • sulphomc acid and by coupling into 
ffzy-dyes In which tlio second amlno-groui) can 
be diazotised and coupled to furnisli at^ozo- 
dyes (Levinstein, l.c .; 1). R.-P. 102160). 

» 

Add, greyish needk^, rapidly oxidised in alkaline 
solution. 


Add, very sparingly soluble. With nitrous acid 
or ferric chloride forms [ll•]napkthaliuinon€ 
(l)ahl, l.c.). 

Formyl denvatlvo (Gaess, D. R.-P. 138030, 138031 ; 
Eug. P. 3152; 8195 of 1902). 

Acetyl derivative (Dahl, l.c .; cf. Bayer, D. R.-P. 
100609); acid, HA. needles, and lead salt, 
PbAji 11 H|{ 0 , very sparhigiy, but tine, 
ZUA 2 -I- 34 H 2 O, needles, hanum, BaAj-f7H«0, 
flat prisms,' and potassium salt, KA, needles, 
easily soluble (Ammelburg, l.c.). Gives biiuiant 
blue colouration with ferric chloride and is diazo¬ 
tised by nitrous add. 
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Constitution. 

Preparation. ^ 

f 

Acids, Salts and Reactions. 

N;N:S 

1:5:2 

•i 

(1) Reduction of r»-ni(ro-a-naplithylainlne-2- 
siilphoriic acid (Cassella, i). R.-P. 70890; 
Friedlander and Kielbasiu.Hlii, Per. 1890, 
29, 19H:i). 

(2) Sulphonalion of 1. o-Uiaminon.aplithalcnc 

Hiilphnte with r> p e. niiliv<lro-aeiil at JOD" 
(BucheUT and iUilmaim, j)r Cheni. 

1909, [u j K(>. 

Aeul, sparingly .soluble small needles; sodium salt 
readily; hanum salt, BaA^, sparingly soluble. 
Forms an easily soluble yellow tctra^o-cornpouiKi. 

1 Couples with i mol. or 2 niols. of a diazotised base. 

1:6:3 

Nifr.itjoii aji<l rrduction of o-nitroii.apldiail- 
eih‘-7-sulphoiife acid (Cassrlla, J) P-J’ 
8.*»0.'>H), or, mixed with 1: 8 : 3-aejd,• of 
nai>lith.ileiie-0-siiI|)honic add ((^aMdla, 
1) K-P G7t)l7; Eng 1‘. 0972 of J801). 

A nil, .sjiaringly, salts readily soluble: hydrochloride, 
pn.sms 

Forms a fctrazy-compouud. 

1:5:4 

(1) Reduction and ile-acefvlatioii of .5- 

nitruaeet.vl-a'naphlhvliiiiimi' ■ 1 - sulplionie 
aetii (Niet.zKi and Zubeien, Her IHSO, 22, 
4.5I : Hiieherer and rhlinanu. 3 pr Clicm 1 
1900, 111 1 «t». 2.W 1 

(2) Kroin 1 . .5-dihj*lio\\riii|)iithaletie-4-.sul- 

pboiiie acid liealed witli aininoniiiin lasiil- i 
pliite solution andaiiimonia(liii<‘lKTi'ranil [ 
uldmaim, 1 <:). j 

And, very si»nriiiglv soluble. 

Forms a /cf/'^za-eompomid 

Couples with diazotised bases. 

1:6:4 

l-Aiiinio-O-naphtliol-l-Hiilplionic acid beateil \ 
willi aminoni:i iiiider pieiisnre at 170 
IWU-' (J>ahl. J> U-P 711.57; 1 

Eng. P 4[lt> ol 1802, hiletilander and ' 
Ivielbasiiifiki, Per. 1801), 20, 1970). 

And, very si>arlngly soluble iK'cdles; hanum and 
Midium, NaA-(-liir20, .salts flat piisms inode- 
raO'l.v soluble 

Fornw a b’tm'o-eomiiound which rleeoiniiose.s at O'* 
int/» a diazoiuipht/iolsulphimtc ana. C<mples 
with iliazotl.sisl bases. 

1:8:3 

Nitration ainl redin tion of tt-mtroiiaphthal- 
em--(>-sulj)lionie aud ((’assella, 1) R-P. 
8.50.')H), or, mixetl witli 1 . .5 : 3-acui, of 
naplit haleJie-^-siilpliome acid ((liiSHrlla. 

1) R.-P. 07017 ; Eng. P. 0972 of 1801). 

Arid, spaiLngly soluble needles ; alkali suits readily 
Holuble; liydrocliliiridr niH'dles. 

Forms an ariMune-deiivative Couples with 1 mol. 
or 2 mols. of diazot ised liases. 

1; 8 ; 4 

(D Reduction of 1 H-iliiiil,ron-ti>hthali‘rn'-4- 
sulpliome .•((•id (CaHsi'lla, 1). 1{ -P. 70019; 
Eng ]'. 1013 ol 180:i). 

(2) Aeiil siiiph.ite ot 1 : H-diaminonaplitbaierio 
‘ liaked ■ afiove 10t)“ in a vacuum (Haver, 
D, R.-P. 210075 , Eng. P. 0831 of 1909). 

And, almost, insoluble, nodiuni s;ilt re.idil.v soluble; 

ItydriK'IdoruIr <ui(l '■•a/p/n/tr ersslalhse well 

Forms an a^onom-di'iivalive (rf CasselLa, 1). R.-P. 

77425 ; JOiig P 24714 of 1893) 

(Jonples witli 1 mol or 2 mols. of duuoliscd bases. 

2:3:6 

2:3-l)ihydioxyn.iphthalene-0-snlplionlc acid 
or 2-amino-:Pna))htli()l-0-s\dphonic acid, 
lieated with amnK)ni.i umlei' pre.ssure at 
150' 220' (AktieiigcN, J> p Anm A, 
3070, Eng P 8:181 of 1894 ; OcstA rreich, 
cf. J. Soo. Cliem lii<l. 1898, 17.,.8:lO). 

Arid, sparingly soluble; wdiuin salt leaflets, 
showing Iduc lUioreseeiiei' in solution ; 0ariumnii\t, 
BaA™. (lives brown colouration with feme 
chloride. 

Forms an ozimum-denvative Couples with 1 mol, 
of diazotised bases (Oesterreieh, l.c ) but with 

2 mols. of diazotised p-nltraniline (.Aktlenges., 

1). R.-P. 84461). 

2:6:4 

Reduction of O-nitio-^-naplithvIamine-S- , 
pulplionic(Etiedlaudcr and Lueht, 
Her. 1893, 20, 3033). 

And, sparingly soluble flat prisms. Gives cmerald- 
gn-en eolounition with ferric chloride (Jaedda, 
Aunalen, 1902, 323, 130). 


Constitution,: 


Diaminonaphthalenedisulphonic Acids. 

Preparation. 1 Acids, Salts aiul Reactions. 


N:N:S;S ’ 

^ : 2 : 3 : 6 Reduction of a^vO-ilenvatlves of a-naphthyl* 
i amlnc-3 : G'disulplionlc acid (Witt, l»er. 

I 1888, 21, 3487). 


1: 2 : 3: 8 R(*<ln(d,ioTi of azo-derivatives ot a-naphthvl- 
; amine-3 . S-disnlplioulc acid (Rerntlisen, 
1 Jicr, J8P0, 23. 301)4). 

1: 3 :(5): 7 ’ o-Nnphtliol-3 : .O : 7-trlsnlphonic acid lieat^sd 
> >vitli ainmonia and amnumium chloride 
undi'r prohsure at 1(50''-180° (Kalle, 
J). It.-P. 00000, Eng I*. 9103 of 189*)). 

1:3) 6:8 '< a-Naphthol- or a-naphth>laniine-3.0.8- 
trisulphonic acid heated with ammonia and 
i ammonium clilorkle at 10U‘’-180'" (Kalle, 
' D. R.-P. 90905; Eng. P. 9103 of 1895), 


ilewf, sparingly Soluble; add sodium salt, NaHA, 
needles, (rives emeruld-grcoii colouration with 
feme chloride. 

Decomposed i)y nitrous acid. IXies not couple in 
acid solution ((Jassella, i). R.-P. 72584). 

-4cni salt, NaHA-t-3H20,noedlo9. Anhydride 
(sultum), h^HgO, sparingly soluble 

long needles. 

And. very sparingly soluble needles, Gives 
yellowish-red colouration with ferric chloride, 
and brown with nitrons acid. 

Couples with diazotised bases. 

And, sparingly soluble leaflets. Give? intense 

, green colouration witii ferric chloride and brown 
with nitrous acid. Couples with diazotised bases. 

For rfiaryZ-derivatives, r/. Baver, I). R.-P. 77800, 
78854 ; Eng. P. 10780, 19628 of 1893. 
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Constitution. 

Preparation. 

Aci<h. Salts and Reactions. 

• 

N:N; 8:8 

1 ; 5; 8 :7 

Reduction of 1:6-dinItronaphthalene-3: 7- 
dlsulphonlc acid (Cassclla, D. R.-P. 61174 ; 
Eng. P. 15346 of 1890: Oehler, D. P. 

Ann). 0.1430; Bayer, D. R.-P. 126198). 

Acid, very sparingly soluble leaflets ; sodium and 
barium salts sparingly soluble. 

Forms an insoluble tetrazo-oompomd (cf. Cassella, 
U. R.-P. 62075; Eng. P, 15.346 of IMO). 

Couples with dlazotised bases. 

J:6;4:(8) 

1 :5-Dlnitronaphthalene heated with sodium 
bisulphite solution in a reflux apparatus 
or under priss-sure (FischeSser, 1). R.-P. 
79577 ; Eng. P. 13150 of 1891). 

Acid, readily soluble; acid barium salt, 
BadiAla-t-lOIIaO, moderately sohiblo. Gives a 
reddish-blue colouration with ferric chloride. 
Forms ji tetrazo’coinpotmci, and couples. 

1:6 8:8 

Reduction of 1 : 6-dinltronnphbhaIcuc-3:3- 
dlsulphonlc acid (Frlcdlander aud Kicl- 
baslnski, Ber. 1896, 29, 1932; cf. 2574). 

Acut, sp. .sol.; sodium salt, Na^A, easily soluble 
needles showing violet fluorescence in solution. 
Couples with (liHzotised bases. 

1 ; 6 : 4; 8 

Reduction of 1: 6-dlnitronaphthalcno-4 : 8 - 
dUulphoiilc acid (Ealle, T). R.-P. 72605; 
Erledlfindcr and Kielbasinskl, Bor. 1896, 
29, 1980 ; cj. 2574). 

Acid, sparingly soluble. Gives chorry-red coloura* 
tion with terric chloride. 

Forms a sparingly soluble /’(razo-'-orapound. 

Couples with diazutlsod bases. 

1 ; 8 :( 2 ); 6 

1:8-l>Iamiuonaphthaleno-4-Hulphonic add 
Biilphonated with 8 p c. anhydro-acid at 
80'^(Casseiia, p. R.-P. 72584). 

Acid and sodium salt readily soluble. 

Forms an aztmino-derivatlvc. 

Couples readily with 1 mol., loss readily with 2 mote., 
of dlazotised h;ises. 

1 : 8 : 8:6 

Reduction of i ; 8-dlnltronaphthalone-3 : 6 - 
dwulphonic acid (Cassclla, D. R.-F. 
67062: Eng. F, 1742 of 1891; Bayer, 
D. R.-P. 69190; Eng. P. 11522 of 1892). 

Acul potassium salt, KlI.A-f-SHaO, needles; acid 
hanum salt, Bii(HA)a-*-61Ig(>, sparingly soluble 
needles. Gives reddish-brown colouration with 
fcirlc clilorlde. 

Forms an aztmww-dorlvatlvo (CaH-sella, T). R.-P, 
69963). • 

Couples with dlazot ised buses. 

2 : 8 : 6:8 

2-Aralno-3-naphtho!-6: S-disulphoiilc acid 
hcato<l with 30 p c. ammonia under 
jinissure at ISS^-lOO” (Akbienges , D. R.-P. 
8G448 ; Eng. F. 8645 of 1895). 

Acid, sparingly soluble needles; sodium salt, 
readily soluble. 

2 : 6 :?:? 

2 : 6 -])ihyilroxynaplithalenodlsulphonlc add 
heated with ammonia and ammonium 
chloride under pro.ssure at 200 " (Ja<‘clua, 
Annalen, 1902, 323, 131). 

Acirf, Jr 2 A-|- 41 HaO leaflets. 

2- 7;3: 6 

2 : 7-l)lhvdroxynaplithalone-3 : 6 -disiil 3 )honlc 
acid ticahul with ammonia under pressure 
at 200"-220° (Aktienges., 1). P. Anm. A. 
3686 ; Eng. P. 3844 of 1894). 

Acid, .sparingly, soiium salt, readily soluble. Gives 
faint brown colouration with ferric clilorlde. 
Forms a sparingly soluble fef.r<w:o-compouiid. 

Couplejj with dlazotised bases. 


i : 8-Diamlnonaphthalone-2:4: (7 or 8)-tr!sulphonJc acid, obtained when 1:8-(UnitronaphthaIene is 
heated with sodium bisulphito solution (PIschesser & Co , I). R.-P. T0577; Eng. I\ 13156 of lfiJ)4). The acid sodium 
saltNoaTIA l-2HaO, Is readllv soluble, but the acid barium salt, llaHA t-SIIjO, only sparingly soluble. The 
colouration with ferric chloride Is yellowish-brown. It forms an azimino-derivative, and couples with 1 mol. of a 


diazotiaed base. 

Triaminonaphthalenes. , 

(i.) 1 : 2 : O-Triaminonaphth^lene, ob¬ 
tained by reduction of 1: O-dinitro-^-naph- 
thylamino (r/. Kebrmann and Matia, Ber. 1898, 
31, 2419), forms a triacelyl derivative, needles, 
m.p. 280°, and gives the reactions of an o- 
diamine {Loewe, Ber. 1890, 23, 2544). 

(ii.) 1: 3 : 6-Triaminonaphthalene, ^ob¬ 
tained by heating 1 . b-dihydroxyiiaphthalene- 
3 . 8 ulpbonio acid with aramoma and ammonium 
chloride under pressure at 160°-180°, is easily, 
but its sulphate only sparingly^soluble. Its 
solution is coloured deep brown by nitrous 
acid (Kalle, I). R.-P. 89001; Eng. P. 9103 of 
1896). 

(Ui.) 1: 3: 7-Triaminonaphthalene ob¬ 
tained by heating 1 : 7-dihydroxynaphthalene- 
3-salphonio or 2-amino.6-naphthol-8-8ulphonic 
acid with ammonia and ammonium chloride at 
100°-180°, is easily soluble and in solution gives 
a deep brown colouration with nitrous acid, but 
bluish-violet Vith ferric chloride. The sulphate 
is only sparin^y soluble (Kalle, B. R.-P. 90906; 
Eng. P. 9103 of 1895). 

VoL. IV.—T. 


VI. Hyukoxy- Dumvatives. 

Introductory .—a - Naphthol, )3- naphthol, 
i several of the a-and fl-naphtholsulplionic acids, 
i and the greater numlier of the dihydroxynaph- 
, thalenes, arc obtained on the large scale from 
the appropriate naphthalenc.sulphonic acids by 
fusion with caustic pfilash or soda. An alterna¬ 
tive method, also of wide application, for the 
production of hydroxy-dorivatives is that in 
which naphthylammesuIpJionic acids are usedi 
the exchange of the amino- group for hydroxyl 
being effected by the diazo- reaction, by the 
j bisulphite method, or by water at a high 
j temperature.. 

In general, the hydroxynaphthalones re¬ 
semble the hydroxybenzenes in chemical be- 
! liavionr and properties, and the resemblance is 
complete when, by hydrogenation of the non- 
I substituted ring, ar.- derivatives are formed 
I from them {cf. Bamberger, Annalen, 1890, 267, 
j 10). Nevertheless, in certain directions, ^ffer- 
I ences exist between the two scries, as may be 
! illustrated by reference to the two naphthols. 
' These compounds, and )3-ziaphthol more readily 

2 u 
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than a*na])hthol, are converted into naphthyl* 
aminea when heated with ammonia under 
pre«?ur(^ (Badische, J>. K.-J\ 14(il2; Kng. P. 
2510 of JHSO), into alkyl etherK when heated 
with alcohol and hydi'ocliloric aciil at 150° 
(Lieherniann niul HaKcn, Her. I8H2, 15, 1427), 
and into naphtliyl ethers when boiled M ith dilute 
sulphuric*achi (Graebe, Ber. IHHO, 13, 1850), 
whereas jihenol under similar conditions yields, 
at most, only traces of the conespondinj^ jiro- 
ducts. Similar dilTeri'nces can be n-eojinised 
when the diliy<Iroxyna|ihthaleiiOH arc companal 
with the (lihydioKybeiizeiies. 

if VDROXYNAriiTHAlJCNES. 

OH a-Naphthol occurs ill v<‘ry stiiall 

. . amount in coal tar fnietions ot hiiili 
/b(>ilinj>'-poiut (Schidze, Annaleii. JH85. 

' j 227, I5t)). It was fiist obtained from 
^ ^ a-naplithyhumne hy the diazo- reaefion 
(Griess, Proe. Hoy. Soe 1802, 12, 410), hut on 
the lar^fc .seale jin'jiared by losing S(»dium 
uaj)iithalen('-a-sii!phoiuite watli <;austic soda oi 
]>otasli {rf. Sidiallei, Ariiiahm, iSOP. 152, 2HI ; 
Willson and Meyer, Bei. 1P14, 17, 3152). It is 
also fornu'd by digi'stiiig a-chloronapht.liai<‘ne 
with 10 ji.c. eauslie soda solution at 2H0° 300" 
(Meyer and Bergius. Her. 1014. 47, 3!50) or in 
lietter yield witli caustic soda and metJiyl 
alcohol at 210'^ ((3iem. Werko. Iclicniiort, 
1). H.-l*. 281175). or, fuM- even from traces ot 
)3-na]ihihol, hy lie.iting a-nai>hihylaiiim<“ salts 
with w’atcr under jiri'ssiire. 

/*rrpnmhon.~'\'\\c i)roeesK adoptial in the 
manufaiituie of a-naplit iiol from sodium nii])h- 
thal(!no-a-Hul}iliouHte is iiraeturally identieid 
with that descnlMsI under ^-naiilitliol (i/.r. , (f. 
Levin.stein, Png. I‘. 23tiO of 1883). Alti-rna- 
‘'tively, a-naplitliylaimne hydioehlonde or sul¬ 
phate IS heatcil with 5 tmu's il.s weiglit ot water 
undm' ]iressure at 200^ for 1-4 liours. and the 
])ro(luci distilled to remove small qiiantitu's of 
impurities of high hoding-point (Hoehst, 1>. K.-lh 
74870; Png. P. I43UI of I8‘>2); or a-naphthyl- 
amiiK' is heated with sodium lusu!])iude, plios- 
phone- acid, oi zine chloride and water at 210° 
(llbehst, J). H.-P 75505). 

Proprrlies. —a-NaplithoI crystallises in lus¬ 
tre,us monoclinic flat prisms [rf. St(‘inmety, Z. 
Kryst. Mm. 1010, 55. 375) m.p. 04". b.]). 27H°- 
280° (Schaffer, ic.), sji.gr. 1-221 at 4" (Schroder, 
Her. 1870, 12, 1513), and dissolves readily m 
alcohol, organic solvents, cu- in solutions of 
caustic alktdis, but only very sparingly in hot 
water. Its odour is jihenolic and it vi latilisi-s 
rciulily with steam. 

Reachitm .—It couples w'lth ibayitised bases 
forming para-riso- dyes, but in alcoholic sohitioii 
with bcnzeiiediazonium chloride, is sai<l to give 
a mi.xturc of the urtho- and pnrn- comiiounds, of 
which the former is inHoluhle in 4 p.c. caustic 
soda solution ((.'harrier and Casalo, Atti R. A. 
Sci. Torino, 1014, 40, 477). Hy nitrous and it 
is converted into a mixture of "l-nitroHo- and 4- 
r?t7roso-a-rwp/if/ioM^’- ^ajMliaqurtioneoThnes), the 
formn- as chief product, or, in ethereal solution, 
into 2 : ■i-(hiiitro-a-wtpklhol, which is also the 
product jif nitration. Chlorination with sul- 
jihuryl cldoride converts it into i-chloro-, but 
with chlorine into 2 : i-drchloro^a-tJaphlhoi. By 
8ulj>hojiation a-Ttophihol-mon/*-, di-, and fn- 
sulphonic octds are obtained. 


Oxidation with nitric acid or with perman¬ 
ganate in acid solution furnishcB phlhdic acid, 
hut with permanganate in alkaline solution 
phthdlomc arid is obtained (Henriquee, Ber. 
1888, 21, 1508), and in caustic soda solution 
w'ith cujiric oxide at 250° a mixture of benzoir. 
and phihahe acida (Bindsch., J). R.-P. 138700, 
139055). On reduction with sodium m amyl 
alcohol solution, it yields av.-Utrohydro-a- 
VfipJil/iol as the .sole product. Wlum heated under 
pn-ssurc with ammonia, acetamide or aniline, it 
IS converted resjioctively into a-TtapJilhyhmiTie, 
or its (icdyl oi phniyf derivative. Its dry sodium 
compound,* when ii<‘ated W’ltli caihon dioxide 
under jircssuu', ymlds \ - hydroxy - 'I - naphthoic 
acid 

It IS Converted into a-diiuiphthylcnc oxide. 
when boiled for some tiiiu' in the air, 
W'lK-n distilli'd with litharge, or, mixed with 
najilithalem' and otliet jiioducts, when heated 
in a tube at 350'’-40t)' ((Jraehe, Kni'cht. and 
(hizeifig. Amialen, 1881, 200, 134; Merz and 
Weiih, Ber. IK8I, 14, 105). 

('olovncael.ton-^ —Plem-hing-jiowf lor solution, 
added t<t an aqueous solution of a-naj)hthol, 
gives tirst a d.irk-violi l cohuiial.ion and tlu-n a 
lloceulent precqiitatc of the same colour; but 
ferric chloride jirodiiecs a- milky ojialesceuce, 
which i-ltangcH to a- violet lloceulent jirecipilatc 
of aa'-din(i}dilh(d (Srliaffcr, Ij. T)ianin, Her. 
1873,5,1252; 1874,7, 487). Like/]-naphthol. 
it <lcvelo])s a l’rus.siun-hhie coloination with 
chloroform and caustic jiotash solution, hut-, 
unlike /5-napiilliol, d gives a d<-c]) \ lolet turbid 
liquiil when mixed in iiqiieous solution with 
sodium hvjioiodite (.lorissen, Ann. ('him. anal. 
1002, 7, 217). and an intense gieen colouration, 
ihangmg to leddish-xiolrt on addition (if aectie 
, /leid, wIk'M sliakmi in small amount (0 (H-0-02 g.) 
jwith 2 3 cf titanyl sid])liat«“ solut.mn ^ 

' (I)enig6s, Ann (.'him anal. 1015.21,215). 

- (Vmimereial a-nujihtliol should be 
eolcuTless, have a nieltmg.jamit very nearly that 
of the jiure compound, and leave only a small 
residue on extraction with caustie alkali solu¬ 
tion. 

Rdimalion.—'i^ho pivrak, m ji 180°-100°, 

. which la almost insoluble in water (Marclietti, 
Gaz:. eliini. ital. 1882, 12. 503). ean be cmi>loyed 
' in tlie (jua- titativi* estimation of a-na])htho]. 
'I'he .sanijilc is beati'd with N/20 jMcric acid 
solution in a closed vessel, and the excess of 
fuerie acid afterwards determined by titration 
with N/lO baryta, iaemoifl being the indicator 
: (Ki-stor, Ber. 1804, 27, J 104). 

a-Naphthyl methyl ether [a-methoxip 
7uiphllialrne), formed by heating sodium a-naph- 
! tholale with methyl elilornh* and methyl alcohol 
^ under pressure at. J00° (Bayer, Eng. P. 1108 of 
1870); or l)y*pas.sing methyl chloride through 
sodium a-naphtholate at 280° (Vincent, Bull. 
l8oc. chim. 1883, lii-l 40, 107); or hy leading a 
solution of a-naphthol in methyl alcohol into 
, naplithalene-)S-8ul]>homc acid at I40°-146° 
(Krafft & Roos, D. R.-P. 75574 ; Png. P. 5100 
of 1804); or by heating a-nai)hthylaniino w'itli 

* CrNstidline- .sodium a- or p-imphtholato can be 
: obtained by dissolving the naphtliol (1 pt.) in boiling 
' 7 5 p 0 . euimtic soda solution (4 pLs.) to which, after* 
i waKls, common salt (1 pt.) is added (ltdmg, D. K.-P. 

; 2{(i500). 

1 * l*repared by heating rutUe with concentrated 

' sulphuric acid durli^ some houia near the boiling-point. 
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methyl alcohol and zinc chloride at l80"-2()()° 
(Hantzsch, Ber. 1880, 13, 1347), is conveniently 
prepared by heating a-naphthol (f) pts.) witii 
absolute methyl alcohol (5 pts.) and sulphuric 
acid (2 pts.) at 140''* m a reflux ap})aratu.s pro¬ 
vided with a small mercury column (Gatterniann, 
Annalen, 1888, 244, 72). Jt is an oil with an 
orange-liho odour, b.p. 260'“, sp-gr. l'OU74 at 
and IS volatile with steam. 
a-Na])hthyl etliyl ether, formed by 
methods similar to those desmbed for the 
methyl ether {rf. Schaffer, Annalen, 1800. 152, 
286; Liebermann and Hagen, Her. 1882, 15,1 
1427; (jrattennann, / r.), can he [uepariMl hy ; 
heating a-najihthol (72 g.) witJi 3() ji <• caiislic { 
potash (85 c.c.) and polassium ethyl sulphate I 
(06 g.) for (i hours under jiressure at 150', any I 
unchanged a-na[»hthoI being leinovi'd by 
coujihng with diazotised sulphaiiihc aeid (Witt 
and ScJiiH'ider, Her. JOOl, 34, 3173). It is an 
<ul of [MS’uhar odoiii, m.p. 5 5h.p. 276'’, and i.s 
volatile with steam. 

Ih'actions. - - \aI\v otlii-r a-naplitliyl ethers, it ^ 
cou])]e.s with diaznti.'jed bases eoiitaining /)■ (»i I 
op- negative radieh's. (.<i dia/otised 2 4-dimtii'- ! 
aniline, iormiug ir.o- dves (Mi'ver, Irsehiek and 
Schhisser, Hei. 1014, 47, I75(t). On sulphona- 
tion it yields rfli(>.d/-a-fi<fp}i(hol-4:'.uJphonir ocid, 
from winch by nitiation 2 : {■tlinilm-a-uophIhvU 
i-nUro (i-nttphihiil il/n/l cllut, and 2-/Htr<*-l- 
iih<>riimp}itli<ilc)i('-\:'.iilphnuir m'ld aie hanied 
(Witt and Selineider, lx.). 

a-Naphthyl idienyl etdiei, ni.|). 55j 
5t)'. IS ohtaineil liy heating a solulnm ol sodium [ 
tt-naj)htholat(‘ in a-na|ih1 liol witli i hlorohen/,ene ( 
at 2(K>"’-220' undei pressnie (Frit/sehe, D H -I’. 
2<i0543 ; Frig. H. !>707 of 1013). | 

aa'-l)i iia ph thy I ea i honat e, piejaired j 
by the mteiaeti'iii of phosgene and sodium 
a-naphthol;ite. is ,ieiyst,diin(' powdei, m.]). 120“ 
1.36', convertible into a-iriphthol-A-dilplwntr 
nr.id or a mixtuie <4 a nophthol-A : 6- and 4 • 7- 
di'iidphoHH'. and.-, by siilphonation (He\<‘idin, 
Ber. 1804, 27, 3150; lloehst, 1). H.-l'. 80S8S ; 
80880; Kng. P. 11134, 141.35 of 1804). 

aa'-Hina plithyi sulphite, m.p. 02 -03 ', 
18 obtained by h»*ating a naphthol in earlxm 
disal]thide solution vulh thionyl eliloiide ‘in 
the pio.senee of jiyndine (Hadiselie, 1). K.-P. 
. 303633 ). ' • 


a-Naphthyl aiictate, jireparcd liy heat¬ 
ing a-naphthol with aeelu- acid at 200 ’ ((T#ael>e, 
Annalen, 1881, 200, 151), forni.s broad ms'dles 
or tables, m.|i. 4lF {.Miller, Aiinalcn, 1881, 208, 
248), is hvdrolysed by boding with water 
(Schaffer, givi s [a-]>inphl}><niuinov<' on 

oxidation with (diromie aeid in acetic acid 


solution; and when heated with acotie anhy¬ 
dride and zinc idiloride is cemVerted into tlfe 
TBomcnc 'Z-'icfio-a-MpIdhoI, grceni.sh ciystals, 
m p. 163 ' (Witt and Hraiin, Her. 1014, 47, 3210). 

a-NAi’i{TH(n.suLPHONic Acins^ 

I ntrodioior //.—The genei-al methods em¬ 
ployed in the preparation of a-naplitholsulphomc 
acid.s are : — 

(1) Siilphonation of a-naphllml; 

(2) Kxchaiige of The ammo- group m a- 
iiajihthvlaminesiilphojiie acids tor hydroxyl by 
tin- diazo- ri'aetioii, or by the bisulphite reaelioa 
{r. p. 41(i), or liy inteiaetion witli water at a 
liigli temperature; 

(3) Mxeliange of chlorme in a-ehloronaph- 
tlndeiiesulpiiorm- aeids foi hvdioxyl by fusion 
With eaustle alkali . 

(4) Kxehange of oin* siilphonn- group in 
na|)ht)ialen<‘polysnlplioiiie acids tor hyihoxy) hy 
fusion with eaiislic alkali. 

In addition to tJiese ])io(usses, wlneh are of 
ti'ctinieal importance, oiiieis of more hmited 
application or v.ihn- are known, su<‘h as— 

(a) 'I'he jiarti.d hylrolysisof a-iia|)litliolpoly- 
sulpiionie acids liv nderaetion (uIIkt with (lilute 
acids at a Ingli leinperatuie m w itli sodium 
am.dgani m the cold ; 

{!>} 'I’lie <4iange (</. a-naj)hl.hylamine-4-sul- 
phonte acid) which sodium a-implithol-4-sul- 
[ilionate and 2: 4-disul[i]ioiutt(‘ uiidiugo when 


heated at 17tt' : 
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j The a-naphtholsnlphoiiie aenls and their salts 
I are more soliilile ami less w< ll-defined than the 
I related a-najihtliyiaminesidjihonie denvativcH ; 
tln-y ai« less (‘asy, thi'refore, to recognise in or 
to isolal.e fr<im mixtures eontainnig them. The 
zinc salt, although ea.sdy solnhJe, has hecii used 
for the purpose of identifying inonosiiljihonic 
ai'uls, and qualitatively 3he eomposit-ion of a 
sulphonatioii product can lie {h tennmed largely 
hy means of iiitroiis acid (giving rise to o- or 
p-nitroso-dcnvatives), nitric acid (producing 
naphthol yellows), or diazoti.scvl liases (leading to 
! the formation of o- or p-azo- dyes): reagents 
i which interact with wime isomende.s but not 
! wPh others. 

I Idle course of tlie sulphonatioii of a-naphtlio). 

; as trueed hy the aj>phra.tion of these analytical^ 
methods, is shown in the scheme— 
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from which it will be seem that three of the acids ; sulphuric acid at the highest temperature em- 

owe their formation to partial hydrolysis of the : ployed in these sulphonations. 

trisulphonic acid—effected hy relatively dilute The scheme also shows that acids containing 
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tbe SOaH radicle in the 3-, 6-, or 8* position are 
not formed by the action of sulphuric acid*on 
a-naphthol. Neither are they formed by the 
sulphonation of a-naphtholsulphonic acids pro¬ 
duced in other ways,^ and to obtain them 
recourse must be had to the second general 
method preparation in which a-naphthyl- 
aminesulphonic acids of the desired orientation 
are used. 

As in the case of the corresponding a-naph- 
thylaminesulphonic acids, it is found that 
a-naphtholsulphomc acids wath a sulpiionic 
group in the 3- position give 1 : a-ihaininonaph-' 
thalene derivatives witli ammonia; tliosc con¬ 
taining it in the 8- position give pen- anhydrides 
{sultoncM); and thosoNii uliich it occurs in the 
3-, 4-, or 6- position fiirmsh or/Zm-azo- dyes. 

a-NAPlITHOLMONOSULPm>NIC AoiDS.^ 

(i.) a-NaphthoI-2-SUlphomc acid {Srhaffn'.s 
acid) has not bciui obtained pure by the snl- i 
phonation of a-nuphthol. The (^arljest jiroeess 
for its ))rc])aration, by iieating a-naphtho! with 
twice its weight <*f suliihuric aci<l on a water 
bath until sulphonation is coin])leto (Schaffer, 
Annalen, 152, 2h3; Darnistadter and 

Wichelhaua, Eng. P. 8!» of IKdO), has been shown 
by Eonrad and Eischer (Annalen, lHt)3, 273, 109), 
and by Jhanh'r (Her. 18H‘b 22, 999), to give rise 
to a product containing much 4-niono- and 
2: 4-di-sulphonie acids.® If a-na]>lithol be 
heated only for a sliort time with an equal 
weight of Hiil])huric aiarl at (i0‘'-70", so that sul- 
lihonation is incomplete, the yield is increased 
from 23 p.c. under Schaflei's conditions to 
50 and the product can bo separated as 

t potassium salt by tin; addition of jiotassium 
chloride to the molt diluted slightly w'ltli water 
(Friedlander and Taussig, Ber. IHli?, 30, 1457). 

Pre.pfir(ttion.~-[t can be prepared either from 
a-na])lithol by Friedlander and Taussig’s method 
{I.C.), or from a-nai)hthylaiiitne-2-su!phouc acid 
by the diazo- reaction ((devc, Her. 1891, 24, 
3470); or its sodium salt, in 70- 80 p.c. yield, by 
heating sodium a-na])lithol-4-sulphonate or i 
2 : 4-di8ulphonate, mn.ed with twice its woiglit j 
of naphthalene or paraflin, during 3-4 hours at 
100"-170“ (Ihtyer, J>. K.-P. 237390; Eng. P. 
2355 of 1911). 

* For Qvample, a-naphUiol-S-sulphontc acid on 
sulphonation yields the following products: 
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la which both the 3- and the 5-posltioiia remain un- 
sulpiiouatod. 

* In every case where the couatitutlon of an 
a-naphtholsulphonlc add is given, tlie OH radido is 
Boprosed to be In the position ‘ 1.’ 

* Mixed products also arc formed by tho methods 
employed by Claus and Ochler (licr. 1882, 15, 312; 
cf. Armstrong and Wyiuic, Clieni. Soc. 1‘roc. I8i)0, i 
tt, 80), by Claus and Knyrim (Her 1885, 18, 2924). 
and by Baum (D. P. Anm. B, 4197; Kug. P. 3498 ; 
(prov. spec.) of 1883), in which snlpiiurlc acid, chloro- 
fiulphonfc add, or auhydro-acid is employed, the ; 
inethoils themselves bdng vahidoss (cf. Conrad and 
Fischer, Lc.).. 

* According to Holdemann, mercurous sulphate, ' 

tried as catnlysE has no Influence on the yield liy 
Frledi&nder and Taussig's method, about egual wi^igiits | 
of the 1- and 4-8alphoiuc acids being recognised in the I 
product (Ber. 1900, 39, 1255), ' 


Salts .—^The acid forms small rhombic prisms, 
and differs from its isomerides in being sparingly 
: soluble in dilute mineral acids. The lead salt 
PbAj 4 - 1120 , scales; barium salt BaAjH-l^HgO. 
needles; and calcium salt CaAgd-HgO (?). 
scales, arc sparingly soluble (Clevo, l.c.)\ the 
polamium salt KAH-^HjO, prisms, is soluble in 
37 parts of water at 18“, but almost insoluble in 
saturated potassium chloride solution (Conrad 
and 1^’jscher, lc.). 

Itcaciiom .—Nitrous acid reacts with it in the 
cold, forming i-niiro,so-a-naphlkol-2-sulpho7iic 
acM, wliich docs not give a naphtbol green with 
iron Halts.® With nitric acid it yields 2:4- 
di}}ilro-a-na]>hthol. By sulphonation it fur- 
nj.shcH a-naphlhol-2 : A-dimlphonic acid. 

Its acetyl derivative, obtained by heating the 
potasHiuni salt with acistic anhydride, is con- 
vei’tilile into tlie sulphonyl chloride, m.p. 87*5® 
(Anseliiitz and .’Vlaxim, Annalen, 1918, 415, 92). 

(ii.) a Naphthol-3 sulphonic acid is obtained 
when na|)hthalone-i : 3-ili8\ilphonie acid is fused 
with eaustie alkalis at. 200*^-229° (Budischc, 
I). Jl.-H. 57910; Eng. P. 9537 of 1890); or 
when diazotiHed a-naphthylainine-3'8ulphonio 
acid IS boiled with 10 p.c;. siiljihuric acid (Fnod- 
hinder, Bei. 1895, 28, 1952) or water ((4attcr- 
inann and iSclmlzo, Ber. iH9’7, 30, 54); or when 
iha/.otiHi'd 2-aniino-8 najihthol-ti-sulphonie acid 
IS bialed witli alcohol (Hadisehe, Lc.; Fried- 
lander and TauHRig, Her. 1897, 30, 1458); or 
when a-na}>hthol-3:8-diHnlphonic acid is re¬ 
duced bv Htifliuiii amalgam in tlie e(*ld (Baver, 
1). R.-P. 255724; Eng. P. 28172 of 1911) or 
el(‘ctrolyt.ically (B.ivci, I). R.-P. 248527, 251094; 
Eng P. 28173 of 1911). 

Sidts .—'Die zinc salt ZnA24-^ilJ2^ forms 
I long needles and, like the barium salt, is easily 
1 soluble (Fncdlander and Taussig, l.c.), 

I Uractwvs.— With diazotiscd aniline, o-nitr- 
; aniline and p-nitramlinc, it eouples respectively 
in the ortho-, in the para-, and in both the ortho- 
j and the para- }io8itionH (E’atterinann and 
; Schulze, l.c. ; (jratterinann ainl Liebt^rmann, 
Annalen, 1912, 393, 214). When heated with 
ammonia under iircssuie at IbO^’-JBO®, it is con¬ 
verted into [ :‘.i-diamtn<.uapht}udcne, and with 
aniline and its hydrochloride, at 150”-170°, into 
diphcuyl-i: ‘.i-diomruonapkthalenp. By digestion 
with 00 pJo. caustic soda at 180° it yields o- 
\ toluic acid (Kalle, 1). li.-P. 79028; Eng. P. 
j 1894). 

; (lii.) a-NapbthoI-4-5UlphonlC acid {Nevile and 
I Wintheds acid), found in the sulphonation pro- 
I d«i!t obtained from a-naphthol by Schaffer’s 
I method {v. 2-3ulphonic acid), can bo sejJarated 
from the 2-sulphonic acid either by converting 
' the product into sodium salt, from which it is 
extracted by boiling JM) p.c. alcohol (Verein, 
1). R.-P. 20m2; Eng. P. 2237 of 1883), or by 
; precipitation as zinc salt (Friedlander and 
Taussig, Ber. 1897, 30, 1458). 

Preparation .—From a-naphthylamine-4-8ul- 
phonic acid it can bo prepared by boiling the 
diazo- compound with 10 p.o. sulphuric acid 
(Nevile and Winthor, Chem. Hoc. Trans. 1880, 
37, 032; Dahl, 1). P. Anm. D. 1486; Eng. P. 
2290 of 1883; Erdmann, Annalen, 1888, 247, 
34.1); or by heating the sodium salt with 60 p.o. 

® Tlie production of a naphthof green with iron 
..,1- - .L_ J.-*.—,1. *— p^a-nitroso- 


derivatives. 



NAPHTHALENE. 


caustic soda solution under pressure at 240°- 
260°, and boiling the solution of the product in 
water to expel ammonia (Aktienges., D. R.-P. 
46307); or pure an<l in almost quantitative 
yield by the bisulphite method (Bayer, P. R.-P. 
109102 ; Kng. P. 16807 of 1899 ; v. p. 410). 

It can also bo obtained by digesting a- 
ohlorona2jhthaIeno-4-8ulph(>nic acid with 26 p.c. 
caustic soda solution under pressure at 200°- 
220° (Oehler, D. R.-P. 77446); nr h;^, hcatjng 
a-methoxynai)hthalene-4-Bulphon]c acid with 
60 p.c. caustic soda solution under pressure at 
240° (Dahl, J). R.-P. 88843); or by stirring 
a-naphthyl carbonate into monobydrate at IO°- 
20°, }>ourmg the solution on to ice, salting out 
the (lisulpho-a-naphthyl carbonate, and boiling 
this product with water at 60°-70° (JIdchst, 
P. R.-P. 80889; Eng. P. 14135 of 1894; 
Reverdin, Ber. 1894, 27, 3460). 

Snltn .—The acid and salts are easily soluble. 
The zme salt ZnA„-l-8H_,() forms pnsius ; the 
sodium salt, which can easily be salted out from 
solution, lorms columnar ciystals ({'’riedlander 
and Taussig, l.r.). is soluble in 90 ]i e. alcohol, 
and gives wutli ferric clilondi' a blue or bluish- 
green colouration (Dahl, Lc. ; Erdmann, l.c.). 

iimeiions .—Tlio ortho-«:o- dyes which it fur- 
nislies liy ooujiliug with diazotised bases are of 
much tecbnical importance on account of the 
purity ot their shades. Nitrous acid rcacls with 
it in the cold lorming ‘‘Z-hilro.'>o-a-naplilholA- 
sulphomc acid, which giv«‘S a naphthol green with 
iron salts. Warmed with dilute nitric a(ad 
it is converted into 2 : 4-di/nlro-a’naph(hol (ef. 
Bender, Bcr. 1889, 22, 997); tligestcd with 
ammoiuum suljihite solution and ammoma at 
100°-150° it furnishes a-noplitlu/lannne-i-sul- 
pkome acid ; 8ul])honated, it yields successively 
a-nuphlhol-2 : 4-di.\i(lphovie ueul (Armstrong, 
■pnv. cornm..) and a-najihthoL-'l : 4 : 1-insulpftotne 
acid. Its sodium salt, when heated at UIO'- 
170°, undergoes transformation into sodium 
a-'nap}ii}iol-2-s‘ulpho)ia(e. 

(iv.) a-Naphthol-5suIphonic acid {('leve's 
acid, ; "L-acid) is obtained by boiling diazotised 
a-naplithylamine-5-8ulphoni(; acid with 10 {i.c. \ 
sulphuric acid (Verein, J). R.-P. 26012 ; Eng. P ^ 
2237 of 1883 ; c/. Cleve, Hull. Soe. cluni. ]8i75, : 
[li.] 24, 511 ; Uae^ss, 1). 1'. Aniii. G. 21193; | 
Schollkopf, Eng. P. 15781 of 1885)J* It is also : 
formed when sodium iiaphthalenc-l : 5-disiil-' 
phonate is fused with caustic soda at 160°»190° ; 
the sparingly Bolubie sodium a-naphthol-5- 
sulphonate being isolated by acidifying the i 
aqueous solution of the melt with hydroi‘hl( 4 iic ; 
acid (Ewer & Pick, J). R.-P. 419.34); or when ! 
a-chloronaphthalene-5-8uli)honic acid is heated , 
with 8 p.c. caustic soda solution under pressure i 
at 240°-250° (Oehler, D. R.-P. 77446). | 

Salts .—The aeid forms a sAii-crystallme j 
deliquescent mass (Erdmann, Annalen, 1888, 1 
247, 343); the zinc salt- ZnAj-t-S^HgO, easily ‘ 
soluble long needles (Fricdlander and Taussig, ^ 
Ber. 1897, 30, 1460); the sodmm salt dissolves ! 
readily in warm alcohol, and gives with ferric 
chloride a violet-red colouration (Gaess, l.c.). 

Reactions .—Hiazotised base's couple with it, 
forming ortho-azo- dyes (c/. Gesellsch., D R-P. 
66838; Gattermann and Schulze, Ber. 1^97, 
30, 62), but «f the diazonium salt contains 
negative substituents coupling takes place 
usually in the para- position (Gattermann and 


Liebermann, Annalen, 1912, 393, 211). By 
nitrous acid in the cold, it is converted into 2- 
nitroso-a'inaphthol-^-mlphonic aeid, which crys- 
talliaos well, and gives a naphthol green with 
iron salts (Fnedl&nder and I’anssig, l.e.). On 
sulphonation with 20 p.c. anhydro-acid below 
100°, it gives a-naphthol-'l: B-disulpkonic acid. 
When fused with caustic soda at 220°-2C()° it 
yields I : 5-dihi/drorynaphthalene, but with sod- 
amide in naphthalene su.spension at 230°, 1- 
amino-5'naphlhol. 

(v.) a-Naphthol-6-tul^onlc acid is obtained 
.Tom a-naphthylainme-6-sulphonic acid either 
by the dia/.o- reaction {ef. Erdmann and Siivern, 
Annalen, 1893, 275, 304); or by the bisulphite 
method (Bayer, j). R.-P. J0!)i02; Eng. P. 
16807 of JH99; v. p. 416). It is also formed 
wiien sodium naphthalene-1 :6.diHulphonate is 
fused with eanstie soda {ef. Bucherer, J. pr. 
(iiem. 1904, fii.] VO, 346). Of the properties of 
ihi.s acid little is known. 

(vi.) a-Naphthol-7 sulpbonic acid is probably 
the chief ])roduct wIm'h the mixed barium salt 
from the acids (niuiuly a-naphthol-2 : 7-, and 
4 ; 7-ch8ul])hoiiio, and 2 ; 4 : 7-trisulphonic acids) 
obtained by heating a-naphthol with 4 times 
its weiglit of sulphuric acid at 130° for an hour, 
IS boiled with hydroclilori^ or diluted sulphuric 
aiud (Liebmann and Studer, 1>. Ik Anm. L. 
4327 ; Eng. P. 7812 of 1887). in the pure form 
it can be obtained from a-naphthylamine-7- 
suljihonic acid by the diazo- reaction, or by 
the biMijl[)hite method {ef. Bucherer, .1. pr. 
(iiem. 1904. [ii.| 70, 347); or, from 7-sulpho-l- 
hydroxy-2-na])hthoic acid by heating it with a 
small quantity of water at 120° (Eriedlander and 
'J’aus.sig. Ber. 1897, 30, 146J), 

S(dts. —The acid, a crystalline mass, gives 
with feme clilorido a brownish-violet coloura¬ 
tion and, like the salts, is easily soluble. The 
zme. Halt ZuAjj-j-hHgO forms ruchate groups of 
needles; the harium salt, needles (Friedliinder 
and Taussig, l.c.). 

/dcrirOow.'i.—Coujiled with diazotised p-ni- 
traniline in acetic acid solution it gives rnonoazo- 
and in alkaline solution disazo- dyes sensitive to 
acids (Friedlander and Taussig, l.e. ; ef. Bender, 
Ber. 1889, 22, 990). Nitrous acid reacts with it, 
forming a mfroso-a-nnphthol-l-svlphonic acid, 
which yields 2 : A-dinitro-a-naphthol-l'Svlphonic 
acid when warmed with dilute nitric acid 
(Bender, Lc.). By the bisulphite reaction it 
■furnishes a-napktkylamin^e-'l-sulphonic acid. 

(vii.) a-Naphthol-8-sutphonic acid {S-aeid). 
The product isolated when diazotised a-naphthyl- 
aniine-8-Rulphonic acid is boiled with water or 
dilute sulphuric acid is not a-naphthoi-8-8uW 
phonic acid but naphthasultone, the peri- 
anhydride of this acid (Schultz, Ber. 1887, 20, 
3162 ; Erdmann, Annalen, 1888, 247, 344). The 
acid can be obtained from the sultono by heating 
it with alcoholic ammonia at 130°, adding lead 
acetate^, and decomposing the precipitated lead 
salt with hydrogen sulphide (Erdmann, l.c.); 
or from a-naphthylamine-S-sulphonic acid either 
by heating it with water under pressure at 180°- 
220° (Hochat, 1). R.-P. 74644; Ervg. P. 14301 
of 1892), or by the bisulphite method (c/. 
Bucherer, J. pr. Chem. 1904, [ii.] 70, 347; v. 
p. 416). 

Salts. — ^The acid HA-fHjO is crystalline, 
m.p. 106°-107°, and very soluble. It does not 
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lose its water of crystallisation below 180°, and 
shows little U'ndency to pass into the anhydride 
even in the jlrescnce of dohydruling agents. 
The j)o/a.'<snnn salt KA, scales; the Oasic 
nofJiinri salt Na,A + itH._,0, sinall needles; and 
the af/imvuimn- salt NH^A, scales, are easily 
soluble, and like tlie acid giv<! with ferrio 
chlondd' a dark green colouration, changing 
rapidly to red (Erdmiinn, I c.). 

lintcltoiin. — It e<nipl«-H with dia/.otised buses 
forming nzo- dyi H Wit h nit rons acid a sjiaiingly 
soluble iiitroKo- eoinponyd is obtiiiiied, wbieli 
yields 2 ; 4-tlmiti<j-a-n<ij>/illiol-S-sulj)}io)ii(‘ aryi 
wJien warmed with iniiie aeid. fusion with 
caustH" )K)tash at 220' eonverts it into I : H- 
(Iihj/dro:rt//Ki/>filh/iluu‘, but with s(a!ami(ie in 
naphthalene sus)»enHioji at 2110“ into l-enorfe-8- 
naphi/iol. 

Is u jili thas II11 <)IIe > hist 

desciibed as na))htln)lsnl|)homc aeid S (Scholl- 
kopf. 1). li.-V. 40571 ; Kng. P. 15775 of 1HS5 , 
r. 8-sul|)lioiiic acid), is obtained almost quaiilita- 
tjvcly by boiling diazotised a-na|ili(liylaminc-8- 
sulphonic ai'id with alcohol, water, oi dilute 
suiphuiic acid (Karj»cli‘s, <f. J. Soc. Clicni. Jod. 
1808, 17, K;17). Jt crystallises from alcidiol in 
large prisms, m p l'o4’, distils abo\e ’ with 
only slight <lecomj>osition. aiul is almost in¬ 
soluble III water. 

ll’-m iiiitis — 11 yields salts of a-na})lit-bol-S- 
Bulpliomc add wlien boiled with aquoous 
caustie alkalis oi alcoholic ammonia, Imt docs 
not react with these in the cold (Schnll'/,, Jiei. 
1887, 20, 11152, J^htlmann, Annalen, 1888, 247. i 
345). {Suiphoiiation eonveits it into a-)tajihihol- 
4 ■ S-dtiiulj>/i()Hir a< id. 

a-NAPirnfoimisunPiioNic Aojos. 

(i.) a-Naphthol 2 : 4 disulphonic acid, toimcd 
by the suljihoiiation ot a-iiaphthol oi ol a- 
naplithol-2- (tr 4-sulj)iionic a<‘id at temprratuics 
below lUO'V IS sejiarated Iroiii mono- or di-siil- 
jihonie acid in the product by removing Uk'si* 
either witli nitrous acid as spaiingly soluble 
iiitroBO- comjiounds, nr with diazotised bases us 
insoluble iizo- dyes. U’hen a-najihtliol (5 jits.) 
IS heated with suljdiurie ai id (0 ids ) ioi 2 hours 
at 50'’, the product consists oJ tlie 2:4-disul- 
phoDic aeid mixed with about 5 p.c. (C’oJirad and 
Fischer, Annalen, 1803, 273, 105), or alu*\it 
30 p.c. (FriedlandiT and 'I'aussig, lier. 1807, 30; 
1457), of anaphlhol-2-sulphonK' aeid. 'J'he 
acid is also obtained from a naphthol-2 : 4 : 8- 
trisulphomc acid by leduetion with sodium 
4 .muilgain {Payer, 1). Ji.-P. 255724 ; Kng. P. 
28172 of 1011). 

JdadiJicoti<in.—'\'\u^ po/u.'-.'-iHui salt K^A in 
solution gives with lenic eliloride a dec)> blue 
colouration, but is not preeijatuted by lead 
acetate or barium chloride, and yields neither 
azo- dyes nor a mtroso- compound (Com ad and 
Fischer, l.c.}. 

1 AccordinK to Bender (Her. 1889, 22, 99S), tlie 
product obtuuied by heatinf? a-naplitliol witli 2 1) 
times Its weight of sulphiu'lo acid at 100 -i()5° lor tiirco 
hours, coutalm in addition to the 2; 4>disulpiionlc 
acid about 4.'i p.c. of a second disulphonic ai'id, having 
a sulphonlo group in eacli nucleus, and sorni* trlsul- 
phonic acid. Its composition being estimated from tlie 
results obtained (a) hy nitration, (b) by precipitation 
tidUi diazotised xvhdiiic. 


I Headions .—By nitric acid it is converted into 
i 2 : ‘i-dinitro-a-n<iphtliol. On sulpbunation with 
I anhydro-acid, it yields a-nnphikol-2 : 4 ; l-tri’ 

: .mlphonir and. Wiien the potassium salt is 
healed at I7(>“-180° (Conrad and Fischer, l.c. Ill), 
or the siKliiim salt, suspended in naphthalene, 
at I50“-Ib0“ the ^deduct is the a-naphihoi- 
'2.:s(iljdi(>iuitr. 

( 11 .) a-Naphthol-2 : 5-disulphonic acid is pre- 
jiaieil hy heating a-naphtliu!-5-Bul}ilionic acid 
with Milpluiiic acid or with 20 ji.c. anhydro-acid 
below 100 (ibiyer, I). Jl.-P. 08344; Kng. 1*. 
335*7 ol 185*0). I'bc sodium salt which crystal¬ 
lises in ])risins, ncitlii'r forms a mtro.so- dcnvativ<‘ 
with nitiuus acid (Bayer, l.( ) nor (M)U]»les with 
(iiazotised liases (Cattcimann and iSchnlzo, Bcr. 
181)7, 30, 55). 

}{(a<livi\.~V>y (ligc.stion with 00 |>.c. caustic 
soda solution at 250 ' it gives 1 : K)-diliydroxy- 
iMphIhali u< -'l-mJphoiiii' acid. 

(111.) a Naphlhol -2 : 7 disulphonic acid occurs 
among the ]»rodnct.s iormed when a-najihtliol is 
heated with snljiliurn- acul at, tem^ieratuies 
above 100 ' lor scvcial houis, ami is ])robably the 
clrnd constil iK'iil ot l,lic mixture ol acids obtained 
by siiljilionatmg a-iiaj»btbol with 2-3 times its 
weight of 'aliout 03 p.c.’ suliilmnc acid 

05 -00'Be,’) at 125" 130" for about 2 houis 
(l.<‘onbar(U, Kiig. P. 11318 of 1887: <J. Fricd- 
luridcr ami 'I’an^.^ig, Bei. 185)7, 30, 1403)." A 
mctliod loi isolating tlu’ constituents of the 
mixlnie has not lucn (lcscri))(‘d. It can also 
be obt.iincd iiom a iiaplitliylaniiiie 2 • T-uisul- 
Xiboiiir acid by the diazo- reaction (a/ Beverdm 
and dc la Ifaipc, Bci 185)2, 25, 1405), or from 
a-naplit hol 2.4 ; 7-liisuljihomc acid hy inter¬ 
action with sodium amalgam (Fru'dlamler and 
Lucht, Bci. 18513, 20. 3031 ). 

JdnitiJiratKDi,. • Little ns known of the j>ro- 
pertic.s of the ]nire acid Jt forms a soluble 
zi'/u salt ZiiA (Fricdlandci ami Lncht, l.c.); 
paia-o.;o- dyes by I'oupling w it li diazotised bases ; 
and a mhoso- deiivativc wlmli does not give a 
naplitliol gieeii with mm salts (Friedlandcr and 
Taussig, l.c ). 

(IV.) a-Naphthol-3. 5 disulphonic acid, as an 

intermech<ite m the jiroduction of 1 : ‘i-diaymuo- 
m^phihalnu'-^-snlphonK acid, has Ix'cn obtained 
by, iicating sodium najihthalene-l ; 3 : 5-trisul- 
jilionatc w^th caustic soda at 140°-150“, but not 
described (Kallc, D. li.-P. 04075). 

I ® f'caniig in nilml the conclusions readied by 
Bciuler (Her. 1889, 22, 5)!I8; cf. Akticngos , I). B.*l\ 
4;)77(), Lug. P •0')2r) of 188H), and liy Friediander 
luul Taussig (/ c ), It is piobabie tliat Llic Patents deullng 
wiV.li tlie jiroloiigeii siiliiiionatiou of <«-naphthol may be 
into two groujis — 

(e) Tliose in winch anliydro-aenl or a relatively 
large ])ro]iorlioii ol .siilpiiiirK; aejil is used at 100"’, or 
at temiieraturcs lielow lOO", leading mainly m the 
1 jiroduetion ot a-iiai)litluil-2 4-di- and 2 : 4 : 7-trl- 
j stilidionic aeicK {cf Seltzer, J). It.-P. 207H); Durand 
' and liuguenm, Eng P. 2.')9I (prov. spec.) of 1883; 
Vignon <V Co , Eng. P. 9808 (prov. spec ) of 1884). 

ib) Tiiose in wldeli a relatively small proportion 
ot suiphnno acid at 100'’-1W is used leading to the 
prodoctiou of <t-naplitiioI-2 : 7-dlsulphoiilc acid mixed 
witli varying proportions of the 4 : 7-di-, and 2:4:7- 
Iri-suljilionic acids (c/ Jiadisclie, l>. R.-P. 10785 : 
Kng. P. 530.'> ol 1879. laivmstcin, Kng. P. 5092 oi 
1882; Vignon, 1). R.-P. 3229J ; Eng. P. 0872 of 
j 1884; Leonliardt, Eng. P. 11318 of 1887 ; Road, 
Hoiiidav and Sons, Eng. P. 5103 of 1801). 

'3 According to Oehler (I). R.-P. 74744), one of tho 
i «-nftphtholdisulphonlc acids obtainable from a-chloro- 
‘ naphlhalenedisulphomc adds may have tlUs constitu¬ 
tion {cf. p. 420, footnote). 
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(v.) a-Naphthol-3: fi-dlsulphonic acid, ob- 
tained when soduini naphthalcno-1: 3 ; 
flulj)horuitc iy heate<l with /K) ji.o. oaiistif; soda 
soJiition at ((»iirko and Rudolph, 

D. R.-P. 38281 ; Eng. I‘. I57I0of 1885), can bt* 
prepared from a-najjhthylatnirie-3: (i-disulphonic 
acid either bv tlie diazo- roaetion (Freund, 
D. H.-P. 2734(5 ; Eiig. 1*. Hm<) of 1883),’ or by 
heating its acid sodium salt with water under 
pressuie at 180^' (t'assella, 1). P. Anin. ('. 4375), ; 
ur from a-rmphtliol-3 : b : S-tn.suljtlionie aexl by 
reduction with .sodium amalgam in fix' i‘oki 
(Bayer, J). R..p. 255721; Eng. P. 28172 of 
1311). 

Idcnhftcaiion. —Tlx* ncul hanutn salt 
RalLA^ IS sparingly soluble; (lx* i/rn/ HO(i\inn 
salt NallA dissolves readily in water or .ilcohol 
and gives with feme chloride a blue eoloiiia- 
tion (PriedhiiKler and Taiis.sjg, Per. 1837, 33, 
1482). 

Rtaclunifi .—-It couplea with iliazoti.sed bii.scH 
furnishing ortho-« 2 o- dyes. When heated witJi 
aminorua at I <50", it is conveitetl into 2-nxi<ao-4- 
n<tph0njl-1--suliiliomc ocid niixeil with 1:3- 
diamDumaphllialrtii (k id or with 

aniline at 1(50"' into 1 he dijdn ui/l dei ivativi* ol the 
latter. 

(vi.) a-Naphthol 3 : 7-disulphonic acid (an be 
prepared from a-nap!ithyl.iinme-3 : 7-di.su!pbonie J 
acid, <*itlier by tlie diazo- reaction (t'leiind, I 
J). H.-P. 2734(5. Eng. I». lOOO of 1883),^ oi by | 
heating its ueid .sodium .salt with wati'i* undei i 
pre.s.surc at ISO ' ((’a.ssella, D. P. Anm. C. 50(53); • 
or from a-naii!itliol-3 : 5 . T-trisuIphonie acul by I 
boiling with zaie-dust and dilute eaustic soda 
solution (Kaile, !). R,-P. 23.3334). 

ReoctiouK.—Oi its projicrtx'S or salts little 
is known, but it coujiies with diazotised bases 
(I'Veund, l.r.). When h(*at('d with ammonia 
at 1(>0‘\ it yiolds 'l-ainino-i-iidphlhol b-.sw^/i/mxx 
acid mixi'd witli I : W-dmmiluiiuiphlhalnn'-1 ■ 
8idpho)nc add or with uniiine at ItiO'^’ the diphonjl ' 
derivative of the latter. ! 

(vii.) a Naphthol-3 : 8-dlsulphonic acid (a- 1 
naphlhol-[i-\di-''ulpho7nc acid) is prepared Irom j 
a-naphthylai:iirie-3 : 8-disuljtlionie acid either i 
by heating its acid sodium salt with w'^aler iin<h*r 
jiressure at 180“ (Hoclist, 1). R-P. 714^)4; I 
Eng. P. 14301 of 1832), or by boiling a soliltion | 
of its diazo- (X)mpound with dilftte ((5 p.o.) j 

sulphuric acid ® (Aktienges., H. R.-l\ 45771); i 
Eng. P. 4(525 of 1888; Bonitli.sen, Per* 1883, I 
22, 3330). t 

Idcntijicalion .—The .sodia/a salt Na^A+OHjO 
forms long prisms soluble in about 5'5 parti of 
cold water, gives v ith ferric chloride a dee]) blue 
colouration, and yields, not a najihthol yellow, 
but oxidation products with nitric acid 
(Aktienges., l.c.; Rernthsen, l.c.). 

Reactionf .—It con]>le8 with diftzotisixl bases 
forming ortho-azo- dyes. By digestion with ; 
60 p.c. caustie soda solution.at J70“-210“ it i 
forms 1:8- dihi/droxiynaphthalene - 3 - tndphomc j 
acid. On reduction with soduim amalgam it j 
yields a-naphihol-Z-sulphonic acid. When ! 

* In this Patent the product is considered to bo a 
S-naphtholdisulphonio acid solidy on account of tlie 
fastness to acids shown by the derived azo- dyes, now 
known to be orfAo-azo- dyes of the a-series (Cossella, i.c.). 

* If the boUiig be stopped directly nitrogen ceases 
to be evolved, tlie solution will contain tlio veri- 
anhydride (sultoue), wliich by continued boiling 
furnishes the iiaplitholdisulphonic acid (Bemthsen, l.c.). 


heated with ammonia at 160°-180“ it is converted 
■ into 1 : ii‘diamirtotuipk(halene-^'-stdpho7nc acid 
or with aniline and aniline hydrochloixh* at 
150“-170“ into tho diphenyl deiivative of this 
aeid. 

Naj))ithas 111 tone - 3 - sulplionic acid 
{naphlhaddfoni’.sulphouir aetd-e ; [^-J^ap/dholdi- 
8ulphonicacid), obtained from thc3.8-disulphomc 
acid by doiiydi’ation with sul[)huric acid at 100“, 
or ]ihos]ihoric oxide or ])lxwpliorus jientiichlondo 
(Badische, 1). Ri.-P. 55034), forms readily .soluble 
silk}' ix'edle.s ; tho hArium salt .sjianngly soluble 
long needles ; the Nodnim salt NaA-4-311^0 long 
needles soluble in about 33 jtarts of cold water. 
It gives no eolouration with terne cblonde, and 
IS leadily ecnvertible into a-noph(hol-'i. S- 
duadphonii add by mineral aexis or by alkalis 
(1‘Aver and J’ick, I). R.-J\ 52724 ; liadischc,/.c. ; 
Berntlisen, l.c ). 

a - N a p li t Ji o I-8-.S ii Ijili onam ide-3-sul j)h- 
onic acid (le-| or \ ^-\'"’pfdholddphaitudc(adph- 
omc and). Oil ('jQlljlfStE'NHji'SOall, prepared 
by action of ammonia on the suHono, forms 
needles, and like the (/aiiiiin salt BaA^-fblEO, 
and .'nidiiim salt NaA-f 11^0, ncodk^s, is modcr- 
atelv solubU*; the sodiam ammovinm salt 
NuiNHjA-hllA) (311,0 ni I). H-P. 5:1334) 
forms very soluble small f)risms. When boded 
witii dilute aeids it regeneiateH a-vaphlhol- 
3 . i^-disidphonic ai id ( Badiselie, I). H.-J*. 53334 ; 
Bi'inthsen, l.c.). With diazotised bases it 
<-ou]iles loiming ortho-r/co- dy<‘s. w'hicli when 
bod(*d for a ahnit time with alkali iiydroxides 
or eai bonatcs are converted into pcri-aidiydi ides 

^SO* ‘''^brnr changing 

from "bliiisli-rcd to yellow (Bernthsen, Jlor. 1833, 
23, :}334). , 

(viii.) a-NaphthoI-4 : (5-disuiphonic acid can 
1 m‘ j>n‘par(‘d fiom a-naj)hthylamiiu‘-4 : (5-disijl- 
phoiuc acid ('itlicr by tlie diazo- icacfion (J)u1j 1, 
I). K.-J’. 41357) OI by the bisulphite method 
(Buclxirei, .1. pr. Cheni. 1334, |n.| 73, 347; 
V. J). 413); or by .sul]>hona(ing aa^-dinaphthyl 
oaibonate with 5 times its wciglit ol 20 p.c. 
anhydio-ucid at 13''-23‘’, heating the result¬ 
ing tetrasulj>ho-aa -dinc^ihthyl carbonates with 
cblutc acid at (53“ -73“ to eliminate carbon dioxide 
and sejiarating tholes.s soluble 4: 7-di.suIphonic 
acid by salting out fiom the more soluble 4 : 6- 
isomcnde (llocbsl, 1). R.-P. 80888; Eng. P. 
14134 of 1834). 

Rcaclio'im .—Jt yi(‘lds azo- dyes when coupled 
with diazotised ba.ses, and a naphlkolyclluiv when 
boiled with nitric acid (J)ahl, l.c.). 

(IX.) a-Naphthol-4 ; 7-disuIphonfc acid occurs 
m varying amounts in the products obtained W 
the suljihonation of a-naphtliol under conditions 
which lead also to the formation of the 2:7- 
di8id}ihonic aexl {(pr. ; cf. Friedlander and 
3'aussig, Jier. 1837, :13, 14(53). It can be pre* 
pared from a-naphthylamine-4 : 7-di8ulphonic 
acid cither by the; diazo- reaction (Daid, I). R.*P. 
41357), or by the bisuliihite method (Bucherer, 
J. ])r. ('hem. 1304, [ii.] 73, 347 ; v. p. 416); or 
from a-chloronaphtbalene-4: 7-di8uij)honic acid 
by digestion with 33 ii.c. caustic soda solution 
at 2(J3"-2!3° (Odder, 1). K.-P, 74744); or by 
eliminating carbon dioxide either from the 
tetrasulphonation product from aa'-dinaphthyl 
carbonate (ix 4 : b-disulphomc acid ; Hochst, 
i). R.-P. 80888 ; Eng, P 14134 of 1834), or from 
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2 - carboxy -a • naphthol -4:7- disulpkonic acid 
(Friodlander and^ Taussig, l.c., 1460; cf. Soidler, 
D. R.-P. 66328) by boiling with dilute acid. 

IdeiUification .—The hariurn salt RaA-f-4HgO 
and sodium salt Na2A-j-41LO are' crystalline. 
The sodium salt in solution gives with ferric 
chloride o^bluo colouration (Oehler, l.c.). 

Reactions. —Ortho-o:®- dyes are obtained by 
coupling it with diazotised bases. Nitrous acid 
reacts with it forming a very soluble niiroso- 
oompound. Nitric acid converts it, and also the 
nitroso- compound, into 2 ti-diniiro-a-'nufhihol- 
T'Sulphonic acid. By the bisulphite method,' 
a-naphthylaTnine-i : 7-disulphonic acid is ob¬ 
tained. When boiled with 65 ]i.c. sulphuric acid 
or with hydrochloric acid it yields a-iuiphthol-l • 
sulphonic acid. 

(x.) a-NaphthoI-4 : 8-dlsuIphonic acid (a- 

napkOtoldimlphomc acid S; a-nap/it/wl-[h-]di- 
sulphonic acid), obtained when naplitliaHulionc 
(so-callcd a-iiaiihtholsul})honic acid S of I). R.-P. 
40571) is heated with sulphuric acid at 
until soluble in water (Sehollkopf, 1). R.-P. 
40571; Eng. P. 15775 of 1885; Hernthsen, 
Ber. 1890, 23, 3090), is also formed from a- 
naphthylamine-4 : 8-di8ul})homc acid citlicr by 
boiling a solution of its diazo- coni]K)und with 
dilute (6 p.c.) sulpbifnc acid (»Sehollkopf, l.c .; 
cf. Paul, Z. angew. (Iheni. 1896, 9, 56J), oi by tlii^ 
bisulphites method (Bucherer, J. pr. Cbem. 1904, 
[ik] 09, 80; f. p. 416), 

Idcnlijication .—The haritim salt is sparingly 
soluble ; the sodium salt NajA + HoO forms very 
soluble scales (Aktienges., J). R.-P. 45770; 
Eng. P. 4626 of 1888) and with ferricr chloride 
gives a deep blue colouration (Bernthson, l.c.). 

Reactions .—It couples with diazoti.scd bases 
^forming ortho-azo- dyes. Nitrous acid reacts 
with it forming the 2-nitro-‘<o- denvative (Dressel 
and Kotho, Bcr. 1894, 27, 2145). Nitric acid 
converts it, and also nitroso- derivative, into 
2 : 4:-dinitro-a’7iapJUhol-i^-sulphomc acid. ]ty the 
bisulphite reaction it yields a-iuiphthyk^mine' 
4 : H-disulphonic acid. On dehydration it gives 
napklhasultoi\cA-suij)honic acid, but when sul- 
phonated with 25 p.c. anhydro-acid below i0(k’, 
a-naphthol-2 : 4 : S-trisutp/umic acid is the pro¬ 
duct. Fusion with caustic soda at 250*^ converts 
it into 1 ; 8 - dthydroxynophlhahnc - 4 • sulphonic 
acid. 

Naphtha8ultoiic-4-sulphonic acid 
[naphthnsultoncMilphonic acid-h), obtained from 
the 4: S-disulphoriic acid by dehydration with 
6 p.c. anhydro-acid in the cold, forms an easily 
soluble barium salt. The sodium salt (4-3ri./)), 
in moderately soluble scales, is converted readily 
Hito the a-naphtholA : H-disulphonaie by alkalis 
or alkali carbonates in the cold, or int(« the add 
by boiling with 5 p.c. sulphune acid, or prolonged 
boiling with water. It gives neither a coloura¬ 
tion with ferric chloride nor azo- dyes with 
diazotised bases (Bernthsen, l.c.; Badischc, 
D. R.-P. 67388). 

a*N aphtho 1-8-8 ulphonamide-4-sulph¬ 
onic acid ([8-]acid) is precipitated by hydro¬ 
chloric acid from a solution of the sultonesul- 
phonate in ammonia as the crystalline sodium 
salt 0 H-Cu,H.(S 02 NH 2 )‘S() 3 Na+ 2 H 20 which 
separates in rhomb-like scales and regenerates 
the Bulione or a-naphtholA : S-disulphonic acid 
when boiled with dilute acids {Badischo, D. R.-P. 
67866; Bernthsen, kc.). It couples with diazo¬ 


tised bases forming ortho-azo- dyes which closely 
resemble those obtained from the S-sulphon- 
amide-3-8ulphonic acid {cL Badische, D. R.-P. 
60777, 64065; Geigy, D. R.-P. 139287). 

(xi.) a-Naphthoi-5:7-dlsulpbonIc acid has 
not been desen bed, but is mentioned in connexion 
with the biHulphito reaction as producible from 
and convertible into a-naphikylamine-^il-dt- 
sulphonic acid {Badische, 1). R.-P, 115335, 
117471 ; Eng. P. 1387 of 1900). 

(xn.) a-Naphthol-5; 8-dlsulphonic aold, which 
18 obtained from a-naphthylaminc-6: S-disul- 
phonic acid by the diazo- reaction, the sultone 
iirst formed being converted by alkali into the 
naphtholdisulphonie acid (Bayer, 1). R. -P. 70857), 
regenerates the amino- acid by the bisulphite 
reaction (Badische, 11. R.-P. 117471: Eng.-P. 
1387 of 1900). 

N apb th as u ] Io ne-5-su 1 ]>b oni c acid 
forms a sodium salt NaAH-IH^fi in moderately 
soluble needle.s(Gattermann, Bor. 1899,32,1158), 
and, like the disuljihonic acid, when digested 
with 40 p.c. caustic soda, solution under pressure 
at ]70‘’-200'' yields 1 : S-dihydroxynaphthakne- 
4-sulplionic acid (Bayer, 1). R.-P. 80667; Eng. J*. 
1227 of 1894). 

(xiii.) a-NaphthoI-(>: 8-dlsulphonic acid has 
been prepared from a-na]ihtliylamine-6 : S-disiil- 
phome acid either by the diazo- reaction, the 
sultone first formed being converted into the 
uapliiboldisuiidionic acid by alkali (Bayer, 
1). R.-P. 75084) or by the bisuljihite reaction 
(Bucherer, .1. ]>r. Chem. 1904, [n.] 70, 347). It 
IS also formed wlien a-n;iphtbylaniine-4 ; 6 : 8- 
tnsulpbonio acid (Kallc, J). R.-ik 82563), or 
a-naphthol-4 ; 6 ; 8-tri8ul])honio acid (Kalle, I). 
P. Arun. K. J 1.397) is heated with dilute (3 p.c.) 
acid at 180'-200“. The add sodium, salt forms 
easily soluble short lU'cdlcs, and with ferric 
chloride gives a fleeting green cidouration. 

Reactions. —It coii])les with diazotised bases 
forming azo- dyes. With nitrous acid, it yields 
a nitroso- derivative which is not convertible 
int(i a naphtliol yellow by nitric acid (Kalle, kc.). 
By tlie bisulphite midliod it is converted into 
a-ruiphthylamine-i): S-disulphonic add. When 
i digested with 50 p.c. caustic soda solution at 
176*'-210“, it gives 1; S-dihydroxynaphthalcne-'i‘ 
sulphonic acid. 

The coiT^spon ding n a ] > h t h a s ii 11 o n e-6-B u 1- 
phonicand a-naphthol-8-suJphonamide-6- 
sulphr^nic acids have not bccnfully character- 
‘ieed (Bayer, l.c.). 

a-NAPHTHOLTRQT7LrHON10 AciDS. 

(i.) a Naphthol-2: 4:7-trisulphonlc acid is the 
chief product of the sulphonation of o-naphthol 
either with 25 p.c. anhydro- acid at 1(K)®>-110” 
or M’lth 45 <).c. anhydro- acid at 40°-60'“ 
(Badische, T). R.-P, 10786; Eng. P. 6306 of 
1879),* and can bo isolated by means of the 
characteristic bol’rium salt (Friedlander and 
Taussig, Ber. 1897, 30, 1463). It is also ob¬ 
tained when diazotised a-naphtliylamme-2:4:7- 
trisulphonic acid is boiled with acidified water 
{cf. Hdehst, B. R.-P. 22645; Eng. P. 2178 of 

* The acid formed by heating a-naphthol with 
three times Its weight of sulphuric acid at H0"-H6* 
for Uvelve to fifteen liours (Badische, l.c.), and serving 
as a source of naphthol yellow S (vf 2:4-dtQitro-a- 
naphthol-7-5ulphomc acid), would probably contain a 
large proportion of the 2:7- and 4:7-dUuIphouic 
acids icf. p. 470, footnote 2). 



NAPHTHALENE. 


1882), or when a‘Ohloronaphthalene-2:4: 7*tri* 
sulphonio acid is heated with 12 p.c. caustic soda 
solution under pressure at 150° (Oohicr, D. R.-P. 
77996). 

Identification ,—The Jamj^saltBagAg-f-SHaO 
in glistening minute crystals, is almost ins(jlui)lo 
when once separated from water; the other j 
salts are easily soluble (Friedlander and Taussig, 
lx.). The 8(^ium salt gives a blue colouration 
with ferric chloride, but yields neither azo- dyes 
nor a nitroso- compound. 

Beaciiona .—Nitric acid converts it into 

2 : 4:-dmilro-a‘rMphtkol‘'l‘Sulphotm acid. On i 
fusion with caustic alkali, it yields 1 il-dihy- \ 
droxynaphthnlniedisuiphonic acid. By desul- i 
phoiiation with sodium amalgam in the cold i 
it gives a-naphihol-'lil-dimi-phonic acid, but 
when heated with hydrochloric acid or 66 p.c. 
sulphuric acid, a-naphthol-l-mlphonk acid is the 
product. 

(ii.) a-Naphthol-2: 4:8'trisulphonic acid has 
been ])rcpared by sulphonating a-naplithol- 
4 ; B-disuljihonic acid or its snltone with 25 J^.(^ ; 
anhydro- ucid below 100° (Bayer, 0. J\ Anni. F. 
4.569 ; Eng. P. ,1397 of 1890 ; bn-ssi*! and Kotbc, 
Ber. IS94, 27, 2143). 

Identification —The wditnn salt (-!-infjO) 
is a readily soluble crystalline powder, shows 
gr<‘('n tluorescence m solution, givas w’ith ferric 
chloride a blue colouration, and iloes not couple 
with diazotisiul bases (Dri'sse! and Kothe, l.c.). 

Jltaclwm .—WTlli nitro-suljihunc acid at 20° 
it gives 2 : A.-dinitro-a-nap}ithol-i^’ml'phonic acid. 
On desulphonation with soiiium amalgam in the 
cold, it yield.s a~iaipfitlial-2: 4-diml'phonic acid. 
By fusion with caustic soda at 210° it i.s converted 
into 1: H-dihi/drox(j'fMphthalcnr-2: d.-dibulphonic 
acid. 

(iii.) a-Naphthol-3: 5: 7-trisuIphonic acid can 
bo obtained either from naphthalene*] : 3 : 6 : 7- 
tetrasul]>boiiic acid by digestion with 15 p.c. 
caustic soda .solution under pressure at 180° 
{Bayor, B. R.-P. 79054 ; Eng. P. 2.5074 of 1893), 
or from a-naphthylamine*3 : 5 : 7-trisulphonic 
acid by the diazo- reaction (Kalle, 1). P. Anm. K. 
127.32). 

licactionn .—In neutral or alkaline solution it 
combines with tetrazo- derivatives of •the 
diphenyl series forming mlts (Bayer, 1). R.-P. 
92169; Eng. P. 899.5of 1895). lhalPd with zinc- 
dust and dilute caustic soda solution, it gives 
a-naphihol-'S : lahmlphomc add. Whei^ihcated 
with ammonia at 160°-180° it is converted into* 
1 : '6-diaminonaphth.alr.ne-5 ; 1 -dimlphonic acid. 
By digestion with 50 p.c. caustic soda solution 
at 150°-100°, it yields J . 5‘dihydroxynaphlhalvnc- 

3 : l-duulphonk acid but with 60 p.c. solution 
at 200°, a mixture of this acid with 1 : 6-d-i- 
hydroxynaphihalene-5 :1-disulphonic acid, 

(iv.) a-Naphthol-S: (>: B trisul|)honic acid is 
formed from a-naphthylamine*3 : 6 : 8-trisul- 
phonio acid either by the diazo- reaction, the 
euitone being an intermediato product {Koch, 
B. R.-P. 560.58; Eng. P. 9258 of 1890), or by 
heating it with water under pressure at 180°- 
250°(Hochst, B. R.-P. 71495; Eng. P. 14301 of 
1892). 

Reactions .—Tt couples with diazotised bases 
forming azo- dyes. On desulphonation by so¬ 
dium amalgaSn in the cold, it gives a'napldhol- 
3 : ^-dimlpnonie acid. When heated with am¬ 
monia at 160°-180° it is converted into 1:3- 
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diaminonaphthahne-Q: ^-disulphonic acid or with 
aniline at 150°-170° into the dip^ienyl derivative 
of this acid. By digestion with 60 p.c. caustic 
soda solution at 170°-220° it yields 1: H-dihy- 
droxyvuphthalene-6 ; Ij-disiilphonic acid (chromo- 
trope acid). 

Its sultone gives yellow solut^ms with 
alkalis. T)is8olved m ammonia, the sodium 
sultonesulphonate when mixed with hydrochloric 
acid yields sodium a-naphlhol-S-sulphon. 
am id0-3:6-di su 1 phon a te (Koch, l.c. ; Hochst, 
D. H.-lk 69518), which coujdes with diazotised 
buses forming azo- ilyos. 

(v.) a-Naphthol-4 : 6 : H-trlsuIphonlc acid has 
been obtained from a-na]>htbylamine*4 : 6 : 8- 
triaulphonic acid either by the diazo- reaction, 
the Hultone formed being dissolved in alkali 
(Bayer, B. P. Aiim. F. 7006; cf. B. R.-P. 
80741; Eng. P. I/Mlc of 181K3), or liy the 
bisul])hite metho(^ (Buchercr, J. pr. Chem. 1904, 
[ii.] 70, 347 ; v. p. 416). 

Reactions. —By hydrolysis with 3 p.c. hydro¬ 
chloric acid at 160°--200“, it yields a-naphthol- 
:>i-disHlphoinc utul. Bigostion with 70 p.c. 
caustic soda solution at 170°-i00° converts it 
into 1 : H-dihydroxynaphthalnu-'6 : 5-disulphovic 
acid. 

Its sultone is easilysftiuble,forming colour¬ 
less non-fluorcseent solutions which with alkalis 
boeoine deeii yellow; the corresponding a- 
iiaphthoI-8-Hiilphon a mid e-4 : O-disul- 
phonic acid couples with diazotised bases 
giving ortho*« 2 o- dyes. 

ClILORO-a-NAlMITlIOLS. 

1 ntroduclory. —By chlorination o-naphthol 
gives rise only to homoniicleal derivatives. When, 
the operation is earned out by jiaasing eJilurine 
into a cooled acetic acid solution of the naphthol, 
substitution (aanirs with the production of 2 : 4- 
dicMoro-a-naphthol (Cleve, Ber. 1H88, 21, 891), 
follow#d by the formation of the additive com¬ 
pounds tricMoro-a-kdo- and pcntachloro-a-keto- 
miphlhalene (Zinckc and Kegel, Ber. 1888, 21, • 
10.30). 

4-Chloro-a*naphthol •can be obtained by 
chlorinating either a-naphthyl carbonate 
(Heverdiii and KaufTmann, Ber. 1895, 28, 
3051), or a*naphthyl tolucnc-p-sulphonate in 
carbon tetrachloride solution (Aktienges., B. R.-P. 
240038). It can also bo prepared from a-naph- 
thol by employing sulphuryl chloride as the 
chlorinating agent {Kast, Ber. 1911, 44, 1337; 
Hochst, 1). P. Anin. F. 29600); but when the 
naphthol, dissolved in alkali, is chlorinated by 
hypochlorous acid (Kalle, B. R.-P. 167458) tite 
product is not pure {cf. King, Ohem. Soc. Proc. 
J911, 27, 266). It sublimes in long noodles, 
m.p. 117°-118°, dissolves readily in alcohol or 
bonzeme, gives a blue precipitate with ferric 
chloride and eouples with diazotised bases. 

Chloro-a-naphtbolsulphonic acids.— 
Four, namely, the 6- and 1-chloro-a-napklhol-Z- 
sulphonic acids, the i)-chloro-a-napkihol-6 :6- and 
the S-chloro-a-naphlhol-6 : iy-disulphonic acids, 
formed from the corresponding aminonaphthol- 
mono- and di-sulphonic acids % the Sandmeyer 
reaction, have been used for coupling with 
diazotised dehydrotbiotoluidine in the produc- 
I tion of orlho-uzo- dyes (Bayer, B. R.-P. 96768; 

1 Eng. P. 9441 of 1894). 






a-NAPHTHOL. 


8-Chloro - a' naphthol -3:6- dlsulphonic acid, i 

obtai/iod aiso heating 8-chloro-a-napbtl!yl- 
ainme-3: ()-(lisu]\)h()nio aeid with dilute sul- 
pburiu acid underpressure {liadiHcho, D. R.-P. 
J478.')2}, in a crystalline, deliquescent substance, 
its and Urriutn salt, RaH.A.-f-bHaO, crystallises 
in needles; and poiusKmni salt, in scales; and 
and sodihfi salt, in needles. 'J’he normal .salts 
dissolve easily, yielding non-fluorescent solultons, 
which witli ferric cliloride give a daik green 
colouration (Cassclla, I). J{-i* /IKt'iS ; Png. P. 
I{t2() of J8!)4). ('ojiijiaied willi the azo-dyes 
from a-naphlliol-3 • I* (lisuljiiioinc acid, those 
from this yicn-cliloro- arid nie inueli bluer in 
shade and of enlianced lastness {('assi'lla, /e • 
1). K.-P. 82285 ; b<l227). 

NjTJIi )SO-a-N A rilTIK »LS. 

(e. N<i{d(lhiiqiniioiico.> nncs.) 

NlTKO-tt-NArHTH()LS. 

Iiilroduclari/. -N’itio-a-n!i,|)hthols arc oli- 
tainod, not from a-naphtlml by direel niliation, 
as the yield is uiisatisfactuiy owing to the ja-o- 
ductioii of tars, hut from miphtholsulphonic 
acids, mtrosoiiaphthols. or mtiosonaphtliol- 
sulphoiiie acids, (‘oiitaming tlic nitroso- gn*u}). 
or at least one suljikomc groU}i, in th<‘ same 
nucleus as tlie hydroxyl radu h*. An altermi- 
tive method from a-ehloiomtronfi]>}itIialenes is 
Kruiwn, and, although li has no teclmicid nn 
portanee, loui nitro-a-na]>hthoIs Inwe In'cii ])ie. 
pared by its aid, nz. the 4-mono-, the 2.4-di-, 
and tlie 2:4:5- and 2.4 8-liiiutro-a-napli- 
thols, each of which, save t he last, regenerates 
the eorr<‘s[)oudjng rt-chlorojiitionHpiitJialcne by 
intci’action with toliicuc-p-suijihoii}! chloride 
and diethylanilmc (e/. Itindl, (’hem. doc. Trans 
*15)13. 103, loll). 

'I’hc mtio-a-naplithols containing a nitro- 
group jti the ort/to- ]»osi1ion lelativi-ly to the 
hydroxyl radich* dye wool ami silk m- vaiious 
shades of yellow. , 

(i.) 2-NitrO'a-naphthoI is oldained hy boding 
acelvi-2-nil ro-a-naphthy lam me with aqueous 
caustic soda {Liebermann and Dittlor, Aimalen, 
1870, 183, 24(); Ijellinaim and Rcmy, Per. 
1880, 10, 802), or by hydiolysing 2-nitr(j'a- 
ethoxynaphthalene-4-sulplionic acid (Witt and 
Schncidei, Her. 15)01, 34, 3180); or, logetber 
W'ith 2 : 4-dinitro-a-uaj)hthul, liy boiling a-iliazo- 
naphthah'ne suljihatc with nitric acid in imil. 
prop. (Noelting and Wild, Her. 1886, 18, 1330); 
or, better, by suspending 2-mtroso-a-naj)li1hol 
(5 g.) in water (<50 e.c.), adihng nitne acid of 
sp.gr. 1’3 (45 c.o.) in tlu^ cohl, and, after 15 hours, 
diptilling the product with steam ((Irandmoiigni 
and Michel, Her. 1802, 25, 073). 

Propc/tics .—It crystallises m greenish-yellow 
scales, m.p. 128°, fliss<»lves spuiingly in dilute 
alcohol, but less readily in water, and re.semliles 
o-nitrophenol in being volatile with steam and 
in forming dark red salts. Its an (ate forms 
bright-yellow needles, m.p. 118° ((Ti'andmougin i 
and Michel, l.c.), and r//i/// dher, bright yellow 1 
needles, m.p. 84 ' (Hoermann, J. pr. '(’hem. 1801, 
[li.] 44, 240). 

(ii.) 4-Nitro-a‘naphthol {Fmich i/ellov' ; Cain’ 
pobi'Uo ydloiv ; Chryurtc and.) can bo prepared 
by boihng acetyl-4-nitro-o-na])hthylamine with 
aqueous caustic soda (Andretmi and Hiedermann, 
Ber. 1873, ii, 343; cf, Lellmanu and Kemy, 


Ber. 1880, 10, 700}; and ia formed w'hen bis-i- 
lutro-a-naphthyl carbonate, m.p. 212°, is heated 
with ah^oliolic potash (Rcvcrdin and Kauffniann, 
Her. 185)5, 28,3060); or when 4-nitro-a-ohIoro- 
najihthalene is heated with aqueous sodium 
carbonate under pressure at 150°-155° (Ories- 
heim, I). R.-P. 117731 ; Eng. 1\ 7002 of 1000). 

Propcrtufi. —It crystallises from hot water m 
golden-yellow^ needles, m.p. 104°, js readily 
soluble in alcohol or acetic acid, and, like p- 
nitro])henol, does not volatilise with steam. 
The sait.s (Biedeiinann, Her. 1873, 0, 1118) are 
orange-red to dark-red in colour, and dissolve 
I readily m water ; llic .soduint salt KaAH-211W>, 
j carmiiic rcd needles, was formerly used as a 
j yellow (lye fi>r silk or wool. I’he methyl ether, 

I III ]>. 85 -80"' ((Jiiesheim, lx ), and ethyl ether, 
i needles, m.]). ]10°~II7° (lleermann, lx.', 

\ Witt and Sclineidei, lx.) have been described. 
On nitiation it yields 2,i-ditutro-a-naphlhol. 

(m.) 5-NitrO a-naphthol, obtained from 5- 
nitro-a-iuiplithylumine suiphaic by the diazo- 
roaction, siqmrates from liot water in dark- 
ycllow' crystals, m.p. 105' , gives nn acetate, 
needh's, m p. 114 and hnizo<il(, needles, m.p. 
100' ; coujileswith diazotised liases; and with 
nitrous acid yields ti-iniroA-xilroso-a-'tuiphihol 
(Kaufler and Hraiicr, Her. 1007, 40, 3271). 

])j>iITRO-a-NAe'lTHOLS. 

(i.) 2: 4-Dinitro-a-naphthol {MarhKA yellou', 
Mancheder inllou', Naplifhalaa yillow, Naphthol 
yilloir) IS obtained by the action ol nitric acid on 
a-naphthol (Dale, Caio and Alaitius. Kng. P. 
2785 of 1804; Maitius, Zeitsch. (’hem. 1808, |ii.] 
4. 80), 2-mti'oso- or 4-iiitrosu-a-naj)hthol (Puchs, 
Her. 1875, 8, 025)), 2-nitro- or 4-mtro-a-na]ih- 
Ihol (Liebermann and l)itlh‘r, Annalcn, 187(5, 
183, 240), and on a-na]ihth()l-2-sulphi)mc acid 
(Darmstadter and \\'ichelhaiis, Kng. P. 80 of 
18(50; Annalen, 18(50, 152 , 25)0), a-naphthol-4- 
sul])honie acid (('leve, Poiliandl. 187(5, 7, 40), 
a-na])hthol-2 : 4-di.sulj)hoiiic acid (Pender, Her. 
1880, 22, 000); or (but mixed W'ltli 2-mtro- and 
4-intro-a-nap)ithor) a*et)ioxyna])hthalcnc-4-sul* 
phonic acid (Witt and Schneider, Her. 1001, 
34, 3180). It is also formed when a-naphthyl- 
aniint: is heated with concentratc'd nitric acid 
(HalU), Her. *^870, 3. 288); or when acctyl-2 : 4- 
dinitro-a-uaj»hthylaminc is boiled with aqueous 
caustic <;ioda (Liebermann and Plammerschlag, 
‘Annalen, 187(5, 183, 273); or when nitrous fumes 
I are led into an ethereal solution of a-naphthol 
: at Ot (Schmidt, Her. 15)00, 23, 3245). 
j PrijHiiatiou. —Either a-naphthol-2 : 4-di8ul- 

]ihonic acid, made by sulphonating a*naphthol 
w'lth twice its weight of sulphuiic acid below 60°, 
is heated with dilute nitric acid at 100°, or the 
two a< naphtlftilmonosulphonic acids, formed 
when a-naphthol is sulphonatcd under ydiaffePs 
eoriditiona, are converted into their nitroso- 
derivatives by interaction with sodium nitrite 
and sulphuric acid m the cold, and the mixed 
jirodnct is then warmed with nitric aeid (r/. 
Hender. l.c. footnote). 

Properties. —It crystallises from alcohol in 
citron-yellow needles, m.p. 138°, does not 
volatilise with steam, is almost insoluble in 
water, and dissolves only sparingly in alcohol, 
ether, or benzene. It is sufficiently acidic 
to expel carbon dioxide from carbonates, and 
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it forms soluble, orange-coloured salts (Martius, 
lx .; for salts with organic bases cj. Norton 
and Lowcnstein, J. Amer. (‘hem. Soc. 1807, 
10, 023 ; Korczyiiski, Her. 1900, 42. 174). 
The sodiufn salt NuA+lj_j(>, ammonium salt 
NH^A-fHoO, and calnum salt (’aA^,+ 01120 , 
crystallise in needles (Martius, and were 
used formerly as golden-yellow dyes for siUc and 
wool. Djnitro-a-naphthol, however, has little 
afTinity for the li))re, being removed from li 
either by volatilisation or by washing. 

}{pac(ion.s .—Nitration in the preseneo of 
much sulphnrie arid at tem|ieratiires liclow 
converts it into a mixtuia; of 2:4: t)-ln)tilro- 
with 2 : 4 : T-(ruvtro-a ■ nophihol. Jholonged 
boiling witli concentrated nitric .arid oxidises it 
to ■pli/lialic and ojolir acids (Martius, t.c.). J-ly 
digestion with alcoholic ammonia al. 19(1'^-2(M^ 


(Kehrmann and Haberkant, l.c.). The potas^ 
j siu?n salt is easily, but the aodduin salt, yellow 
j needles, only sparingly soluble in water. 

I (iii.) 2:4: S-Trlnitro-a*naphthol,obtaim‘dl)y 
J mixing 8-nitro-4-mtro8o-a-naphthol with 50 p.c. 
I nitric acid in the cold ((iniebe and Oeser, 
Annalen, 1904, 3S5, 150; EriedUndcr and 
Scherzer, l.c.), forms yellow prisms^in.j). 175°, 
and dyes wool yellow. Tlie poUissium salt 
KA, civstallises well (Fnedlander, Ber. 1899, 

I 32, 35 : 16 ). 

(iv.)4: 5:7- (or^:0:8-) Trinitro-a-naph- 
thol has not been i.sohiti'd, but its methyl ether 
is formed by the interaction of 1 : 3 : 5 : 8 -tetra- 
j nitronaphthalene and .sodium methoxide. Tins 
: ether cry.stallises 111 yellow needles, 111 .j). ISO'’’, 
and on oxidation yields :i: ry-dniitrophlkalic acid 
(Will, Ber. 1895, 28, 372). 


it yields 2 : 4-dinilro-a-naphfhi/lamrnc. Wlu'ii 
heated with potassium eyiini<h‘ in hot aleoholic 
solution, naphihylpnrpuut acid is formed 
(iSoinmaruga, Annalen, 1871, 157, 328). uml with 
toluene-^>-sul|)hon_vl cliioridc and diethylaniljiie 
4 • chloro ■ \ :'S ■ dtiiitfoiiaidilhaJi/It is ohtaineil 
(UDmann and Brink, Bit. 1908, .tl. 39:i2. 

(ti.) 4 : 5-DinitrO'a-naphthol, foi lin'd wln'ii 5- 
iiitro-4-nitioso-a-na])hthol is oxidised byalkahiU' 
potassium ferncyanide solution, cr\stullises in 
yellow needles, m.p 2:10' , dissoKes only sjiaiingly 
111 watei, ami has ojily h'cbh' dy<iug jiiojX'ities 
(Fnedlamiei, Bei. JS99, .32, 3.529). Tin- miihyl 
ether, m.p and /thyl ether, scmUn, m p. 

182°, have be(*n deseiibed (IJlImaiui and ('on- 
sonno, Ber. 1902, 35. 2808). 

(ill ) 4 : 8-Dinitro-a-naphthoI, obtaineil simi¬ 
larly from 8-nitio-4-mtro.so-a-napbthol, has m.p. 
135°, but otherwisi' resembles the 4:5- ileiiva- 
tive 111 properties (Knedlaiider, l.c.). 

'J’llINITRO-a-NAPHTUOLS. 

(i.)2 : 4 :5-Trinitro-a-naphthol(A3/yd//07nein' 
acid) IS formed vihen5-nitio-4.iutroso-a-nn]>hthol 
IS warmed with dilute nitric acid ((Iracbe, Jh-r. 
1899, 32, 2878, (Jraebc and Oeser, Annalen, 
1904, 335, 147 ; Fnedlamh'r and iSeherzer, cj. J. 
Soc. Cluun. ind. 1900, 19, .339); i^r, mixed with 
the 2 : 4 : 7-trinitio- deiivative, wln'ii ^: 4- 
dinitro-a-naphtliol is iiitiated in the cold uilJi 
nitrosulphuiie aeid (Kehrmann ai^I Haberkant, 
Ber. 1898, 31, 2-121 ; </. Diehl and Merz, Ber. 
1878, 11, J(i(i2). 

Vropertus .—H forms needles, m.p. ft)0°, and I 
its poiamum salt KA+JUO, needles, easily 
soluble in hot, but only sparingly so in cold water 
(Kehrmann and St' iner, Bei. 1900, 33, 3281). 
it is a strong aeul, dyes wool yellow, yields 
^‘Mtrophlhahc avid on oxidation, and gives 4- 
chloro-\ : 3 : H-trinilronaphthalcnc when heated 
with tuluene-p-sulphonyl chloride and dietliyl- 
aiuUne (Hindi, ('hem. Soc. Trans, 1913,103,1914). 
( 11 .) 2 : 4: 7 Trinltro-a-naphthol is the mon? 


TeTK nNiriK )-a- N Al’HTirOJ... 

2 : 4 : 5 : 7 - Tetranitro - a - naphthol ( Ilelio- 
chiysvi) is obtained by digesting tetranitro-a- 
bromonajihthalene (m.p. 170'5'^) with warm, 
concentrated aiiueous sodium carbonate (Hochftt, 
D. H-P. M951; Fug. 1*. 5327 of 1880; Merz 
I and Weilli, Her. 1882, 15, 27N). It i rystallises 
I in yello\' scales, m.p. 180^', and forms reddish- 
yellow .salts, whicli dissl()lve only sjianngly in 
water. The potas.\ni.m salt KA-] I ^ll._,(>, prisms, 
iH soluble jn 340 parls, and the sodium salt 
NaA + 2}T,0, scales, 111 alKiut 94 parts of water 
1 at 19°. It dyes silk and wool golden-yelhiw', but 
has no teclniK'al value. 

NlTRO-a-NAPHTHOLSULPHONIC Ac’IOS. 

I ( 1 .) 2-Nitro-a naphthol-4.sulphonicacld can be 

j obtained lr<mi the corresponding ethyl ether by 
! hydrolysis w’ltli eaiistic jiotash solution. Tl« 
\ basic hariiim salt BaA 1 14.3) is very sparingly 
Soluble; the yellow potassium ami orange 
j bd'oe polassium salts form needles easily solulue 
! in \^ater. When its salts are lieated with 
hydrochloric aeni under jnessiire at l50''-i(>0° 
2-nilro-a-iiaphlhol is tibtained (Witt and 
Schneider, Bei. 19(H, :M, 3189). 

( 11 .) 2 • Nitro-a naQhthol - 7 - sulphonic acid, 
formed from diazotised 2-mtro-4-amino-a- 
naphthol.7-sulphonic aeid {v. 2:4-dinitro-a- 
naphthol-7-sulphonie, acid) by means of cojiper 
powder, crystallises with I mol. in yellow 
needh'.s, and it.s copper salt CuAg+SHjO in 
greenish-yellow needh's. On reduction it yields 
'Z-amiwy-a-uaphihol-l-sulphoTiic, acid (Finger, 
.1. jir. Chem. 1909, [ii.] 79, 441). 

( 111 .) 2 : 4.Dinitro - a - naphthol - 7 - sulphonic 
acid [naphthol yclloii' N : acid yellow S) is for^j^cd 
by nitration of a-na|ihllioi*7-Hulpbonic acid 
(Liebmann and Studer, ICng. B. 7812 of 1887 ; 
cf. Bender, Ber. J889, 22, 990), or of a-naphthoB 
4: 7'disulphomc acid (Dahl, D. R.-P. 41957), 
or of a mixtiiH' of a-naphthol-2: 7- and 4:7- 


soluble jiroduct obtained wrien 2 : 4-dinitro-a- 
iiaphthol is nitrated m the cold with nitro- 
sulphuric acid (Kehrmann and Haberkant, l.c.), 
and is freed from tlie 2:4:5- compound by con¬ 
version into th© sj)armgly soluble sodium salt 
(Kehrmann and Steiner, Ber. 1900, 33, 3280). 

Properties .—It forms yellow^ needles, m.p. 
146°, but, fjjpm benzene or acetic acid, prisms 
containing solvent which effloresce in the air. 
On oxidation it yields i-mtrophthahe acid 


! disulplionic acids (Seltzer, D. R.-B. 20710; 
Levinstein, Eng. P. 5092 of 1882 ; L. Vignou & 
Co,, Eng, i‘. 9808 (prov. spee.) of 1884; Leon- 
hardt, Eng. P. 11318 of 1887), or of a-naphthol- 
2:4: 7 -trisulphonic acid (Badische, D. R.-P. 
10786 ; Kng. P. 5306 of 1879 ; cf. Lauterbach, 
Ber. 1881, 14, 2028; Hochst, D. R.-P. 22646; 
Eng, P. 2178 of 1882), or of a-methoxynaph- 
thalenedisulpboiiic acid (Dahl, Eng. P. 1964 of 
1883). 
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NNAPHTHOL. 


Preparalion. —(1) To the solution obtained 
by diluting the trisulphonation melt from ‘a- 
naj)hthol(iO kilos.) with water to 100 litres nitric 
aoid of 8p.gr. 1 -38 (25 kilos.) is added at such a 
rate that the temperature docs not exceed 60®, 
and the reaction completed either at 6^)° or by 
allowing the mixture to remain in the cold for 
12 hours, j’rom the solution, dinitro-a-naphihol- 
sulphonic acid separates in needles, the mother 
liquors containing other nitration products, of 
which nothing definite is kn(*wn (liadisclie, l.r.). 

(2) The mixed a-na]jlithoklisulphonic acids 
of Leonhardt’s Kaj:. 1*. JI3IK, afU'r conversnui 
into nitroso- (•ornj)ouiHlH hy means f>f sodium 
nitrite, arc nitrated at with nitric acid, also 
in the projioitioii of 25 kilos, to cveiy 10 kilo.s. 
of a-naphthol sulplionatcd (Leonhardt, l.c.). 

Salts .— ^^rho acid cryataliiscs from hydro¬ 
chloric acid in yellow ncedle.s. The hamnn and 
basic potassium K,A salts are ve,ry sparingly 
soluble; the acid potassium KA, bask sodium 
Na^A, and ammonium salts arc readily soluble 
in water and are orange-yelhiw {Lauterbach, l.c. ). 
It is a strong acid, has considerable tinctorial 
power, is used as a yellow dye for wool, and, 
unlike 2 : 4-dinitro-a-naphtliol, does not vola* 
tilise from the fibre an<l is not poisonous. 

Jieactions. —By oxhlation with nitric acid of 
8p.gr. 1-33 it is convei-k'd into ^■suIphophthoUc 
arid ((Iraebc, Tier. 1886, 18, 510; Re<‘, ('hem. 
Roc. Trans. J88fi, 4t), 511). Wlien reduced with 
stannous <!liloride and hydroddorio acid it 
yields 2• nitro - 4 • a7)nn^ • a • uaphthol-'] - sulphomc 
acid (Lauterbach, l.r. ; Finger, J. pr. (Iicin. 
1U09, [il. j 79, 441); but in anmioniacal solutum 
with sodium sulpliicle gives tlie isomeric 4-7iitro’ 
i-aminn.a-uaphthol-'I-sulphovtr and (Oesellseh., 
J). R.-R 189513; Kng. V. 7535 of 19(»;). 

(iv.) 2 ; 4-DinHro-a-naphthol-8-sulphonic acid 

(ImUianf yellow) is formed when the nitroso- 
derivativ'c of sodium a-najihihol-B-sulphoiinte in 
dilute sulphuric acid solution, is mixed with 
nitre in the cold, the reaction being completed 
on a water bath (Schollkopf, I). R..]>. 42:i(i4); or 
when sodium a-naphtliol-i: 8-ilisulj>h(umle in 
aqueous solution is heated with dilute nitric acid 
at fi0“-70^(Schollkoi>f, IMi.-J*. 40571 ; Eng. J*. 
15776 of 1885); or its nitroso- derivative is 
boiled with nitric acid (Karpeles, rf. J. Soc. 
(Miem. Ind. 1898, 17, 837); or when sodium a- 
naphthoI-2 : 4 : S-trisuljihonate, dissolved in sul¬ 
phuric acid, is mixed with nitrosulphuric acid at 
20® (l)ro.s8Cl and Kothe, Bcr. 1894, 27, 2145). 

Properties. —The poia-^.kmn salt KA-! Hd) 
(Karpeles, l.c.), and the sodmm salt NaA 
(Jlressel and Kothe, l.c.), form sparingly soluble 
yc'low needles, and in an acid bath dye silk and 
wool a more orange shade than that produced 
with the isomeric 7-suIphoiuc acid. As a dye¬ 
stuff it has no technical value. 


AoH )3-Naphthol occurs in very 

1 r small amount in the coal tar fractions 
V of high boiling-point (Schulze, An- 
nnlen, 1886, 227, 160), but is always made from 
sodium naphthalene-jS-sulphonate by fusion with 
caustic alkali (Schaffer, Annalen, 1869, 152, 
281). 

Preparation .—A melt of caustic soda (10 pts.) 
with water (2 pts ) is heated at 270® until 
frothing stops; sodium naphthalene-;8-sul- 


phonate (15-25 pts.) is then stirred in gradually 
while the temperature is raised slowly to 300®- 
310®, at which the fusion is completed. The 
liquid naphtholate, containing sodium sulphite 
in suspension, is dissolved in the minimum 
amount of water, the solution neutralised by 
60 p.c. sulphuric acid, heated to boiling and 
acidified with sufficient 60 p.c. sulphuric acid 
to liberate about 86 p.c. of the naphthol, which 
when cold is removed by filtration. By this 
means ^-najihthol, free from a-naphthol (arising 
from a-sulphonate present as imjmrity in the 
/?-sulj>honaio used), is obtained, while from the 
filtrate after dilution the remainder of the 
^-iiafihtliol may be aejiaratod by the addition 
of more acid, the a-na})hthol remaining in solu¬ 
tion. When dry, the ;S-naj)hthoI is purified 
by distillation in a vacuum {cj. Cain, Inter¬ 
mediates, 2nd ed. 213; Levinstein, hhig. R 
2.300 of 1883). 

To avoid the formation of oxidation products 
wliieh occurs when sulplionic acids are fused 
with caustic alkali in ojien vessels {rj. Bfisw’ell 
and Dickson, J. Aiiier. Chem. Roc. 1918, 40, 
1787), sodium najihthalone-^-suIjihonatc (4(5 
pts.) may be heated with caustic soda solution 
of sp.gr. 1’384 (50 pts.) in an autoclave at 
300®-330® for 10-12 hours (Aktienges., D. \\ 
Anm. A. 24027 ; cJ. J. Roc. ('hem. Ind. 1914, 
33, 966); or with 10 ji.e. eaustie soda solution 
at 300® for 30 hours (W'lllson and Meyer, Ber. 
1914,47,3162); or, in concent rated aqueous solu¬ 
tion at 100®, ad<led gradually to fused caustic 
soda in a covered vr^sel at about 300“ (Wallach, 
rj. J. Roc. (‘liom. Tnd. 1919, 38, 248). 

Prnprrlu s. —^-Najibthol eiystallisesin odour¬ 
less scales or rhombic tables {cf. (irolh, Annalen, 
18()9, 152, 2S5), m.p. 122“ (RchaffiT, l.c.), h.p. 
285"-286° (Ebert and Merz, Ber. 1876, 9, 611), 
sp.gr. 1-217 at 4® (Schroder, Ber. 1879, 12, 1613), 
and is readily soluble in alcohol, organic solvents, 
or caustic alkali solutions, but only sparingly 
so in hot water. It sublimes easily and can be 
distilled with superheated steam, but is only 
slightly volatile with steam at 1(X)®. It has 
marked antiseptic properties. The sodium 
compound (’,QH,-ONa can bo obtained crystal¬ 
line {v. p. 466, footnote 1). 

Reactions. —It couples readily with diazo- 
tised bases aftd is used extensively as end com¬ 
ponent for the production of uzo-dyes either in 
the ord'nary way or, if the dyestuff be insoluble, 
.IS a develojier on tiie fibre. With nitrous acid 
it forms nilro,so-^-naphthol (?;. naphthaquinone- 
oximes) or, in ethereal solution, 1 : ^-dinitro-^’ 
imphthol, which is also formed by nitration, 
Ehlormation converts it into X-rhloro-B-iuiphthol. 
Ily sulphonation, B'‘^<^P^dhol-mono-, di- and trk 
sulplionic acids are obtained. 

On oxidatidn in alkaline solution with per¬ 
manganate it yields either o-carhoxycinnamic 
arid (Ehrlich and Benedikt, Monalsh. 1888, 9, 
527) or phtlialonic acid (Henriques, Ber. 1888, 
21, 1618), but on fusion with caustio alkali and 
copper oxide or hydrated manganese peroxide, 
it 18 converted, like a-naphthol, into phthalic 
acid and benzoic acid (Bindsch., D. R.-P. 138790 ; 
139956 ; Eng. P. 16627 of 1901). By reduction 
with sodium in boiling amyl alcohol solution it 
furnishes a mixture of 6,c.-teirahyd 'o-B^naphthol 
as chief product, with ax.-tetrahydro-p-naphthol. 
When heated with ammonium sulphite solution 




NAPHTHALB2JB, 





and ammonia at 100°-160°» or with ammonia 
under pressure, it is converted into ^‘naphthyl' 
amine, or with acetamide or aniline into 
acetyl- or phenyl-^-naphthylamine. By conden- 
Ration with nitrosodimethylaniline hydrochlor¬ 
ide it yields Meldola's Uue (Meldola, Ber. 1879, 
12, 2066). 

Iodine solution added to a solution of 
naphthol in aqueous caustic soda {1 mol.) gives 
(Quantitatively a crystalline precipitate of 1- 
lodo-p-naphthol, m.p. 94” {Wilkie, J. Soc. Chem. 
Ind. 1911, 30, 402), but with excess of alkali 
a yellowish-green precipitate of so-called 
naphthol iodide (Messingor and Vortmann, Bcr. 
1889. 22, 2322 ; Bayer, II.-P. 49739 ; Kng. P. 

6079 of 1889). 

Colour reactions .—Blcnching-powder solution 
gives to an aqueous solution of ^•na 2 >hthoI a 
pale yellow colouration which disaj)pear9 on 
addition of an excess. Ferric chloride, added to 
an aqueous solution, gives a pale grcH.‘n coloura¬ 
tion, and afterwards a white floeculent preeiju- 
tQXeoifi^'-dinaph1hol{\)ia.n\n, Ber. 1873, 6, 1252; 
1874, 7, 125; <’/. Walder, Bor. 1H82, 16, 2169). 
When warmed with strong caustic; [lotash solution 
and chloroform at 50" it givers (like a-naphthol) 
a Prussian-blue colouratum which giadually 
changes through green into brown (Lustgarten, 
Monatsh. 1882, 3, 72(>; cj. Rousseau, Ann. 
Chim. Phys. 1883, [v.| 28, 148). 

Tests. —Commercial najihthol should be 
almost colonrless, hav(5 a]>proxiinate!y the right 
melting-point, and dissolve completely in caustic 
alkali torming an almost colouiless solution. 

Estimation. —A 1 {i.e. solution of the samiilo 
in aqueous caustK; soda (4 mols.) is titrated at 
60” with excess of N/10 iodine (the equation is 

CipHaO+312 + 3NaOH + 3NaI \ 

cooled, acidified with dilute sulphuric acid, and 
the filtrate titrated ba<9i with N/10 sodium 
thiosulphate (Mehsingen- and Vortmann, l.c. ; 
cf. Kuster, Ber. 1894, 27, 1007 ; Wilkie, l.c.). 

)3-Naphthyl methyl ether {nnolin), 
prepared by heating )5-naphthol (5 pts.) dissolved 
in absoluti^ methyl alcohol (6 pis.) with sul¬ 
phuric acid (2 Jits.) in a reflux apparatus iindi-r 
slight pressure at 125” (Gattermann, Annalen, 
J888, 244, 72), forms scab's, m.p. 72”, b.p^!i74” 
(Marchetti, Jahrosb. Chem. 187^ 543), dis¬ 
solves sparingly in alcohol, and has the odour of 
orange fiowers (neroli). 

^-Naphthyl ethyl ether, prepated Iikq 
the methyl ether (Gatt-ermann, l.c.; cf. l^aul, Z. 
angew. Chem. 1896, 9, 620 ; Davis, Chom. Soc. 
Trans. 1900, 77,33), in p. 37‘\ b.p. 282”, dissaives 
readily in alcohol, and has the odour of pine¬ 
apple. On nitration it yields l-nitro-^-ethoxy- 
naphthalene, m.p. 104” (Wittkampf, ®er. 1884, 
17, 394; Cassella, D. P. Anm. 2883; Paul, 
l.c .); and, as minor product, ^-nitro-^-ethoxy- 
naphthalene, m.p. 114” (Gaess, J. pr. Chem. 
1891, [ii.] 43, 22). 

)3-Naphthyl phenyl ether, m.p. 46®, is 
obtained when a solution of sodium )3-naphthoI- 
ate in )3-naphthol is heated with chlorobenzene 
under pressure at 200°-220® (Fritzsche, D. R.-P. 
269543 ; Eng. P. 9797 of 1913). 

)3/J'-Dinaphthyl ether (Ci,jH,) 20 , ob¬ 
tained by boiling ^-naphthol for some hours 
with 60 p.o. sulphuric acid (Graebe, Ber. 1880, 
13, I860); or by heating sodium ‘-jS-naph- 


thrlsnlphste’i vitb /S-mphtbol 180"-SO(^ 
{N;etjki, Ber. 1882,15,306); or^-mpbtbol mtb 
phosphorus pentachloride (1 Aol.) at JOO** for 
2 hours (Berger, Compt. rend. 1905,141,1027), 
forms Bc^es, m.p. 105®, b.p. above 360®, and 
yields ^-naphlhol-mono-, di-, and tri-sulphonic 
acids when heated with sulphonating agents 
(Bronner, D. R.-P. 26938; Eng. P. 3606 of 
1883). 

i8/d'-Dinaphthyl carbonate, which is 
obtained by the interaction of phosgene and 
sodium )9-naphtholaJe (Schi^ring, D. P. Anm. C. 
4197), forms needles, m.p. 176”-177®, sparindy 
soluble in alcohol, and on sulphonation yields 
a mixture of the Q-naphihol-iS; 7-, and . 8- 
sulphonic acids (Reverdin and Kauffmann, Ber. 
1895, 28, 3057). 

^y3'-DinnphthyI flulphite, a nacreous 
powder, is obtained by heating ^-naphthol dis¬ 
solved in caibori disulphide with thionyl chloride 
in jircsence of pyruline (liadisehe, 1). R.-P. 
303033). 

^-Naphthyl acetate, obtained by heating 
;5-naphtho! with aert-yl chloride {Schaffer, 
l.c.), or wjtl) anel,icaoid at 240” (Graobe, Annalen, 
IHHl, 209, 150), ferm.s needles, m.p. 70® (Miller, 
Bcr. 1881,14,1602, footnote), (Jissolvcs sparingly 
in water, and is hydrolysed by distillation with 
steam. 

;8-Napiitiiolsulphonic Acids. 

Introductory .—The greater number of the B- 
naphtholsulphonic acnis is obtained by tne 
sulphonation of )3-naphtliol, whereas in the 
a-series, for the jiroduction of a-naphtholsul- 
phonic acids, direct sulphonation finds only a 
limited use. But tins is only one of many differ¬ 
ences between the two scries. Another arises 
from (rt) the jireferential sulphonation in a* 
rather than in jio.sitions, (/>) the preferential 
replacement of a- rather than of ^-sulphonic 
groups by other radicles, which renders the 
mctlimls most widely used in the a-series (t?. 
p. 4fft) comparatively valuidess for the pro¬ 
duction of jS-naphtholsulphonic acids. For 
example:— 

(i.) Fusion of iiaphthalcnesulphonic acids 
with caustic alkali, if /S-napIitholsulphonio 
acids are reejuired, can bo applied only to 
naphthalono-2 : 6- and 2 : 7-di8ulphomc acids, 
as these are the only two naphthalcnepoly- 
sulphonic acids containing SO^H radicles ex- 
(fliisjvely in B- positions. 

(ii.) Exchange of the amino- group for hydr¬ 
oxyl in naphthyiaminesulphonic acids, either by 
the diazo- reaction or by the bisulphite method, 
is limited in the /S-scries by the fact that %e 
most convenient source of )S-naphthylamine- 
sulphonic acids is found in the j6-naphthol- 
sulphonic acids themselves. 

The first jiroduct of the action of sulphuric 
acid on ^-naphthol is ;8-naphthoI-l-sulphonic 
acid, regarded by its discoverers as )3-naphthyl- 
sulphuric acid. Without alteration in the con¬ 
centration of the sulphuric acid, but with rise 
of temperature, there are obtained successively , 
at 60®-60® ^-naphthol-S-sulphonic acid, and at 
9U®-J00” the 6-sulphonic acid. When the 

^ The acid described by Armstrong (Ber. 1882, 15, 
202} and by Nletzki {l.e.) as S-naphthylsulphurlo acid 
is now known to be S-naphthoM-sulphonlc acid (c/. 
Tobias, D. n.-P. 74688). 
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weight of sulphuric acid is doubled there are | ation of ^-naphthol reaches its limit in the 
obtained, similarly, at ^-naphthol-fi : 8-(li- ; formation of the II: 6 : 8-trisulphonic acid. The 
sulphonic acid, land at 120°-13U“ the IJ : 6* ' relationship between these products is shown in 
disulphonic acid. With auhydro* acid, sulphon- ' the scheme ^— 
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Another source of ^-naphtlioljxilysuljjlionic from uai)lilbaleiie-2 : 7-dieulpliouicacid by fusion 
acids is the 7-su!ph«)nic acid, vslmb, although ! with caustic alkali. 'Fhc acids formed from it 
known to occur in the sulj)honaiioii jiniduct of i by suljihonation arc shown below, the suljiho- 
fl-naphthol at does not seem In have naling agent list'd hemu infhcalecl under the 

been isolated from this source^ but is obtained symbol giving the constitution of the product. 
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Pearmg m mind the rule of ])refcrcntial 
substitution in a-posiiions, it is notewoitliy 
that the S().,H radicle is not found in eithci tht* 
4- ortho 5-})ositioii in any t»f the pi'oducts of tlie 
sulphonati'Ui of ^-naphtlml umlcr the most 
varied condil-ituis. An<I willi reft'Ct'iKc to tlie 
1-position, it IS evident that, of tlu' live acids 
obtaineil from ^-naphthol-T-suliihonie aeid by 
suljihonatiori, the three lontammg a SO.,11 
railicle in this jioHition arc' lonmal under con¬ 
ditions winch exclmle tlu' ])resence of water; 
whereas the two from which it is absent are 
obtained resjieidively by the use of ordmaiy 
Buiphuri<^ acid, and by desulplmnatum with 
boiling water. 

The jd-najihtholsulphonatcs are better de¬ 
fined, and more easily separated from mixtures 
than are the a-naphtholsulphonntes; tin'V can 
therefore be employi'd for the iiroduetion of 
jnire ^-na])hihylaminesul])honic acids, 'Pheir 
chief use is in connexion with the inanufaetuii' 
of or//io-azo-dye.s, hut they are not ('qually 


vaUial»le for this purjiose. Thus, the H-sub 
}>hoine and the ; S-disii!phome acids, which, 
m eouqianson with the (i-siilplmnie ami II: d- 
(liMilf)honic acids, couple tlie nioie slowly with 
diazotised bases, furnish azo-dyes that are 
yellow or orange in shade rather tlian red and 
are the more highly irized. lienee, when first 
; dosenlied, the (>: S-disulphome aeicl was termed 
(i-acicl ((b'lhsauie) and tlie If; li-isomerido 
Jv-aeid (Jtotsaure) to recall this distinction 
' (Hoehst, l>. K.-P. 32211). 

! ^-NAl'lITHOLMONOSULniONIC AciUS.^ 

1 ( 1 .) ^-Naphthol-1 -sulphonicacid ['^•7mj>Uhyl- 

•va/p/iarn- and’), ohtnined wlien a solution of 
I Vua^ihthol in 2-2 5 limes its weight of 90-92 
I p.e. s'^ljiliunc aeiii at 35'’-45" is kept for a short 
; tmu' until it/tsolidifies to a crystalline mass, is 
separated from the 8-sulphonic acid, also 
formed, in small amount, either by salting 
tint or by precijiitation as the sparingly soluble 


' This .scheme Is nnt ty bo rcganleil as coirii»l»'te. [ by J.iijiworth (Chem Sec ]*roc. IHOS, 11, 49), in which 
It leaves out of account the lorimilion ol p-niU'l'thol-7- j t)ic I'/rodiicts foimed m the siilphonation of 0-otlioxy- 
suiphoiiic aciil (?.r.) reconied liy Green, .itid sluudd bo 1 njiiditlialene by chJoresulpliotuc acid, under couditionB 
coCpared with anotlicr, coinjHled trom data furnished excluding the jiresence of water, are displayed— 
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The clmngc of acid I Into acid 11 was found to take 
place at the ordinary G^mperature, an<i of acid 11 iiiG) 
acid 111 at. the ti-raperatiiro of a water bath; more¬ 
over, aeid 111 on sulplionatlon gave, not llie 3. 6 -dl«ul- 
phonlc acid as mlglit be expected from tlio behaviour 
of ^•Daphtilol- 6 -Bulphoulc acid, but the 1 : G-disul* 


phfmie acid, not yet recognised among the sulphona* 
tion priKlucis of ^-naphthol. 

* in every cjme w’hcro the conatit|iitlon of a 
na{ilitii<)lsulpl>onlc acid is given the OH radicle is 
sujiposed to be in the jiosltion * 2 .’ 
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basic barium salt from the solution of the 
calcium salt obtained by neutralisation with 
lime (Tobias, J). R.-P. 74088; Eng. V. 16'K)4 
of 1893; rf. Nietzki, Ber. 1882, 15, 305). It 
is also formed w'hon chlorosulphonic acid in 
mol. prop, is added to )5-nai)hthol in carbon 
disulphide solution and the product, after: 
removal of the solvent, heated at 100'’ (Arm¬ 
strong, Ber. 1882, 15, 203). ■ 

Identijicaiiov .—Roth normal and basic salts | 
are known, which with the exei'^ition of the ' 
baftic barium wit are easily soluble in water. 
The normal harinm salt 2(’2ir80, jiota/i- 

■nnni salt KA, and sodnon suit NaA, erystallise , 
from alcohol in scales; tin* diwdium salt, | 
Na„A-f 2(';>H4(>, m scales, shows no Hiioivseenee i 
in aqueous stilution. Jn neutral solution th(' | 
salts give an indigo-hlue colouration with ferrii- 
cliloride, and in acid solution deconqiosi^ intt* 
jS-naphtho! ami sulphune acid on ev^ajioration , 
(Tobias, l.r.). ' 

]ii’mttou ‘<.—With (ha/.otised bnses coupling; 
♦ akes i>laee in i-oncentratial alkaline solution 
but owing to ehminalion of the SO,II radicle 
the rt:3n-dyi‘s aie d< rivativc.s of ^-na|)hlho].' 
not of the s’.ilphoinc a<-id (Tolu.is, l.r.). In 
neutral or a^id solution, by combination vitli 
diazoti.sed p-nitraniline or diani.sidine, -wits are 
])roduced (Rayer, I). R.-P. \Ky.m; Kng. P. 
J1757 of 189.5). l)is.solve<l in siil[)liuric acid it 
is converted at 59 - 1 ) 0 ' into fj-napht/iol-i): H- 
di-'iulpliouu- acid. P>y the bisuljdute leaclion 
or when heated with 29 p.e. ammonia at 229"- 
230" it yields l^-'/iaphl/ii/lamnif-l-siilpJionir arid. 

Its arc/i/l derivative, obtained by heating the 
sodiiiiii salt with acetic anliy<lnde, is convcriihle 
into the ■'udjdi.oui/I (lihuidr, lu ]). M5’5'’, wlmdi 
lurni.shes fi-uaphihalA plioiiiil chloride, needles, 
m.j). 124', on de acetylation (Anschutz and 
Maxim, .Annaleii, l!U<S. 415. 85)). 

(ii) /l-NaphthoI-4 sulphonic acid is obtained 
from jS-na|)htliylainin<‘-4 : 8-disuIphonie acid by 
dige.stion with water or 19 pc. sulphuric acid 
under jiressine at 179’-185'’ (Kalle, 1). R.-R. 
78003). Its Kodium salt is easily soluble. 

Hmrtiom .—When heated with ammonia 
under jiressme it is eonverh'd into ^-iiaphlkt/l- 
aniini’A-sulphoiiic and. Ry digestion 
00 p.c. caustic soda solution at 230'-2H(J* it 
yields o-/e/«u‘/fca/ (Kalle, D R.-J\ 79t>28). 

(ill.) ;S-Naphthol-5-sulphonIc acm has been 
prepared from ^S-naplithylamine-S-sulphonie 
acid bv thedi.azo-reaction (Dahl, i>. R -P.€9984 ; 
Eng. P. 7712 of 1884 ; Clans, 3. pr. Chem. 1889, 
[ii.] 39, 315). The, r/;u-dycs obtained from it 
arc worthless (Dahl hr.). On fusion \fiili 
caustic alkali, it gives I : i\-dihijdroxy‘imphtfiakne. 

(iv.) jS-Naphtbol-O-sulphonlc acid (la ] acAd 
of Armstrong and of Schultz; Schaffer acid) is 
formed as chief product, mixe^ vith about 
15-20 p.c. of the 8-sulphonic acid, when 
naphthol is heated on a water hath with twice 
its woigiit of sulphune acid •until completely 
sulphonatcd (Schaffer, Annalen, 18(i9,152, 290); 
or, mixed with some 7-snlphonic aeid, disul- 
phonic acid and unattacked jS-naphthol, w’hoii 
it is heated with monohydrate (1 mol) at 100'^- 
105® for 2-3 hours (Armstrong, Ber. 1882, 15, 

1 The maguesium salt i.s emiilcyed In place of 
fi-naphthol as » developer of dyestuffs on the fibre 
(Calico-Printers’ Association and Foumeaux, V. K.-P. 
204702). 


201; cf. Beyer and Kegel, 1). R.-P. 32964; 
Kqg. J\ 7098 of 1884 ; Green, Chem. Roe. Trans. 
1889, 55, 37); or, as chief product, wberi 
dina])hthyl etlier is sulphonated with 2-3 parts 
ol sulphuric acjd at !K)"-100® (Bronner, 1). R.-P. 
26938; Eng. P. 3606 of 1883). Tlic pure acid 
can be obtained from sodium naph11uilcne-2 : 6- 
disulphonate by fusing it with eaiiMic alkali 
(Ebert and Merz. Rer. 1876, i), 6(H ; Armstrong 
and Graham, Chem. Soe. 3'ratis. 1881, 39, 136; 
r/. ('assolla. I). R.-P. 45221); or from l-earboxy- 
^■na])htht)l-6-.sijl[ihonie acid by warming its 
a(}ueous.s(»Juii(Ui attifl" (fSeidh-r, i>. R.-P. 53343); 
or from ^-nafilitliylamme-ti-sulphonie acid, 
either by the diazo-reaefion, or liy the bisulphite 
method (Radi.sehe. D. R.-P. 12t)l36; 134401; 
r. p. IDi). 

Prrparaflov. —^^-Naphtho) (1 mol.) in fine 
jiowder is stirred with monohydratc (2 mols.) 
at lOO" until .suhilioiialion is complete. Tlie 
product IS tlien diluted with water, the mixed 
a(“ids eoiivi'rted into sodium salts after neiitrali- 
satioii with lime and th<‘ filtrate, after con- 
eiTitration to about 5 times tlie volume of 
nion<)h\<lrate used, stirred with suttleient 
eomiiioii salt for it to <-ontain 20 ]) (\ Na('l, 
wlicivby the less soluhh' sodium /]-najilithol-6. 
sii![>lionntc is sejuiiatisl ^-oiniiletely from the 
moie soluble salts of tlui accomjianyjiig acids, 
(;lii('fly ^■naj»lithot-3 : 6-disulpbonic or R-aeid. 
'rhe iiiotliei liipior can Im^ w (irked uj> for R-acid 
{>/.!'), whub may aimmut to one-hali of the 
Scluiilei acid obtained* (Eierz-David, Dye 
Cbemi.stry, ]). 33). If the suljihonation bo 
conducted at a lowei leiiijierature or with a 
smaller jiroportion of acid (1 mol.), th<‘ same 
mode of s<‘|iaration is followi-d but fi-iiaphthol- 
H sui))lionat,(‘ will remain m the niotner liquor. 

Idnihjiratwu.— Th(* and forms easily soluble,* 
non-ik'lujuescenl scales, rn.j). 125"; tfio lend 
salt PliA,.-) Oll^O, scales; the barium salt 
RaA.j'l 6II.3), long jnisms; thi' lalnim salt 
CfiA^-( 5ICO, seales, readily siduble in alcohol 
or in .?0 ]>arts of wat(‘r at 18"; the potanKium. 
salt KA, prisms, solnlik; in about 50 parts of 
w'atcr at J5"; the .wdutm salt NaA-^-211^,0, 
scales, soluble in aboiJt^3 3 part.s of water at 
89", in 57'8 jiarts at 14'', and in 69 jiurts at li ‘5® 
(Schaffer, he.-, Armstrong and Graham, hr,.)', 
tlie ammouiiun salt NHjA, long flat jirisins 
soluble in about 34 parts of water at 24® 
(Meldola, Chem. Soe. Trans. J8K1, 39, 41). In 
acjueoiis solution tli(! salts sln>w a })alo blue 
fluorescence and give a {lak^ green colouration 
with feme chloride. Witli nitric acid, solutions 
of these salts become earmme-red when warnual 
(Schaffer, hr. ; Armstrong and Graham, /.%) 
owing to the formation of an tndophrnol deriva¬ 
tive of [^-|naphthaquimme, which can be iso¬ 
lated in real crystals (Nietzki and Knapp, Ber. 
1897, 39, 87). 

jhartiom .—It couples wdth diazotisod bases 
forming nzo^ dyes. With nitrous acid it forms 
l-nUro<iO-^-naphlhol-(\-f<iilphomc arid convertible 
into a naphikol preen by ferric chloride. On 
Hulphonation with anhydro-acid lut 160®, it 
yields fi-tniplilkol-ii: (l■dl 8 -ldphon 1 r acid. By 
the hisiilplntc reaction or when heated with 
ammonia under pressure, it is converted into 

2 Miithodb for deterralrUng tlie relative proportion 
of Sciififf(;r and R-aclds. in a mixture are given by 
Fierz-David (l.c.). 
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fi’iiaphthylamine-Q'Sulpkonic acid. Fusion with 
caustic alkali furnishes 2: Q-dikydroxynaphthaU 
€»€. With sulphur and caustic alkali solution 
under pressure at 200° it gives two ‘ thio-fi- 
naphtholsulphonic acids’ (Aktienges., X). K.-P. 
50077). 

Derivatives .—^The phenyl ester, needles, 
m.p. 131°v' amide, scales, m.p. 237°“239°; di* 
methylamide, scales, m.p. 125°; andanilide, 
needles, m.p. have been obtained from the 
corresponding derivatives of I-carboxy-yS-naph- 
thol-b-sulphonyl chloride by elimination of 
carbon dioxide (Bayer, J). iil.-P. 278091). They 
couple with diazotmed bases forming azo-dyes. ' 

(V.) /9-Naphthol-7-sulphonlc acid {(S-] arid; 
F- is obtained b'chnieally fjoin Kodiuni 

naphthalono-2 : 7*di8u!f)li(>nate by digestion witli 
60-90 p.c. caustic sodasolution at 250 ' (Weinberg, 
Ber. 1887, 20, 2(M)7; Ciissella, 1). K.-P. 42J12; 
Eng. P. 12908 of 1880). iV^fxt-d with the (5- 
sulphonic acid it is formed when j8-naphlhoI 
is heated with Dionohyilrate (1 mol.) at 100'- 
130° for 2-3 haul's, but does not seem to have 
l>oen isolated from the product (Green. Eng. P. 
15840 of I8HH ; Cheru. Soc. Trans. 1889, 65, 37). 
From /S-naphthylaJtinie-7-8ulphomc acid it can 
be obtained cither by the diazo- reaction (Bayer 
and Duisberg, Ber. 1887, 20, 1431 ; rf. SebultZ, 
f'6id. 3l68)or by thebil4ulj)liite method (Bucherer, 
J. pr. Chem. 1904, [ii.] 09, 73 ; v. p. 4i()). 

Preparation. —Sodium iiaj)hthalcne-2 : 7-di- 
sulphonato is digested witli foui times its weight 
of 50 p.c. caustic soda solutimi under pressure 
at 226° for 10 hours or until an aenhlied test 
gives traces of dihydroxynaplithaJene when 
extracted by ether, or a test freed from .sulphur 
dioxide gives with diazoxyleno an amount of 
azo-dye equivalent to the quantity of sodium 
.salt employed. From the solufion of the melt 
in twice its weight of water, after it has been 
acidified and lioiled to remove aulphut dioxub*, 
sodium /?-naphth(>l-7-sul])honate erystalJises in 
the cold (Cassella, l.t .). Alternatively, the crude 
mixture of sodium naphlhfilerie-2 : 0- ani; 2 : 7- 
disulphonato may be usial, and tlie isoinci'ic 
jS-naphtholsulphonic acids separated by taking 
advantage of the sparing solubility either of the 
basic sodium O-.sulphoirale in the cold alkaline 
liquor saturated with common sail or of the 
normal sodium fi-sulphonate in a boiling solution 
of the melt in 2-3 vols. of water acidified by 
hydrochloric acid and saturated with common 
salt (Cassella, B. E.-P. 46221). 

Identification .—The acid forms hydrated 
needles, m.p. 89°, readily soluble in water or 
alcohol; the barium salt sjiaringly soluble 
nrisms; the viagnpumm salt 
scales; the potasaium salt KA + HoO, readily 
soluble rhombs ; the sodium * salt NaA-f 2^H2(J, 
large scales soluble in 12'5 parts of water at i5° 
(Weinborg, l.c.). In alkaline solution the salts 
show a pure blue fluorescence, and in neutral 
solution give a dark blue colouration with ferric 
chloride (Cassella, l.c.). 

ReoiUions .—It couples with diazotised bases 
forming ozo-dyes. With nitrous acid it gives 
X-nUroso-^-naphthot-l-nulphonu:. acid, convert¬ 
ible into a mphthol green by iron salts (Cassella, 
i>. R.-P. 42112; Eng. P. 12908 of 1886). On 

* The sodium salt under the name ' shading salt * 
(Kuanclertala) b used tor shading, e.fi. in Pmra-red 
dyeing. 


sulphonation with chlorosulphonio acid it ^elds 
p’napMkol‘l : l-disvlphonic acid, but with sul¬ 
phuric acid at 120° the 3: l-disulphonic acid. 
By the bisulphite method or when heated with 
20 p.c. ammonia at 250°, it is converted into 
^•naphthylarnine-l-sulphonic acid; with dime- 
thylamine at 220° the product is dimethyl-fi- 
naphthylamini'-l-sulphonic acid. Fused with 
caustic alkali, it furnishes 2; I-dihydroxynaph- 
thalcne. 

(vi.) ^-NaphthoI-8-suIphonic acid ([a*] acid 
of liayor’s patents; [)8-] acid of Schultz; and 
Q-acid of Claus and Volz; * croede acid ; Bayer 
or Bumpjf add) is formed as chief product (80 
p.c.) together with the 2: O-disuljihonic acid 
when finely powdered jS-napbthoi is stirred as 
rapully as ])o.s.sihle into twice its weight of 
sulphuric acid cither at 50° or fi0° until, in the 
course of 15 minutes, it is dissolved (Bayer, 
D. R.-P. 18027; 20397; 26231 «; Eng. P. 1225 
of 1881; 2411 of 1883) or during several days 
at a lemjierature not exceeding 20°, the 1- 
sulphonie acid first formed Ixuiig converted 
mainly into the S-sulphomc, mixed only with a 
small amount of the. ()-.sulj)honi<; aeul (Leon- 
liafdt and Schulz, D. K.-P. 33857 ; cf. Bang 
ami Rousftin, D. P. Anm. B. 13709). It occurs 
(15-20 p.c.) in the })i’oduct formed when )9- 
naphtliol IS heated witli twice its weight of 
sulpliurie acid on a wator-bath until dissolved 
(Sch;iffi!r, Annalen, 1869, 152, 296), and in the 
so-called Armstrong acni produced when 
^-na])hthol is heated with monohydrate (I mol.) 
at 100'' (Beyer and Kegel, I). R.-P. 32964 ; Eng. 
P. 7098 of 1884). 

From B-naphthylaminc-S-sulphonk; acid it 
is obtained jmre, eithei by the bisulphite reaction 
(Badische, J>. R.-P. 134401; v. j). 416) or by 
latjling its diazo- coin]iourid with 2 ]).c. sulphuric 
acid (Dahl, i). R.-P. 29084; Eng. P. 7712 of 
1884). 

J*rfparatio7i.-—M^hox\ obtained from ^S-naph- 
tliol by either Bayer's or Leoiihardt’s process it 
can be freed from the accomjianying O-isoinerido 
by (^inverting the sulphonation product into 
calcium salt, filtering the solution while hot, 
and concentrating the filtrate until the G-sul- 
phonalo separates out us a precipitate. About 
foul-iiftbs of the 6-aulphonic acid being removed 
a.s calcium salt, the remainder can be separated 
from the Aiother liquor by conversion into 
neutral (basic) sodium salt, which is either 
eouplci' with the requisite quantity of a diazo¬ 
tised base (as deteriiiiiicd by a preliminary test) 
and the dye salted out, or, less advantageously, 
dried and extracted with 90 p.c. alcohol in which 
sodium ^-naphthoI-G-sulphonato is practically 
insoluble. The filtrate in either case contains 
the sodium fl-naphthol-8-sulpbonate {cf. Bayer, 
l.c. ; D. R.-l’. 30077 ; Eng P. 8495 of 1884). 

Identification .—The acid decomposes into 
/9-naphthol and sulphuric acid when its solution 
is evaporated ; it forms both normal (acid) and 
basic (neutral) salts, which are much more soluble 

^ Claus and Volz assign the constitution [2:8] to 
this acid, but the method employed by them has 
been aliowu to be untrustwortliy {cf. Armstrong, Chem. 
Soc. Proc. 1889, 5, 9; Pfttzinger and Duisberg, Ber. 
1889, 22, 397; Kietzki and Ziibelen, ibid. 454). 

* In this Patent reference Is made to the presence 
of a.tlurd acid in the sulphonation product, but futhou^ 
regarded as a tii-uaphthol derivative ^yer, D. B.-P. 
80077; Eng. P. 8495 c«t 1884) It does not appear to 
liave been identtfled or characterised. 
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in water than the salts of the 6-Bulphonio acid. 
The barium and calcium salts are insoluble in 
absolute alcohol; the lead salt PbA 24 - 2 JH 80 , 
forms rhombohedra; the zinc salt ZnA 2 + 2 H 20 , 
needles; the sodium salt NaA, six-sided scales ; 
the basic disodium salt Na^A-f 2 C 2 H 2 O, de¬ 
liquescent needles from 1)5 p.c. alcohol in which 
it tliaaolves very easily at the boilmg-pomt, 
but only sparingly (1 in 100) at 15® (Badische, 
D. 20700; Claus and Volz, Ber. 1885, 18, 
3155). Unhko its isoinendes, it does not give 
a nitroso-corapound {Gans & Co., 1). R.-P. 
28005; Eng. P. 2209 of 1881). 

Reactions. —It couples with diazotised bases, 
but only very slowly, forming valuable aso-dyes. 
When wanned with dilute nitric acid it yields 
1; Q‘diuitro-^-naphlhol’S-sulphonic acul (crocein 
yellow). On sulphonation with sulphuric acid 
below 50°, it gives 8-n(iphtholA \: 'i-disulphonic 
acid. By the bisulphite reaction or when 
heated with ammonia under pressure it is con¬ 
verted into B-naphthyldimiie-^-sulphonic acid. 
Fused with caustic alkali, it furnishes 1:7- 
dihydroxynaphihahne. 

;8-Napiitholi)I3ulphi)Nic Acids. 

(i.) )3-NaphthoM : O-dlsulphonic acid is men¬ 
tioned by Buclierer (.1. ]»•. Ciiein. 1904, [ii.] 09, 
7:1; ej. Badische, L). R.-P. 117471; Eng. l\ 
1387 of 1900) as furnishing the cifriosponding 
najihthylammo derivative by the biauljihite 
method, but no description of it seems to have 
been published. 

The ethyl etlier has boon obtained by siil- 
phonatmg ^-ethoxynaphthaleno or its 0- 
sulphonyl cliioride m oliloroform solution with 
chlorosulphonic acid (Lapworth, (*heni. Sue. 
Proc. 1895, 11, 51). 

(ii.) )8-Naphtho)-i : 7 disulphonic acid is ob¬ 
tained either fntm sodium ^-naj)hthul-7-8ul- 
phonato by sulfihonation in the cold with 
chlorosulphonic acid (Bayer, J), R.-P. 77590; 
Eng. P. 1003 of 1894; Oressi*! and JCtithe, 
Ber. 1894, 27, 1200), or from ^-naphthylaniine- 
1 : 7-disuIphoiiic acid by the diazo-reaction 
Dressel and Rothc, thid. 1207). 

IderiHficnIion. —The barium salt forms 8|>ar- 
ingly soluble needles; the potassium ^salt 
KjA + l^H-iO, moderately soluble ^irisms; the 
scdium salt, very soluble needles. *ln alkaline 
solution the salts give a pale blue fluorescence. 
It does not couple with diaztitiscd bases. • 

Reactions .—When boiled with 10 p^c. hydro¬ 
chloric acid, it reverts to B-napfUhol-T-sulpltonic 
acid. By digestion witn 25 ii.c. ammdhia 
solution at i80°-200', or by the bisulphite 
reaction it is converted into ^-naphthylamine’ 
1: 7-diaulphonic acid. 

(iii.) /3-Naphthol-3 : 6-disuIpho|}ic acid ()?- 
naphthol • [a • \disulphonic acid ; R-acid) is 
formed as chief product, mixed with some 0 : 8- 
disulphonio acid, when ^-uaphthol is heated 
with 3-4 times its weight of sulphuric acid at 
100'’-110° for 12 hours (Hoohst, J). R.-P. 3229 ; 
Eng. P. 1715 of 1878; Griess, Ber. 1880, 13, 
1956), or at 125°-150° for 6-6 hours (Beyer and 
Kegel, D. R.-P. 33916 ; Eng. P. 7097 of 1884). 
It is said to be the only product when equal 
weights of potassium )3-naphthol-6-8ulphoDate, 
potassium pylbsulphate, and sulphuric acid are 
heated together for 5-6 hours at 160° ^Baum. 

VoL. IV.-I'. 


D. P. Anm. B. 4199; Eng. P. 3623 (prov, spec.) 
of ^883). 

Preparaiton.—Finely powdered 6-iiaphthoI 
is stirred into 4 times its weight 01 sulphuric 
acid without cooling and the product heated 
at 120° with continuous stirring until a sample, 
on the addition of sodium nitrite in excess, no 
longer gives the red colouration chiiracteristio 
of ^-aaphthol-6-sulphonio acid. It is then 
converted through the calcium into the sodium 
salt which from a coneoiitrated solution is 
I precipitated as acid sodium salt by saturation 
j with common salt, 5r in tlio dry state is ex- 
j*6raeted by alcohol to remove 6 : S-disulphonato 
1 or other impurities, R-salt being practically 
I insoluble in this solvent (r/. Uoehst, l.c.). 

I Alternatively, the greater part of the R-acid 
I in the product may be separated as the crystal¬ 
line sodium salt by pouring the sulphonation 
melt into brine, tFie mother liquor retaining 
the 6 : S-salt with the remainder of the R-salt 
(Beyer and Kegel, l.c.). 

Ide/ilijication .—The acid forms silky, de¬ 
liquescent needles, very soluble in water or alco¬ 
hol; the barium salt BaAneedles 
solulile m 12 parts of boiling water, but insoluble 
in alcohol; the sodium salt, aggregates of 
minute needles readily soluble in cold water, 
but only sparingly so in* alcohol or in brine. 
In aqueous solution the salts show a bluish- 
green fluoresconc.e (Griess, l.c.). The readily 
soluble ahimimum salt has been introduced 
as an antisejitic and astringent under the name 
‘Alumnol’ (Uoehst, J>. K.-P. 74209; Eng- P- 
10668 of 1892). 

licaclions .—It couples readily with diazotised 
bases and is an important component of azo> 
dyes. Witli nitrous acid the l-aifro.«o-derivative 
IS formed. By sulphonation with 20 p.c.« 
auhydio-acid, it is converted into ^''^uiphthoU 
3 : 6 : H./n.w/p/iowic acid. Heated with dilute 
(20 21 . 0 .) mineral acids it is not hydrolysed at 
the hoiling-point (c/. Bayer, J). R.-P. 77696), 

I aJthouj|h at higher temjicratures or by means 
I of sodium amalgam in the cold, it reverts to 
\ B-miphl}iol-(i-sulphonic acid (Friedlander and 
I Liicht, Ber. 1893, 26, 3029). By the bisulphite 
reaction or when heatefl with ammonia under 
pre.sHure, it yields ^‘naphthylammc.-^ : d-disul- 
phonic acid. Fused with caustic soda at 220°- 
240®, it gives 2: 'S-dihydroxynaphthahncA-suU 
phonic acid. 

(iv.) j6-Naphthol-3:7-disulpbonio acid ()3- 
)iaphlhol-[b']<iisul 2 >honic acid ; V-acid), formed 
when sodium ^•uaphthol-7-8uiphonate is heated 
either with twice its weight of sulphuric acid 
at 120° for about 12 hours (Cassella, 1). R.-P. 
44079 ; Eng. P. 8265 of 1887), or with 3-4 times 
its weight of the acid on a water-bath (Dressel 
and Kothe, Ber. 1894, 27, 1206), can also be 
obtained by iiartial hydrolysis of ^-iiaphthol- 
1:3: 7-tri8ulphonic acid with 10 p.c. hydro- 
ohlorio acid (Bayer, 1). R.-P. 78569, Eng. P. 
17141 of 1803 ; Dressel and Kothe, /.c.). 

,, Identification .—The barium salt BaA-f 2 jO, 
forms small jirisms soluble in 185 parts of boil¬ 
ing water; the sodium salt Na^A is soluble in 
U>0 parts of 80 p.c. alcohol and very soluble in 
water, the solution showing green fluorescence 
(Cassella, l.c .; Weinberg, lier. 1887, 20, 2911). 

Reactions. —It couples with diazotised bases 
forming azo- dyes. By sulphonation with 25 p.c. 

2 I 
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anhydro* acid at 80®--90® it is converted into j8- 
napnthoUl: 3 : ’J-trisulphonic acid. Heated with 
dilute (20 p.c.) numeral acids it is not hydrolysed 
at the boilinpt'point {cf. Bayer, D. R.-J’. 77606; 
Eng. P. 1063 of 1894), but at higher tempera¬ 
tures regenerates ^-naphihol-T-svlpkonic acid. 
By the bisulphite reaction or when heated with 
26 p.c. ammonia solution at 200® it yields fi- 
naphihylminna-'^ : 1-di-svlphonic acid. Fused 
with caustic alkali it gives 2 : 'l-dihydroxynnph- 
iJujlenc-'Ssvlphonic ucul. 

(v.) jS-Naphthol 4: 7-disulphoDic acid has 
been prepared by boiling dmzotised jS-najdithyl- 
aniine-4: 7-disul])honie acid with w'ater, but its 
salts have not been described. When heati'd 
with aniline and aniline hydrochlonde at 160®- 
170® it is convert^id into dvphcnyl-] : Vt-dianmio- 
^uipkthalcTicS-fiulphontc acid (Bayer, J>. K.-l\ 
77866; Eng. P. J 6780 of J 893). 

(vi.) ;8-Naphthol-4 : B-disulphonic acid (('- 
acid) 18 obtained from jS-na])hthylatnine-4 : 8- 
disulphonic acid by tlie duizo-reaction. The 
calcium salt forms prisms; the sfdution of the 
sodium salt shows blue fluorescence (Cassella, 
1). li.-P. 66997). 

Reactions —In coucentiated solution it 
couples with diazotised bases forming azo- 
dyes. On desuljihonation liy means of zinc-dust 
and boiling dilute caustic soda solution, it 
yields both ^•'luiphtholA- and ^■sulphoinc ocu/a 
(K allo, 1). Jt.-P. 233934). J.hgestion with 
aniline and anilme hydrochloride at. 160®-170 ' 
converts it into diphcmjl-l :\\-dt(imt7Hyiivj}hihd- 
ene-5-sulphonic arid. 

(vii.) )S-Naphthol-5: 7-disulphonic acid has 
been prepared from ^-na])hthylamine-6:7- 
disulplionic acid by the bisnliilnti! method 
(Bucherer, J. pr. Chem. 1904, [ii.] 70, 347; 
{.Badische, 1). R.-P, 134401 ; v. p. 416). No 
description of the acid has been ])ublished. 

(viii.) jS-Naphthol (): H-disulphonic acia 
napJUhol-ly-ldis-ulphonic uetd ; (Jr-acid ; Y-acid 
of some English patents; also known as j3- 
naphthol-[^-]disulphovic acid wdien mixc<l w'lth 
some R-aci(l, cf. Grie.8.s, Bor. IHHO, 13, 1966), is 
formed as chief product when a mixture of fi- 
naphthol citlier wdth 6 parts of suljihurie acid 
at 0° is gradually heafed to 60® in the course 
of 36 hours, or with 4 parts of acid is main¬ 
tained at 60® (luring 48 hours or at 20® during 
8-10 days (Hochst, i). K.-P. 36491 ; Guns and 
Hoffmann, Eng. P. 816 of 1884); or when )S- 
naphthol-8-8ulphoiuc acid, mixed with 3 times 
its weight of sulphuric acid, is either heated 
at 40®-50® during 6-G hours or left at 25® for 8-10 
days (Gans and Holfmann, l.c.). It has been 
prepared from )9-naphthylamine*6:8-disul- 
pTionie acid by the diazo-rcaction (Gans iS: Co., 
1). R.-P. 35019 ; Eng. P. 816 of 1884). 

Preparation. —Finely pow’dored )$-naphthol 
is added slowdy to 3 times its weight of mono¬ 
hydrate, the temperature being kept below 
35® by coolmg and the mixture stirred con¬ 
tinuously at this temperature during many 
hours until a test with a small quantity of water 
no longer gives a precipitate of j8-naphthol. 
Poured into a relatively small volume of water, 
the product is converted through the calcium 
into the potassium salt and the filtrate after 
concentration to a small bulk then rendered 
noid hy hydrochloric acid added in excess to 
achieve separation of the G- constituent as avid 


potassium salt from the more soluble R-salt 
which can be salted out from the filtrate. The 
weight of R-salt isolated is about equal to that 
of the )9-naphthol sulphonated, while that of the 
G-salt IS about 10 p.c. more (cf. Fierz-David, 
Dye Chemistry, p. 34). Or the sulphonation 
product may be purified by taking advantage of 
the fact that G-aeid, like the 8-mono8ulphonic 
acid, couples less readily with diazo- compounds 
than the accompanying Schaffer and R-acids. 
The jirocoss consists in adding to an alkaline 
solution of the sodium salt the quantity of diazo- 
compoiind calculated from a teat, and salting out 
the azo-dye ; the filtrate contains the sodium 
salt of technically pure G-acid (Hochst, l.c.). 

Jdeiihficution .—With the exception of the 
potassium salt whicli dissolves in 2’5 parts of 
boiling water, the salts of pure G-acid are much 
more soluble in water than the corresponding R- 
or ^chaffer salts, the first (incomplete) separa¬ 
tion of G-from R-acid being achieved by frac¬ 
tional crystallisation of the mixed barium salts 
(Gness, l.c.). 

Reactions. —It couples only slowly and in 
concentrated solutions with diazotised bases, 
blit is an important source of azo- dyes. By 
Hiiljihoiialioii willi 20 }).c. anhydro- acid it is 
converted into ^-napWiol-Z : (5: H-trisulphonic 
acid. Heated with dilute (20 p.c.) mineral 
acids, it is not hydrolysed at the boiling-point 
{cf. Buyer, ]>. R..-F.‘ 77596), but at higher 
temperatures or by niean.s of sodium amalgam 
in the cold furnishes ^-aaphfhol-Ci-sulpJamic acid 
(Fnedlander and l.,ucht, Ber. 1893. 26, 3032). 
By th<‘ bisulphite metliod or when heated with 
ammonia under jiressuro, it yields ^-naphthyU 
amine-iy: H-disvljtltovic aciH.. Fused with caustic 
soda at 2o0®-230® it gives 1 : l-diliydroxynaph- 
ihilene-'d-sulphonk acid, but at 2C>0®-320'' 
hydroxytoluic acid (Hochst, 1>. R.-F. 81333). 

j8-NAriiTnoi.TRisriE,i‘HONic Acids. 

(j.) /3-Haphthol-l : 3 : 7-trisuIphonic acid is 
prepared by suljihonating either ^-naphthol-7- 
siilphonic acid or j6-naphthol-3: 7-disulphonic 
acid with 25 p.c. anhydro- acid at 80®-90® 
(Bayer, J). K.-1‘. 78569 ; Eng. V. 17141 of 1893 ; 
Drt'sscl and Kothe, Ber. 1894, 27, 1207). 

fdentijicaiion .—The barium salt is easily 
soluble; thV sodium salt Na^A is very soluble 
in W'ater, but only sparingly so in alcohol, gives 
W’lth f*rri(; chloride a violet colouration and in 
alkaline solution shows a bluish-green fluor¬ 
escence. It does not couple with diazotised 
ba^'s (Dressel and Kothe, l.c.). 

Reactions .—By sulphonation with 40 p.c. 
anhydro-acid at J20°-130° it is converted into 
B-miphihol -\: 3 : 6 : 1-teirasulphonw acid ; when 
boiled with dilute (10 p.c.) mineral acids, it 
reverts to ^•naphthol-Z : l-disulphonic acid. 
Digestion w'ith 25 p.c. ammoma at 190® converts 
it into ^-naphthylamine-l : 3 : T‘trisvlphonic acid. 

(li.) j3-Naphthol-3: 6: 7‘trlsulphonle acid, ob¬ 
tained from )3-naphthylamine-3 : 6: T-trisul- 
phonic, acid by the diazo-rcaction, couples with 
diazotised bases forming azo- dyes (Dressel and 
Kothe, Ber. 1894, 27, 1203). 

(iii.) )3-Naphthol-3: 6: 7-trisulphonIc acid is 
formed either from )S-naphthol-l: 3:6: 7-tetra- 
sulphonic acid by boiling it with ^'ator or dilute 
acids (Bayer, D. R.-P. 78669; Eng. P. 17141 of 
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1893 ; Breasel and Kothe, Ber. 1894, 27, 1209), 
^-naphthylamine-S: 6 : V-trisuIphonio 
acid by the diazo- reaction (Dreesol and Kothe, 
lx.). 

Identificalion .—^The barium salt is gelatinous; 
tho 80 (lium salt NajA, in needles, is less soluble 
t^a its isomerides m water, brine or alcohol, 
gives a violet colouration with ferric chloride, 
and shows in alkaline solution a bluish-green 
fluorescence. 

Reactions .—It couples in alkaline solution 
with diazotised bases forming azo- dyes, but in 
neutral or acid solution coiulnncs with tetrazo- 
dorivatives of the diphenyl senes forming salts 
(Bayer, D. R.-P. 02Ib‘); Eng. P. 8hU5 of im>). 
VVhen heated with 25 p.c. ammonia solution it 
yields ^•na'phihylam.ine-'^-. 0 : '1-iramlphonic acid. 
It is not hydrolysed by diliito acjd.s. Dige.stioii 
with 66 i),c. cau.9tio soda solution at 220°-300'-' 
converts it into 2 : l-dihydroxynaphlhaJcnc-Z : 6- 
disulphonic acid. 

(iv.) ^ Naphthol-.'i : 6 :8 trlsulphonlc acid has; 
been prepared by stirring ^-naphthol with 
4-6^times its weight of 20 p.c. anhydro- acid at \ 
140 -160° until a test gives ivith ammonia a [ 
solution showing a pure gr(‘(‘n fluorcsctuicc, or 
in alkaline solution with diazoti.sed xylidmc fur- ' 
nishes an azo- dye milyaftoi sometnii(“(i\leldola | 
Eng. P. 1864 ol 1870; Hdi-hst, I) R.-P. 220:18; I 
Eng. P. 2544 of 1882); or by heating it with 40 ! 
p.c. anhydro- and at 00"-120'^ (Nietzki, Cliem. 
Zeit. 1891, 15, 296); or by stirring it into :i 
times its weight of moiiohydVate, and, afU r add¬ 
ing an equal W'nght of 40 ]).e. anhydro- and, 
heating the mixture at 125'^ for 2 hours, then 
adding brine to sojiarateout the acid sodium salt 
(Lovin.stnn, Eng. P. 706 of 188:1). Or^-naphthol 
may be replaced by ;9-nai)hthoI-0- or 8-unjno. { 
aulphoiiic iU'id, or ^ naj.hthol-3 : (i- or (i: S di- 
aulphonic ttcid (c/. T.evmab’in, l.c.; Her ISSli, 
IR, 4R2 ; Limpaoli, thid, 72R). 

By Niotzlii’s process a crystalline powder is 
obtained when tho melt is mixed with 3 times 
its weight of ire. This j.s considered to be a 

2 ; 3-anhydride or siillone. In solution it is 
non-Muorescent. and docs not give a colouration 
with ferric chloride. Alkalis convert it into 
salts of the trisulphonic acid, which with ferwe 
cldoride give a violet colouration, and in alkaHne 
solution show a yollowish-greon hsioresceiiee 
(Nietzki, l.c.}. 

Rmclions .—It coujdes with diazotised Jiases 
forming azo- dyes. Desuljihonatcd by sodium 
amalgam in the cold it reverts to B-niiphthol-, 

3 : &-diftulph(mic acid (Bayer, D. E..-P. 255724 ; 
Eng. P. 28172 of 1911) When heated with 
ammonia at 200'’-260‘’ it yields ^-naphlliylatnine -; 
3:8: S-lrisulphonic (Kid. By fusion with caustic i 
alkali at 220‘’-23U'’ it gives a mixture of 1 ; 7- ^ 
dihydroxympUhakne-Z ; H-disulphoitk and 2:3- 
dihydroxympUtJialencS : B-dimlphonic aada. 

j8-Naphtholteteasui,phonic Acid, ' 
)3-Naphthol-l: 3:6:7-tetrasulphonic acid is 

obtained by the sulphonation of (8-naphthol-7- 
sulphonic, or 3 : 7-di8ulphonic, or 1; 3 : 7-tri- 
sulphonic acid with 40 p.c. anhydro- acid at 
120°-130°, but undergoes desulphonation unle.s8 I 
care be taken tojirevent tho solution of the m41t 
in water, so long as it is arid, becoming warm ! 
(Bayer, D. P. Anm. F. R991; Eng. P. 17141 


of 1893; Dressel and Kothe, Ber. 1894. 27 
1203). 

ldcnlificati(yn ,—The barium salt is a very 
sparingly soluble sandy powder; the sodium 
salt NajA is easily soluble in water but insoluble 
in alcohol, and in alkaline solution shows a hluisli- 
green (luorescence. It does not couple with di¬ 
azotised bases. * 

Read ions .—Digestion with 25 p.c. ammonia 
solution at 180" emiverts it vaU>^-mphthylaminc- 
I : 3 : d : 1-klnmilphoiiic (Kid. When' boiled 
with dilute niiiicrnl HL'ids it yields ^■uaphlhol- 
C ; (>: l-irisidphonic acid. 

(.iuLORO-^-NAPUTHOL. 

/K^rw/wo/on/.—Wlienchlunnatecl, ^-naphthol 
furni.shcs l-chloro-^-mvphthol, followed by tho 
ailditive compound,s, dirldoro.^.kcto- and telra- 
chloro-^-JiXtonaphtbnlnic (Zinckc and Keirel. Ber 

1888, 21, :m8). 

1 -Chloro-^-naphthoI, obtained by chlorinating 
^-naplitliol in aeetie acid aolution (Clove, Ber. 
1888, 21, 895), or, better, by the action of hypo- 
chloroii.s aeid in mol. prop, on ^-naphthol dis- 
flolvod 111 alkali (Kalle, I). R.-P. 168824), forms 
moriochnic crystals, m.p. 70°-71°. 

• 

Nll’HOSO-^-NAI’HTilOLS, 

(e. Naphihaquinoneoximes.) 

NiTRO-)9-NAPHT!IOLS. 

(i.) l-NitrO'/S-naphthoI ih produced when 1- 
nitro5*o-^-naphtbol ih oxidised by dilute nitric 
aeid (Stonhouso and droves, Chem. Soc. Trans. 
1877, 32, 51 ; cf. Hewitt and Mitchell, ibid. 
1906, 8!), 1172); or wlicii acetyl-1-nitro-yS-naph- 
I thylammc is boiled w'lth <1 p.c, caustm soda 
j solution (Tziebermann and Jacobson, Annalen, 

I 1882, 211, 46); or when a-nitronaplithalcno is 
I heated at willi 20 times its weiglit of 

I puivensed caustic soda (Wolil, D. R.-P. 116790 ; 
\rf. Wohl and Auc, Ber. 1901, 34, 2444). It 
I forms yellow needles, m.p. 103" ; its .sodium salt, 
red needles ; ethyl ether, yellow needles, m.p. 
103°-104° (Wittkampf, IW. 1884, 17, 394), and 
ardatp, colourless needles, m.p. 01° (Botteher. 
Ber. 1883, 16, 1938). 

(ii.) 4-liltro-S-naphthoI, obtained from 2: 4- 
diiiitro-o-naphthylamine by heating the derived 
1-diazo-2-oxide with powdered aluminium and 
alcohol, forms yellow needles, m.p. 120", is much 
loss easily alkylated than j8-naphthol and couples 
more slowly with diazdtised bases (Morgan and 
Evens, Chem. fjoe. Trans. ]5)9, J15, 1132; 
Morgan and Bnt. Dyestufls Corp., Brit. ?• 
162437). 

(iii.) 6-Nitro-fi-naphthol, prepared from 5- 
iiitro-;3.naphthylamiiie by the diazo- reaction, 
crystallises from water in yellow needles, m.p. 
147°. The salts are reddish-yellow and easify 
soluble: the ethyl ether forms yellow needles, 
m.p. 116" (Eriedlander and Bzymanski, Ber, 
1892, 25, 2079). 

(iv.) 8-Nltro-^-naphthol, obtained from the 
ethyl ether by hydrolysis with hydrocMoric acid 
at 160° ((Jaess, J. pr. Chem. 1891, [ii.] 44,614), or 
from 8-nitro-;9-naphthylamine by tho diazo- re¬ 
action (Friedliinder and Szymanski, Ber, 1892 
25, 2082), forms deep yellow needles, m.p. 144°I 
145°. The ethyl ether, prepared by nitration of 
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p-ethoxynaphthalone, forms long golden-yellow 
needles, m.p. 72®~73° {Gacss, J. pr. Chem. 1831, 
[ii.] 43, 26), and’the acetate^ needles, m.p. 101°- 
102° (Gaess, ibid. 1892, [ii.] 46, GJ6). 

Diniteo-jS-naphthol. 

1 : 0-Dinitro-^-naphthol is formed from 
naphthol by nitration m tilooholic solution 
(Wallach ami Wichelhana, Ber. 1870,3, 84(1), or 
by means of nitrous fumes*in cold etheieal 
solution (Selirnidt, Bor. IIMK), 33, 324()}; ot by 
boiling diazotiaed )3-na])h6iylaminc with dilute 
nitric acid (Graobe and Brews, Ber. 1884, 17, 
1170), or by allowing a solution of 1-nitro-l- 
bromo-2-ketodihydronaplithalonc in acetic acid 
to remain in the cold for some days (Fncs, 
Annalcn, 1912, 389, 317). 

Proftcrtirs .—It eiystalhsi's in yellow nei'dh's, 
m.p. 195°; the potassium sjflt KA-l 2H_,0, in 
sparingly soluble needles; and the cthj/l cl/icr, 
in yellow needles, m.]). 144" (Gaess, d. ]>r. (3ieni. 
1891, [li.] 43, 29). It dyes wool and .silk yellow. 
When heated with alcoholic ammonia at 160°- 
l()0°,it yields 1 •J}-dinii7o-^-miphthi/l<iunnc{Kehi‘' 
mann and Matis, Ber. 1898, 31, 241i>). 

The 8-sulphonic aci<l {croinn prllow) is 
produced by warmpig sodium ^-naphthol-8- 
sul])honate with dilute lutrio acid at 30“-40° 
until nitration is comploti^ (Bayer, 1>. K.-l*. 
18027; Eng. P. 1226 of IHHl ; Nict/.lu and 
Ziibelen, Ber. 1889, 22, 454). The polassium 
salt KA forma yellow needles, and the haste 
polassiutn salt K^A, sparingly .soluble, yellow 
scales. It dyes wool yellow, hut has liUle i 
tinctorial power. 

YII. Aminohyukoxy- Dekivatives. 

Introductonj .—All the fourteen isomeric 
aminonaphthols, the oxisteneo of which is 
deducible from the naplithalono formula, have 
been prepared and are obtained by i^ethods 
that usually afford evidence of their structure. 
Summarised, those methods are— ! 

(1) Reduction of the corresponding nitro- ' 

najihthols; *■ 

(2) Reduction of nitroao* or azo- derivatives 
of a- or fi-naphthol; 

(3) Fusion of a- or /?-naphthyIamincmono- 
Bulphonic acids with caustic alkali, a-naphthyl- 
amine-4-Bulphomc acid Ixung an cxcejitioii, as 
it furnishes a-naphthol-4-sulphonic acid undei' 
these conditions; 

(4) Fusion of naplitholmonosulphonic acids 
with sodamido; 

(5) Interaction of dihydroxyiiaiihthalenes 
with ammonia, or with ammonium bisulphite 
and ammonia. 

The sodaiuide reaction, although the only 
method for tho direct conversion of naphthol- 
monosulphonic acids into aminonaphthols, fur¬ 
nishes but two examples of this replacement 
of the SO3H by the NHj radicle—-m. the con¬ 
version of a-naphthol-5- and 8-sulphonic acid 
into 6-amino- and 8-auiino-a-naphthoi respec¬ 
tively. From the two naphthols, 5-amino-a- 
aiid 6-amiiio-j8-naphthol are obtained, and 6- 
amino-jS-naphthol is also the product when )3- 
naphthol-6-* 7-,^ or 8 suljihonic acid is fused with 

* p-fraphthol-7-suli)horii« acid yieids both 7-amiDo- 
sad d-amlao'/S'iiuphthol (Sachs, l.c.). 


sodamide owing to ;5-naphthol being formed at 

r'AoH ^ AAoH 


vv 


H.,N 


V 






an intermediate stage in the reaction (Sachs, 
Jier. 1908, 39, 3010). 

1'he aminonaphlhols are basic compounds 
forming salts with acids ; hut, nevertheless, dis¬ 
solve readily in alkalis. In solution, or in the 
moi.st state, they are readily oxidised in the air, 
and those which contain the radicles relatively 
in 1 : 2- or 1 :4- positions form naphthaquinones 
on oxidation with feme chloride, chromic acid, 
or nitrous acid in acid solution. 

By comlensation with certain acyl chlorides— 
benzoyl (chloride and its chloro-, dichh ro , nitro-, 
and chlorundro- derivatives; salicylsulphonyl 
chloride; 2-hydroxy-3-naphthoyl chlonde—a 
senes of compounds has been obtained, chiefly 
fiom l-amino-7-naphthol, for use m tho pro- 
iluctioii of azo- dyes— 

CO.H 

Nli-(JO<:>EO, WH-SOX->Gn 

HoAA IIoA'^ 


vv 


I 




II 


NH—(X)|AA 
hoAA^ ’^'*VV 


The siib.stituied benzoyl di'nvativcs of 1-amino- 
7-iiaphthol (J) arc crystalline, have definite 
m.ps. and couple in alkaline solution (Badischc, 
B.K.-P. 283742, 290991, 297414; Eng. 1\ 13456 
of 1914; 8968 of 1915). On reduction with 
sodium bisulphite, the mtrobonzoyl derivatives 
furnish sulphumino- compounds which not only 
coujilc but, by elimination of the SO3H radicle 
on treatment with nitrous acid in the cold, can 
be dinzotised (Bayer, 1). K.-P. 233117). 

The salicylsuipharnino- derivatives of 1- 
amino-7-iiaphtho!, m.p. 257°-258° (II), and 
2-;j.niino-7-naphtho!, m.p. 217°-218°, couple 
easily with diazotised bases (Bayer, I). R.-P. 
274081, 27P3J ; Eng. P. 3790 of 1914). 

Substituted amides of 2-l)ydroxy-3-naplithoic 
acid (in) have been obtained from all tho amino- 
naphthols except the 1:2-, 2: 3- and 1: 8- 
isomcrides ; they are taken up by unmordanted 
cotton and can be coupled with para- red on the 
lil)'re (Bayer, D. R.-P. 284997). 





Aminonaphthols. ^ 

(i.) l-Amino-2.naphthol (1-amtno- 
^■paphihol}in formed when l-nitroso- 
^-naphthol is reduced by ammonium 
sulplude (StenhouBO and Groves, 


^ lu this sectiou, which includes tho audnouaph- 
thols, amiDOuaphtholsulphonic acids, and dlamino- 
naphthcls, a departure Is made from the rule that the 
iiuiubcrliig indicates the position occupied by the 
substituted groiip (Nfla) relatively to the characteristic 
racilrlc (OH) ot the substance (naphtliol) In which 
Bubstltutlon ia supposed by the name (aminonaphthol) 
to have occurred. This departure has been made to 
av5id confusion when German Patents, In which the 
numbering is given with relerence to*the amino-group, 
are consulted. The alternative numbering, based on 
tlie rule, is given In biackete. 
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Chem. Soo, Trans. 1877, 32, 62), or by stannous 
ohloride (Groves, ibid. 1884, 46, 296 ; Paul, 
Z. angew. Chem. 1897, 10, 48); or when i-nitro- 
^-naphthol is reduced by tin and hydrochloric 
acid {Jacobson, Ber. J881, 14, 806; Zinckc, 
Annalen, 1892, 268, 273). 

Preferably, it is obtained when benzeneazo- 
j8-napUthol (Liebermann, Bor. 1883, 16, 286; 
Groves, Lc..), orange II (Liebermann, Ber. 1881, 
14, 1311; Witt, Ber. 1888, 21, 3472; (Jrand- 
moiigin and Michel, Bor. 1802, 25, 081; Kiissig, 
d. pr. Chem. lOOO, [ii.| (52, 55; J^iul, Lc. 24), 
or other azo- derivatives of ^S-naphtliol are 
reduced either by stannous chloride and hydro¬ 
chloric acid or (Giandmougin, Ber. 100(5, 30, 
2495) by sodium hypo(hydro)8ulphito. Its pro¬ 
duction electrolytieally from Orange II has been 
described {Boohringerj J). H.-W 121835 ; Kng. P. 
13542 of 1900), and it can be obtained from its 
4-8ulphonio acid by means of sodium amalgam 
(Friedlander and Reinbardl., Ber. IK04, 27, 24J). ; 

Proiicrties .—It forms scales, s})arnigly soluble 
in boiling water, an<l in alkaline or aminoniacal 
solution rapidly becomes brown on exposure 
to air. Tbo hydrothlontJi 1MB3 forms needles 
(Jacobson, lc.)x H-acvhil derivative^ scales,' 
m.p. 235" (Mieb<‘5 and (rian<lmougin, Ber. 1802. i 
25, 3433); diac.tyl derivative, m.p. IK)*^ i 
(Grandmoiigin, l.c.) ; dihnizoyl derivaiivc, silky : 
needles, m.j). 235-5 (Sachs, Ber 100(5, 30, 3024); : 
and ethyl ether, prisms, m.p. 5! b.p. 300"-302® j 
(Cassella, D. V. Anm. 0. 2883; (xaess, J. pr. 
Chem. 1891, fii.] 43, 27 ; Paul, Z. angew. Chem. 
1896, 9, 620). 

lieaction,.-i. —It couples in acetic acid solution 
with diazotised bases forming azo- dyes 
(Aktienges., 1). H.-P. 77250; Kng. P. J3833 of 
1893). With nitrous acid in the prcsorico of 
mineral acids diazotisation does not occur, 
although in neutral solution with copper salts 
present, naphth(ilcne-l-duiz(>''2-<>x)de is obtaineiJ 
(V. p. 418). By ferric chlorido and other 
acid oxidising agents, it is converted into 
tiaphthnqu%none {cf. (irandrnougin and Miehol, 
Lc., 982). 

(ii.) l-Amino-3-naphthoP {■Uimino-^-mph- 
tlioi) is formed when a*na.phthylamine-3-8ul- 
phomc acid is fused with caustic potash at 
250^-260® (Friedlander, Ber. 18!)5, 28. 195^) or 
4-nitro-)3-naphthol is reduced by tip^and hydro¬ 
chloric acid (Morgan and Kvens, Ohem. Soc. 
Trans. 1919, 115, 1133). 

Properties. —It crystallises in needlfti, de¬ 
comp. at 185°, is sparingly soluble in water, gives 
a violet-brown colouration with feme chloride, 
and yields easily soluble salts. The N-ac*/yZ 
derivative forms needles, m.p. 179° (Friedlander, 
l.c ) ; the dibenzoyl derivative scales, m.p. 309°- 
310° (Sachs, Ber. 1906, 39, 3024). 

Reactions. —^It couples readily i^th chazotised 
bases and with nitrons acid gives an unstable 
diazO‘ compound. By pr^onged boihng with 
acidified water, 1 : ‘^-dihudroitynaphilialene is 
formed. When heated with aqueous ammonia, ; 
it is converted into 1: ‘-i^diaminonaphthakne. On \ 
sulphonation with monohydrato at the ordinary j 
temperature, it yields l-ammo-S-naphlkolA-sul- 
phonic acid, \ 

^ The ‘ ay-amlnonaphthol ’ obtained from I 
naphthylaiuine by nitration, diazotisation and reduc- I 
tlon (Geseltech., d . B.-P. 5&059), was probably a mixture i 
of l-amIno-6* and l-amlno-7-naphthol (<•/. I'rledl&nder i 
and Szymanski, Ber. 1892, 25,2076). ' 


(iii.) J •Aniino-4-naphtliol (4-awwwo-o-wap/i- 
Ihol) can be prepared from 4-mtro8o-a'naphthol 
(Grandmougin and Michel, Ber 1892, 25, 976 ); 

: or from 4-nitro-a-naphthol (Liebermann and 
I Dittler, Annalen, 1876, 183, 247); or from 
j a-naphthol-orange (Liebermann and Jacobson, 
i Annalen. 1882, 211, 61; Seidel, Ber. 1892, 26, 
j 423 ; Russig. J. pr. (^lom. 1900, [ii.762, 30) or 
other pum-azo- derivatives of a-naphthol, by 
reduction with stannous chloride and hydro 
chloric acid. Jt fs also formed when 4 -amino-a- 
naj)htlioI- 2 -earboxy]ij acid is heated at 230°, 
carbon dioxide Ixung eliminated (Kietzki and 
Guitennann, ]5ei-. 1887, 20 , 1276). 

PropcrtA.es. —It crystallises in very soluble 
needles, which, when moist, rapidly become blue 
on exposure to the air; its salts are easily 
soluble. The'H-formyl derivative forms rosettes, 
m.p. 1(58° ((Laess, ]>. R.-l*. 149022); thoN-aedy^ 
derivative, ery.stai.s, m.p. 178° (Kehrmann and 
Kissine, Ber. 1914. 47, 3098); the diaedyV da- 
rival ivo, prisms, m.p. 158 " (Grandmougin and 
Michel,/.r,); the dduvzoyl derivative, rhombic 
cry.stals. m.p. 215° (.Saelis, Ber. 1906, 39, 3026); 
till' ^-diiHcthyl d(‘rivaiiv(', pri.sms, m.p. 113° 
(J^'riedlandcr and Lagodzinski, f/. J. Soc. Chem. 
liid. 1897, 16, 793) ; and the ether, needles, 
m p. 9(5° (llecrinanii, J. pn ("hem. 1892, [ii.] 45, 
545 ; /•/. (’assella, 1 ). 1 \ Anm (I 2883). 

Reactions. — Oxidising agents, including 
nitrous acid (c/. Badisclie, J). R.-l>. 66404) con¬ 
vert it into \a.-^n<fp}ilha<iu,ihOi\e. Jt does not 
couple with diazotised bases. Its hydroehlorido 
when heated with methyl or ethyl alcohol under 
^ pressure at J70°-180° forms t\w moncxdhjl ether 
I of 1 : ^-dikydroxyiKTidilhalene. On sulphonation 
I with 10 p.e. anhydro- aeicl at 30°-40'^ it gives 
j \--<iAnino-^-)inphlh()l-'^‘Svlph(>iiic acid. 
t 1 • A e e t y 1 a m 1 n o-4-n a p h t h ol {twpkthacciol)* 

obtained by acotylating the hydrochloride in 
presence of sodium acetate (Witt, J). R.-P. 
,9(>59(5; Kng. V. 2(m76 of J896; Witt and 
I Dedicluui, Ber. 1896, 29, 2948) or by shakmg 
; diacet_}d-l-amino-4-naphthoJ with caustic soda 
' solution (Kelirmann and Ki. 9 .sine, Bor. 1914, 47, 
3097) ■forms needles, m.p. 187° (W. and J).), 

I 178° (K. and K.), modocately soluble in warm 
water, and couples in alkaline solution with 
; diazotised bases, giving ortho-uzo- dyes. The 
clhyt ether (naphthacetin) forms needles, 
m.]). 189°, almo.st insolubie in water but soluble 
I in 7’4 parts of boiling alcohol (Henriques, Ber. 
•1892, 25, 3060 ; Heermann, l.c.). 

(iv.) l'AininO'5-naphthol {5-amim-a-vaph- 
thol) can bo obtained from a-naphthylamine- 6 - 
sulphonic acid by digestion wil h (50 p.c. caustic 
soda solution at 240°-250° (Aktienges., D. R.-#-. 
49448 ; cf. Friedlander and Lagodzinski, J. Soc. 
Chem. ind. 1897, 16, 793); or from 1 : 6 -di- 
aminonaphthaleno cither by digestion with 
dilute mineral acids under pressure {(/.Aktienges., 
1). P. Anm. A. 4029), or, in 80 p.c. yield, by the 
bisulphite method (Bucherer, J. pr. Ohem. 1904, 
[ji.] 69, 84 ; v. p. 416). Jt is also formed from 
a-naphthol, or from a-naphthol-5-8ulphonio aci(i 
by fusion witli sodarnide and naphthalene at 
190° or 230° respectively (Sachs, I). R.-P, 
173522, 181333; Eng. P. 22412 of 1906: Ber. 
1906, 39, 3018). 

Properties. —In alkaline solution it undergo^ 
little change on exposure to the air. The hydro¬ 
chloride is crystalline, the dibenzoyl derivative 
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forms rhombic scales, m.p. 270° (Sachs, Lc.), [ 
and the }^-dimeikyl derivative, hexagonal tablets, | 
m.p. 112° (Gca^ilsch., D, K.-P. 60142; Fuss- 
ganger, Per. 1802, 25, 970). 

Rfii/ctioius. —It can he djazotised {cf. Bayer, 
JD. R.-P. 79100) and it couples in acid or alkaline 
solution with iazotisod bases forming ntonoazo- 
dyes. The. azo- clyo obtained by lioupling it 
with diazotised a'naphthylamine-4-8ulj)honic 
acid is not red, as is the case with its isoineiKles, 
but comftower-bluc in colour (Sachs, lx.). By 
prolonged heating with 4^p.c. hydrocliloric acid 
at 180° or by the bisuljdiiie method 1 : 5-f/v 
hi/droxyf)/iphth<il/HI’ is obtained; but 1:5- 
dtarninonaphlJidlcnc is th(! product if in the 
latter process ammonium bisulphite is used 
instead of the sodium salt. With sulphuric acid 
in the cold it gives 

jihomc arid, hut with 2.‘1 j).c. anhydro- acid at 
100 ” a disvljdiouic acid. • 

•(v.) l-Amino-(5-naphthol [H-avn'tw-^-'naph- 
Ihol) is formed when 5 -nitro-^-naphthol is reduced 
by Btaiinous chloiide and hydrochloric acid i 
(fi^ricdlandcr and K'/ymanski, Bor. 1892, 25, ' 
2079); or Avhon a-naphthylamine-toHubihonic | 
acid IS fused with caustic alkali (Bayer, D. ; 

74000; Eng. \\ JlSSil of 1892); or when I- '. 
amiiio-l)-naphtliol.4-?<ul]dionic acid interacts , 
Avith sodium amalgam (Fricdlandcr and Ki<‘l- j 
basinski, Ber. 189(), 29, 1979). It is also formed | 
when j9-na])htiiol, or |S*na}>hthol-()- or H-sul- | 
phimic acid is heated with Hodami<le and naph- i 
thalene at 2:i0° (Sachs, I). R.-l\ 179522. 181999 ; 
Kng. P. 22412 of 1905; Bcr. 1<M)(>, 99, 9010). 

Properties. —It crystallises in scales, m.p. 
180°, shows blue lluoroscence in ammoniacal 
solution, rapidly darkens when moi.st on exposure 
to the air, and with feme chloride gives a daik 
violet cobmratioii. The N-arcfj/l derivative 
forms needles, m.p. 2I.5°-2J0° (Kehrmann and 
Dealt, Her. 1900, 93, 3290; Sachs. Ber. 1900, 
99, 9025); the diarriijl derivative, m.p. 187” ; 
the 'H-hmzoyl derivative, needles, m.p. 152°; 
the dihrnzoyl derivative, needles, m.]). 229” ; the 
picratc, yellow needles, m.p. 189” (Sachs, l.c.). 

Rractiovs .—It can b(‘ diazotised (Sachs, lx.), 
and it couples in agetic acid or in alkahne 
solution with diazotised bases (1 or 2 mols.) 
forming azo- dyes. 

(vi.) l-Amlno-7'naphlhol {S-amino-^-ixjph- 
iiiol) is obtained from 8 -nitro-)S-na})htliol by 
reduction wuth stannous chloride and hydro¬ 
chloric acid (Fricdlander and Szymanski, Bcr. 
1892, 25, 2082); or from a-naphthyJ«miiie-7- 
Bulphonic acid by digestion with 00 p c. caustic 
soda solution at 250° (Cassella, J). R.-P. 094.58 ; 
^Medlandcr and Zinbcrg, Ber. 1890, 29, 41). 

Properties. —It crystallises from water in 
needles, m.p. 200° (Kehrmann and P^ngedke, 
Ber. 1909, 42, 351 ; Cassella, l.c.), gives with 
ferric chloride a greenish-blue colouration, and 
in acid or alkaline solution shows blue fluor¬ 
escence. The '^•acetyl derivative forms tablets, 
m.p. 106° (PYicdlander and Zmberg, lx.); the 
N- 6 enzoy/ derivative, crystals, m.p. 208°-209° 
(Badische, D. R.-P. 290991); the dilmizoyl 
derivative, needles, m.p. 208° (Sach^, Bcr. 1900, 
39, 3020); and the ethyl ether, prisms, m.p. 07°, 
b.p. 315° (Gaess, J. pr. Chem. 1891, [ii.] 43, 28). 
For substituted N-aci/i derivatives used in the 
production of azo- dyes, v. p. 484. 

Reactions .—It can be ^azotised, and it 


couples in acetic acid or in alkaline solution 
with diazotised bases (1 or 2 mols.) forming azo- 
dyes. With sulphuric acid at 20°-30°, it yields 
l-amino-l-mphthol-i^Pj-sulphonic acid, and at 
100 °, or with anhydro- acid, a disulphonic acid. 

(vii.) l-Amino-8-naphthol {S-amino-a-naph- 
thol) can be jircpared by fusing a-naphthylamino- 
8 - 8 ulphonic acid with caustic alkali at 230°--240° 
(Badische, J). R.-P. 56404, 02289 ; Eng. P. 9676 
id 1890; P'lchter and Gaceur, Ber. 1900, 39, 
3991); or from 1 ; H-diaminonaphihalcne either 
by heating it with dilute mineral acids under 
jireasiire {rf. Aktienges., I). P. Anm. A. 4029), 
or by the bisul]>hite method (Bueherer, J. pr. 
Chem. 1904, |ii.] 09, 58; v. p. 410); or by digest¬ 
ing 1 : H-(liaminonaphthalene-4-aulplionic acid 
with 25 p.c. Buljihnric acid, or l-amino- 8 - 
iiaj)htbol-5*8ulplioiiie acid with 20 p.e. sulphuric 
ackl under pressure at I35°-'140° (Cassella, 
i 1). R.-P. 739HJ). It IS also formed when o- 
! naphthol- 8 -siiIphonic acid is heated with 
' sodamidc and naphthalene at 290” (yachs, 

I J). R.-P. 179522; Eng. P. 22412 of 1905; Ber. 

I I90<), 90, 9018). 

I Properties. — It crystallises in needles, m.j^. 

95°-97IS only sparingly soluble in cold, and 
its sulpJaUe in hot water (Badische, l.c. ; rf. 
lYicdlandcr and Silberstern, Monatsh. 1902, 23, 
510). 'J'be }i-aeetyl derivative forms needles, 
m.p. )(i8”-109°, and coujfles with diazotised 
bast's: the diuet lyl derivative, needles, m.p. 
118.5°; the 'N-hcnzoi/l derivative, needles, 
m.p. 199°-194° (Fichter and Gageiir, /.r.); the 
^i-dtmelhifl derivative, hexagonal tablets, m.p. 
112° (Gcsellscli., D. R.-P. 50142). 

Reactiiy>is.~\t can be diazotised in dilute 
solutmn, but. in concentrated solution with excess 
of nilritt' yields also an H-a7nivo-[^-]'naphtha- 
qitmoneoxwie in green needles (Fichter and 
Gugeiir, l.c .; ej. Jhidisohe, D. R.-P. 02289). In 
alkaliiHs solution it ctuijiles with diazotised bases 
forming azo- dyes. Its Hul])hite, l-armwo- 8 - 
miphthyl srilphilv, formed by boiling it w-ith 
sodium biHuliihite sedation (Jiucherer, J. pr. 
Cdiem. 1904, [ii.] 09, 01), can also be diazotised, 
and has been used for tlic production of azo- 
dven (Badische, I>. R.-P. 120000; Eng. P. 
i;i004 of 1900; Bayer, D.R.-P. 211381). With 
75 . 1 ).c. suljdnirie acid at 130°-100°, it gives 1- 
amino-H-nei'iditholl-Mdphoinc acid, but with 
sulphuric acid at 15”-20° a mixture of this acid 
with the H-snlphomc acid as chief product end 
at 10 b° the 6 : 7-disttlphvriic acid. 

(viii.) 2-Amino-l-naphthol {2-amino-a-naph- 
thol) is obtained by reducing 2 -nitro 8 o-a-naphthol 
with stannous chloride (Liebcrmann and Jacob¬ 
son, Annalen, 1882, 211, 55 ; Grandmougin and 
Michel, Ber. 1892, 25, 974); or 2-nitro-a- 
naphthol with tin and hydrochloric acid (Lieber- 
mann and Dittlcr, Annalen, 1870, 183, 248); 
or [^-jnaphthaqumoneplienylhydrazone with 
sodium hypo(hydro^ulphite (Grandmougin, Ber. 
1900, 39, 2490; ef. Zincke and Rathgen, Ber. 
1880, 19, 2483). It is also formed from 2- 
ammo-l-naphthol-3- or 5-8ulphonic acid by 
interaction with sodium amalgam (Gattermann 
and Schulze, Ber. 1897, 30, 61). 

Properties. —It crystallises in needles, and is 
only sparingly soluble in cold w ater. When dis¬ 
solved in ammonia and shaken ^ith air it gives 
a green solution, on the surface of which a 
characteristic violet skin forme (Liebermann and 
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Jacobson, l.c.). The derivative forms 

needles, m.p. 128°-129'^, and couples with 
diazotised bases; the diacetyl derivative, needles, 
m.p. 116® (Grandmougin, l.c.); the ethers can be 
diazotised (Grandmougin and Michel, l.c.). 

Reactions .—Nitrous acid oxidises it to 
{^'^naphlhaquinone (Michel and Grandmougin, 
ibid. 3430), but in presence of copper .salts 
converts it in neutral solution into rMphthaleiie- 
2-diazo-\-oxide {v. p. 41S). On Hulplionation 
with 10 p.c. anhydro-acirl at 40 '-50" it furnishes 
a momsulphontc acid, which is either the 4- or 
the .5-derivative (Sandoz, 0. R-I*. «iP22K; 
Ueverdin and (h la Harpe, lier. 1803, 26. 1281), 
(ix.) 2-Amino-3-naphthoI (‘.i-atnmo-P-'/iaph- 
ihol) 18 formed from 2 : 3-dih\droxytiaphtha!ene 
cither by heating it with ,30 ji.e. ammonia solu¬ 
tion under prosHure aX i40''-1.5(l'’ (Hoelist, 
I). R.-R. 7307(>; li'nedlamler an<l Zakrzewski, 
Bor. 1804, 27, 763), or l>v the hisiilp)iit<‘ roai-tiun 
(Badischc, J). R-I*. 117471 ; Eng. R. 1387 of 
1900; V. p. 416). It erystaHise.s in needles, 
m.p. 234'\ sparingly soluhie in cold water. an<l 
its ^-henzoi/l deiivativi* in hexagonal .scales, 
m.p. 233-ry' (Saihs, Ber. 1006, 30, 3024). By 
coupling it 111 alkaline solution vitli diay.otisrd 
bases, disazo- dyes hav(! been obtained {cf. Bayer, 
J>. R.-R. 00468 ; Rng. R. 28000 ol 1807). 

(x.) 2-AminO-4-naphthol {‘.i-aKimn-a-naifh- 
ihol) has hetui prepared by boating I : 3-dihy- 
droxynaphthalciie w itli ammonia under jiiessuie 
at 130'^-I40'’ Its hydioehluridi is sjiaiiiigly 
soluble: its N-p/ww// derivative forms needles, 
ami is r.ijudly oxidised m alkaline solution to 
[a-^mphlha'jiiiiiAynnivin}. 'PIk' azo- dyes deuved 
from it resemble elosely those from 1 amino-3- 
naphthol (Fnediandor and Rudt, Bor. 1806, 20, 
1612). 

(xi.) 2-Amino-5-naphthol {iUmnno-aimph- 
thol) can be obtained from )?-riapliibyIan)ine-r>- 
Bulphonic acid by fu.sion with caustic potash at 
260®-270'^ but no description of it has been 
published. On sulphonation it yields a mixture 
of two rnonosulphnitc aeid-s, of winch the less 
soluble constilut('s 30 p.c. of the product {Bayer, 
D. R. Anra. R 7372; Kng. R. ,5267 of 1804'). 

(xii.) 2-Amino-6-naphthol (i^-aimwi-^-naph- 
ihol), obtained from 2-auiino-6-nap)ithoI-4v'ul- 
phonic acid by means of sodium amalgam, 
crystallisoH in sr^alcs, m.p. J00®-R.ir>“ (daoehui, 
Annalen, 1002. 323, 127), its dihenzoyl deriva¬ 
tive, in needles, m.p. 233‘5‘' (Bachs, Ber. 1(K)6, 
30, ^125); ami its ethi/l. ether iii pyramirfs, m.p.- 
90®--9J°, b.p. 330® (Gaoss, J. pr. Chein. 1801, jii.J t 
43, 48). It gives colour reactions with ferric 
chloride and many »<xidising agents (Bachs, 
l.c. 3028) and couples in alkaline solution with 
diazotised o-ammophenolsulphonie ae-ids form¬ 
ing dyes (Bayer, D. R.-P. 164516 ; Eng. 

P. 18569 of 1002). • 

(xiii.) 2-Amino-7-naphthol {1-amino-^-mph- 
thol) 18 formed from /?-naphth}damino-7-sul- 
phonic acid by digestion with 50 p.c. caustic 
soda solution at 260®-:^00® (fiesellsch., J). R.-R. 
47816); or from 2 : 7-diaminoriaphthaleno by 
the bisulphite reaction (Badisclic, D. R.-R. 
134401 ; V. p. 416); or from 2 : 7-dihydroxy- 
naphthalene either by heating it with ammonia 
under pressure {ef. Gesollsch., D. R.-R. 55050), 
or by the bisu^hite method (Franzen and Hdibel, 
J. pr. Chem. 1908, [ii.l 78, 155). It is also 
obtained, mixed with l-amino-6*naphtho^(Saoh8, 


Ber. 1906, 39, 3017), when ;8-naphthol-7-8ul- 
phonic acid is heated with sodamide and naph¬ 
thalene at 230® (Sachs, D. R.-R. 173522 ; Eng. P, 
22412 of 1905). 

Properties.—It crystallises in needles, m.p. 
201 ® (Franzen and Heibel, l.c., cf. Cfosellsch., l.c.), 
and is sparingly soluble in water. The N-acetyl 
derivative forms scales, m.ji. 220® fKehrmann 
and Wolff, B(U‘. 1900, 33, 1538); the dibenzoyl 
derivative, needles, m.p. 187*5" (Baehs, l.c.); 
tlic N-plienyl d¥*rivative, needles, m.p. 160® 
(Kalle, I). R.-R. (i(ll03 ; Fisclier and Bchiitte, 
Her. 189.3, 26, 3087); the ^-•iedicyhnlphamino- 
derivative, neodh'.s, m.p. 2]7®-2]8® (Bayer, 
1). R..P. 276.3.31). 

Ucaitiov '-.—It can be diazotised {cf. Bayer, 
1). R.-R. 76166), and it couples in acid or in 
! alkaline solution with diazotised bases forming 
uco- dyes (</. (^assell.i., 1). R.-l'. 71329). By the 
bisiilphit** metlio»i it yicld.s 2:'J-diaminonaph- 
(habnr. With .siilphiine acid at 30®, it gives 
2-(i/niiM-7-Nnp/il/ii/l-‘,i: {i-dfadphoiuc and. 

'Die 1 11 m e t li y 1 a m m o n i u m c h 1 o r i d e, 
obtained by Iie.atmg the amimuiaphthol in alka¬ 
line alcoholic solution with methyl chloride under 
pn\ssure at 110®, conph's with diazotised bases 
forming azo- dyes ((feigy, 1). R...R. 90310). 

(XIV } 2-Amino-H-naphihol il-amino-a.-naph- 
thol), obtaimal (utlier by fusing /^-najilithylamine- 
8 -sulphonic acid with caustic alkali at 260®-270® 
(Bayer, I). R. Anm. F. 7335; Eng. R. 5148 of 
1894), (>i by heating I : 7-dihydroxy-)3-na])hthoio 
acid with ammonia at 170®-I80® (Friodinnder 
and Zinherg, Ber. 1896, 29, 40), crystallises in 
scales, m.p. J58® (Bayer, l.c.), and its i^-acetyl 
(lonvative in niH'dles, m.p. 2JO®-211® (Fried- 
iander and Zmheig, l.c.). 

Hetidutm .—It couples in acetic acid or in 
ulkahne .solution w’lth diazotiHod bases forming* 
azo- dyes (Jiaycr, J). R.-R. 220.532; hVicdlUnder 
and Zinlierg, /.r.). With suljihurie acid ut 20®- 
30”, it yields a mixture <jf the ‘ V ’ and ‘ Sch.’ 
2-nmnw->^-mphlholmx)mmd-phonic acid.s, in about 
equal amount. 

AminoNA rm’HOLSULPiTONio Aoros. 

Introducloiy .—Aimnonajihtholsuljihonicacids 
came into use as c»>mj)(>noui8 of azo- dyes 
about Uio year 1889 {cf. Gassella, 1). R.-R. 
5.5024, 55648 ; Eng. R. 16699 of 1889), wlien the 
(liseovery was made that certain of them have 
the ju’operty of forming two senes of the.se dyes, 
tmetorially as well as chemically different in 
character. I’rovided the NH^ and OH radicles 
be contained in different nuclei, and the position 
of the sulphonic group or groups be such 
to determine the entry of the diazo- complex 
only into ortho- positions relatively to thesa* 
radiiiles, coupling in weak acid solution will lead 
to the production of an azo- dye of type I, and 
in alkaline solution to one of typo J1:— 


HO 

AA 
y! I 

Vv 

0-acicl 


NH, 


HO N;NR 



I 


HO 

RN;nAAnh, 

Vv 

II 


The compounds of type I do not couple further 
in acid solution and cannot be diazotised; those 
of typo II, on the other hand, are diazotisable. 
^ Ooifipaie p. 417. 
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In many cases monoazo- dyes of either type will 
couple in alkaline solution, to form disazo- dy^, 
containing the aminonaphtholsulphonic acid as 
the middle component, but there arc exceptions. 
For example, of the two monoazo- dyes obtained 
from G-acid (1 and II mpra), only that numbered 
I can be coupled further under any conditions. 
This capatity for further coupling cannot be 
foreseen, and the reasons which promote or 
inhibit it arc unknown. 

The chief mctliods employed foi the prepara¬ 
tion of these acids are— 

(1) Reduction of nitroso- or azo- derivatives, 
of napbth<)lsu!phonic acids with tin or stannous 
chloride and hydroehUuic acid, or with sodium 
hypo(hydro)sui[ihite. Jly these methods the 
1 : 2 -, l:‘l- and 2 : J-aminonaphtholsuliihomc 
acids arc produced. 

(2) Digestion of naphthylaniine-di- or tri- 
sulphonic acids with concentrated caustic alkali 
solution at 180‘^-200'’. With sulphonic acids 
from a-naphlhjlaminr, the SOjll group in 
position 8 is the most easily displaced, th«“n that 
in the group in 2 or 4 resisting disidaeeiiient ; 
with acids from ^-naphthylammcy the ISOjH 
group in iiosition 4, 5, or S is easily disjilaced, 
but.that in 1 or 0 resists ilisplacement. Jf the 
temperature be too high, the ammo- group also 
may be eliminated, and a dihydroxynaphthal- 
onesulphonic acid result from the fusion. 

(3) From diamiiionaphthaleneBuiphoiiie acids 

either by heating with dilute mineral acids or 
water under pressure, or by the bisulphite . 
method (v. p. 410). I 

(4) Heating dihydroxynajibthalenesuliihonic 
acids with aqueous ammonia under pressure. 
With a;S-diliydroxynaphthaleno.sulphonic acids, 
the Oil radicle in the position is the more 
‘easily exchanged for the NH^ group. 

( 6 ) fSulphonation of certain aminonaphthols 
with sulphuric acid or anbydro acid 

Reference to the tables will show that the 
constitution of most of t!ie acids is known. This 
has been determined cliiofly by a knowledge of 
the structure of the nnphthylaniinesulphonK^ 
acid employed in the second method, or of the 
naphtholsulphonic aciti- the nitroso- or azo- 
dcrivative of which is reduced when the first 
method is used. Confirmatory evidence can be 
obtained in many cases by a study of the inter¬ 
action of the acid with sodium amalgam, as 
SO 3 H groups in a* positions are more readily 
eliminated than those in j3- positions (Fried- 
lander and Lucht, Ber. 1893, 2<), 3028); or of 
the hydrolytic action of 20 p c. hydro*.hloric 
acid at the boiling-point, which occurs only when 
tbnOH and SOj,H radicles occupy relatively the 
1 : 4* position (Buchcrer and Uhlmann, J. pr. 
Chem. 1909, |ii.] 80, 204). 

Only scanty information is given in the 
Patent literature about the jirojicrties of the 
aminonaphtholsulphonic acids and their salts. 
Apart from their behaviour tow^ards nitrous acid, 
and towards diazutised bases (c/. Cassella, 
D. R.-P. 82676), these compounds are usually 
distinguished by the fluorescence or non¬ 
fluorescence of solutions of their alkali salts 
and by the colourations given wdth ferric chlonde 
or bleaching powder solutions (c/. Aktiengea., 
D.R..P. 68664; Bayer, D. R.-P. 75317). They 
reduce ammoniacal silver nitrate solution in the 
oold» and in some cases separate silver from an 


acid solution of the salt (c/. Bayer, D. R.-P. 
81621). In the tables which follow, references 
to fluorescence and to the colourations with 
bleaching powder solution are usually omitted 
for want of room. 

Allusion has been made to the fact that 
many of tho aniinonajihtholsulphonic acids 
furnish two series of monoazo- dye-s, according 
as coupling takes place in an acid or in an 
alkaline bath. Among acids of this type are 
included all tliat are most valuable for the pro¬ 
duction of disazo- dyc's, as, for example, the 
G-, J-, and y-monosulphonic, and the B-, H-, 
and K-disulphonic acids. 

The acids derived from l-amino-8-naphthol, 
of which all the possihle monosiilphonic and 
many disuljihonie acids have been propaicd, 
divide tliemscives into two grouiis : 

(a) thosii which furnish orlho-azo- dyes by 
(^oujiling with diazotisid base.s, viz. tho 4- and 
5-(or S-)monoeulphonie, and the 3 : 5-(or B-), 
.3 : 6-(or H-) and 4 : 6-(or K-)disulphonic acids, 
and are of much importance ; 

(h) those, comjinsing the remainder, which 
form yiam-azo- d 3 'e.s and liave no industrial 
value. 

Of the other aminonajihtholmonosulphonic 
acids, mention may ]»c made of tliose derived 
fnim 1: 2- and 2 : J-aminonaphtliols, w’hieh are 
oxidised in acid solution by nitrous aeid, but 
wlien diazotised in tlic absence of free acid 
furnish ort/m-hydroxyazo- dyes which arc remark¬ 
able for their fa.stness (r. p. 418). 

By the substitution of alkjl, r.cyl, or aryl 
radicles in the N H group, derivatives have been 
obtained vhich, by coupling with diazotised 
bases, furnish valuable monoazo- dyes differing 
in shade and in degree of fastness from those 
obtained with the respective ammonaphthol- 
sulphonic acids. These monoazo- dyes belong 
cxchisivoly to tho tj’pe numbered 11. For an 
account of some of these derivatives, reference 
may be made to the following Patents:— 

Alh/l ((^assella, D. R.-P. 73128; Eng. P. 
6407 of IH93; Gcigy, T). R.-P. 01506; Eng. P. 
2771 of 1896); 

Acetyl (Hbchst, D. R.-P. 129000; Eng. P. 
17366 of 1898); 

Aryl monoBulphonic acids (Cassella, 
D.R.-?.79(V4; Eng.P. 11157of 1894; D.R.-P. 
80417; Leonhardt, I). R.-P. 114248; Badische, 
D.R.-P. 122570; Eng. P. 18726 of 1900); 

' disulphonic acids (Bayer,D. R.-P. 179829 ; 
181929; Eng. P. 5749 of 1906); 

jVdroan/l (Gesellsch., D. R.-P. 101286); 
aminoaryhcyl (Gescllsch., D. R.-P. 170045; 
Bayer, 1). R.-P. 233117; 246608; Levinstein, 
Baddiley and Levinstein, Ltd., Eng. P. 12281 of 
1911); fialkyUvl 2 >honyl (Bayer, D. R.-P. 
276331); 21* Z-hydroxynapkthoyl (Oriesheim, 
1). R.-P. 296446 ; Bayer, I). R.-P. 296659). 

A series of ureas has also been produced by 
the interaction o^ phosgene with aminoarylacyl 
derivatives chiefly of l-amino-S-naphtholsul- 
phonic acids (Bayer, D. H.-P. 278122; 284938 ; 
Eng.P. 9472of 1914; D.R.-P. 288272; 289107; 
289163; 289270; 289271). 

, J-acid as a source of direct cotton dyes. 

Among the isomeric aminonapbtholsuipbomc 
acids, tho chief interest attaches to the 2:5:7- 
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or J*acid, which, unlike its isomerides, resembles 
^)am-diamines (benzidine, &c.) 
and sulphur bases (dehydrothio- 
toluidine, primuline, &c.) in en¬ 
dowing most of the azo- dyes of 
which it is a component with the 
valuable property of dyeing un- 
mordantod cotton.^ This fact was recognised 
first of all 2 in disazo- dyes (lontaiiiing the N -ctliyl 
derivative of J-acid as end eoinponent {cf. l^eon- 
hardt, D. U.-P. pr>()24 ; Eng. P. KIdilO of 1895 ; 
H. R.-P. 98842, 99501), then m those from its 
N-phcnyl derivative, from d-aeid itself (Leon- 
hardt, J>. R.-P. 114248), and also from 2-aiTiino- 
O-naphthol-7: 1-disulplionio acid (Leoiiloirdt, 
D. R.-P. 117950). Nevertliel(‘ss, the utilisation 
of this discovery seems to date from the intro¬ 
duction of direct cotton dyes produced from 
6 : 5'-dihydroxy-2 : 2'-ilinaplithylamiue-7 : 7'-di- 
sulphonic acid (1 nifm) by <-ou[»ling with dia/.o- 
tised aniline, toluidine, k:c. (Hayei-, I). R.-i’. 
114841; Eng. J\ 24290 of 1899), followed by a 
series of direct cotton monoazo- dyes (Payer, 
J). R.-P. 122905 ; Eug. P. 2(i8:i of ItioO), disczo- 
dyes (Payer, J). R.-P. 129494 ; (lesi'llscli., 
1). R.-l*. 120802), and trisa/.o- dves (Bayi r. 
D.R.-P. J21807; ICng. P. ;h)73 o! 1900) obtained 
from J-aeid itself. 

Ex']a‘iience .showed that the aflinity for un- 
inordanted cotton was increased by the sub¬ 
stitution of acyl ladicles in the ammo- grouj) of 
J-aeid,^ and, of the many derivative.s examined, 

' Certain disji/i'-Oycs, with J-acid a3 middle com¬ 
ponent an<l nltiu-o-(li;v/.(ii>liciu>lH as end coiniioncnts, 
are unsuitable lor Uxeinji unni(iiilantc<l cotton (Uchlei, 
1). ll.-P. 1513.32 , JluK I* 8575 01 1003) 

* J-aokl, obtaincil ironi Arnistronj: ami Wynne’s 
l8-naj)htl)ylamme-.5: 7-(li‘>iih»honic acid (hadischc, 
1). K.-r. 7.54<i!>; Kug P. 2dU ot 18'),0, was employed 
originally for (,)ip production of direel, cotton d\eH by 
coupling with dnizol.isod /Jnry-dianiiiK> {ibiU ) oi 
with dchydrotliiotolnidine {rj Payer, t) K -I* H884«i; 
02708; Eng. P. l(n>20 ol 1804), its speeiUc cottoii- 
flxlng capacity Ixaiig thereby ol)seiire<l 

* The following aeyl and other <lerivatives have 
been studied In tins connexion, Jt NM^ being J-aoid 
in the amino-group of winch substitution iias occurred ; 
ItTOI OO-CHg (Jtiyer, J). Jt-P 110828; Kng. P. 

2083 of 1000) 

(Bayer, 1). It.-P. 127141). 

K-NH-C(NH)-Kn K (liayer, p. K.-P. 129417 ; 132537 , 
Eng. P. 181)39 ot 1900). • 

K'NH'COj-Alk (Badiseho, J>. R.-P. 221907). • 

E-KH-CHg-CO-NH-R (Payer, 1). R.-P. 1*5443,128195 ; 
Eng P. 189.39 of 1000). 

E'NH-CH,-CH2-NP-R(Haver,J) R.-P. 129478,126801 ; 

Eng P. 1H939 of 1900). • 

R-NH-t'S-NH-R (Bayer, I). R-P. 116201, 122286, 
126133, 123880; Eng. P. 361.5, 12899 of 1900). 
R-NH-OO-NH R (Bajer I). R.-P. 110200, 122904, 
123693; Eng. P 3615, 12899 of 1900). ^ 

K-NH CO-CgH^-CO-NH it (Iloolist. D. R -P. 268068). 
R-EHCO-C,H4-Nn2 (th'seRsch., I). R.-P. 1.51017; 
Eng. P. 13778 of 1902). 

R NH CO OeH, NU CO CgH 4 NH 2 (Bayer, I). R.-P. 

230595, 240827 ; Eng. P. 14735 of 1910). 
R-NH-CO-NH-C.H.-NH CO CHg ((ieseUnch., 1). R.-P. 
148505). 

R*NH'S08-C4H3(On)'CO2H (Baye.-, 1>. R.-P. 276331). 
R-NH'CO'CjtiHj-OH [2: 3J (Griesheim, I). R..p. 
295767). 

R-NH-C 4 H 4 -C 4 H 4 -NH 2 (Bayor, D. R.-P. 254510). 
R-N(C«H.)-CO-H (Bayer, I). R.-P 245608). 

(Hbclist, D. R.-P. 252575; 

255116). 

(Gesellacb., D. R.-P. 214658). 

Acridine derivtftlve (Hochst, D. R.-P, 272612). 
(jajbazole derivative (Kalle, D. R.-P. 228959; Eng. P. 
8127 of 1910), • 


Sj^A.NH, 

'vv 

HO 

J-acid. 


the azo- dyes from the substituted ureas (II) 
gave, perhaps, the best results in this respect. 



sAAnh-co-nhAAm 
vv VV 

HO OH 

IT 


But these dyes, although pure m shade and fast 
to acids, were less fast t«» alkalis. By the trans¬ 
ference of the dijizotisable amino- group in the 
monoazo- dyes of J-aeid from the naphthalene 
nucleus to a benzenij iing present iii the acyl 
radicle (111), fastnoss to alkalis also was secured 
{cf, Uesellsch., i>. R V. 1.51017 ; Eng. P. 1^778 
ol 1002; D. R.-P. 170045; Eng. J*. 24U3« of 
1903). 


sAAnh,. 


VV 

sAAnji, 




Ho 


sAAnH-CO-C' 11,'NH, 

RN ^ 1 I 

itw^Vv 

HU 


111 


riioso aiiunoarylaeyl-2-amino-5-uaphthol-7-8ul- 
phonic acid.s, when coupled in alkaline solution, 
give monoazo- dyes w'liicl| can be diazotised on 
the tihro, and, without any essential alteration 
m shade', dcvoloiied with /j-naplithol and thereby 
nsiKh’ixxl fast to washing.* By appropriate sub¬ 
stitution, therefore, it is possible to obtain from 
.J-aeid direct cotton dyes of any desired degree 
of intensity, purity of shade, or fastness. 


* In addition to .l-aeid and its N-dcrlvatlves, the 
following .izoles, winch do not lall within tlie scope of 
tfiis article, alho Inrui.sh siilxstantive dyes tor cpbton 
under siuuiar coudilioiH, un^ witli tliem tlie same 
iiietliotl lor secuiing I'.istuass of ilie dyestuff to allcalls# 


IS used. 


sAAo>«-‘^’«'VNih 

sAA,N>^-^.K4-i<“» 

1 1 1 

VV 


ITO 

TfO 

(n.iver, B. R-P 165102; 
Eng. R. 1675 ol 190.1), 

(Bayer, J). R.-P. 106903 ; 
Eng. P. 27843 ol 1904; 

D R.-P. 2.3.5051); 



'vV 

1 1 1 

VV 

HO 

HO 

(Aktlengos., D R.-P. 

(Gassella, D. R.- P. 

167139; Eng P. 11759 
of 1905; Baver, T). R.-l*. 
172319; Eng. P 1675 

209110) ; 

ol 1905); 



and a correspomllng aminophonyl derivative of 1^- 
naphthhtriaziue-5-liydroxy-7-Rulplioulc acid (CasseHa, 
D. R.-P. 191024 ; Eng P. 14787 of 1905). . 

Willie It may not i>c a matter for surprise thATT 
those five types of compound should reaemblo J-acld 
in furnishing direct cotton dyes, it is worthy of mention 
that tills property is shared by two other types of 


AA„^>c-o.h,-nh. 

(Caasolia, D. R.-P. 233939; 
Eng. P. 15646 of 1910); 

althoiigii the aminonaphtholsulpbonic acids—2:8: 6 
(Gbacid) or 2: 8: 3:6 (2R-acid) and 2:3:6 (R-acld) 
—to ’which respectively they are constltv^onally 
related do not e.viublt if. 


1; 2-naplitliiminazole : 

"aa|>''--c««*-^’“« 

^vv*’ 

(Goscllsch., I). R.-P. 
146375); 
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AMINONAPHTHOLS. 


Aminonaphtholmonosulphonlo Acids. 


CoDstitutlon. 

^ 

Preparation. j 

Acids, Halts and Reactions. 

N:0;S 

l:2;4. 

1 

1 

1 

(1) Jlrdnctinn {»f nitroso-ZJ-naphtho] with 

sulpJnirouH acKl (BonlKiir, Bcr. 1864. 27, 
23; T<inin)ka. r/" .J Soe Iiid 1617, 

36, 1<»43) or with HOdliiiri iivpodivdro)- 
wilphlU^ ((iranilmoiigln, Her 1606, 31), 
2407). 

(2) Action of hodiuni hisiiliildte on [0-] 
napfiilijuininone-ft-cliloiiinido (l-'ni-dJandci 
and Jtcinhaidt. JkT. 1804, 27, 141 , 
Toiiiioku, / c.). 

(3) PiiMon ol ti-naphM»yl:iiiiinc-2 : 4-disuI- 
phomc acid witti caustic alkidi (Ttuiuoka, 
/c ). 

And, IIA-l* very sparingly soluble needles ; 

sodium salt, NaA, needles. 

In alkaline bolulion either alone or condensed with 
[^•liiaplithariinnoiu! yields dyestuffs by oxidation 
with air (Dahl, l> R.-P. 82007 ; 82740; Eng. P. 

1 5153 of 189.5). 

Diazotisjible, in absence of mineral acids, giving 

1 dim^>-or,di‘ (I'f. (Jcigv, 1). R.-P. 171024; Eiig. P. 
102:15 of 1901 ; V. p. 418). 

1:2:5 

Hcdnction of a7/i-<UTiviitivos of fJ-n:ipht,hol- 
.^►•sulphonu' acid (Witt, Per. IHKS. 21, 
:i47H). 

J cid, vciv sparingly solnlde. 

■ tiives l)iown coloiir.itnm with ferric chloride. 

1:2:6 

(J) K(!(luction of nitroso-3-Tiaphthol-O-siiI- 
phonlc iicid liy lin and liydrochlotic acid 
{M<‘l<loIa, Cin-ni. Soc. Trans 1881, 30, 47) 
(2) Jdaiiictum ol azo-(iiTivativc.s ol /3- 
naphthol-6-siilplioni(; junl (Witt, Her. 
JH88, 21, 3475). 

And. HA, sparlnglv soliibh* needles; hodium salt 
ilidom/ni), iN.rA-|2UId>. Solutions, especi¬ 
ally It alkaline, aie very sensitive to air. 

(lives brown coloiir.ition witli lerrn; chloride. 

VoT diazo-uruk, if (ji-igy, l.c : r p. 418 

Couples wilh diazotlhcil ba«(“s {if Aktienge.s., 
J). R -1* 79lo;{. Hug P. i:i8.t:i ot 1893). 

1:2:7 

llcdnction of azo-dcnvativcs ot /3-napldhol- 
7*sn]ph/--nio aehl (Witt, Jlcr. 1888, 21, 
3477). 

And, very hiiaiiuglv soluble needles. 

(lives lirowii eolouralion with tisiric chloride. 

Eor dtazo-oi w/c, rf. (Jelgy, Ic ; r. p. 418. 

Couples with diazolised bases {<f. Aktierig(5s., l.c.). 

1:2:8 

lieductlon of a/o*dcrivatlvca of /3-naphthol- 
8-suli»honic acid (Witt, Ber. 1888, 21, 

! 3474). 1 

And, wry sjiannely soliihh leallehs 
(ii\es blown enloiiriition wiMi ferri<‘ eliloride. 

For dnuiMixule cf. Ueigy, / c ; c. p 418. 

1:3:4 ^ 
[4:2:1] 

1 - Amino - 3 - n<ij)ldhol siilphonalcd wltli 
iiionohvdrate (Ki icdhindcr and Kudt, 
Bcr. 1896, 20, 161)0). 

Acid, very spailngly scJuble needles. Converted by 
wab-r at 120’ into 1 . '.i-di/ti/druci/iiaiihtlialnie. 

1:3:6 
t [4:2:7] 

Mi.xcd ^th 1 :6 • :i-acld, hv hoilinK a- 
naphthviiiniinc-:). 6*di.sulphunic acid with 
7.5 p caustic potasli sulutioii (t^isclla, 
34. R-P. 82676). 

And, very sparingly solubles ; ^udium salt separated 
by sailing ou(’ troni the 1:6; 3-isomeridc. 

Forms a readily soluhh' diozo-compouud. 

Couples m_ alkaline solution with diazotiaed bases 
(Cassella’, l.c.). 

1:4:2 

[4 : J : 3] 

Reduction of nitroso* or azo- derivatives of 
rt-napht hol-3-»iilplionic. acid (R'vrrtlin and 
do la Harjie, Ber. 1803. 26, 1281). 

Mo description published 

1:4:3 

[4:1:2] 

! 

(1) l-Annno-4-naphthol sulplionated with 
10 pc auhydro-acni at 30''-40^ (Syded, 
Ber. 1802, 25, 424 ; cf. Pnedliinder and 
Rclnlumlt, Ber. 1804.27,230). 

(2) Reduction of nitroso- (Conrad and 
Pischcr, Aiuialcn, 1803. 273, 114) or of 

1 azo- derivatives ( Uovi'rdin and de la U.arpe, 
Ber. 1892, 25, 1403) of a-niiplithol-2-siil- 
phonic, acid 

And, HA, verv ajiariugly soluble needles, which 
give a grass-green solution In alkalis or alkali 
carbonati's, rapidly becoming brown. 
eOxidised bv dilute iiltnc arid to lo-JnapMwwuinmje- 
» H-siilp/ionic acid and phUialic acid ; by iicr- 
luaiiganato in alkaline solution to pfithalic and 
(Seidel; / c.). 

1:4:6 

[4:1:8] 

(1) Reduction of azo-derivativi's of a- 
naphtliol - 8 - sulphoulc acid (Reverdin 
and de la Harpe, Ber J802, 25, 1404) 

(2) Electrolytic reduction of a-nltronaphthal- 
ene*5-.sulpJionlc acid in sulphuric acid solu¬ 
tion (OattA'rmaiin. Ber. 1803, 26, 1852; 
Bayer, IX R.-P. 81621). 

Acid, leaflets soluble in water ))ut Insoluble in cold 
alcoliol, solution in ammonia yellow; lead and 
« barium salts, sparingly soluble In water (Bayer, 
l.c). 

1:4:6 ' 
[4:1:7] 

Electrolytic reduction of a-nitronaphthalenc- 
O-sulpinmie acid in sulphuric acid solution 
(Bayer, D. R.-P. 81621). i 

And, neeilf.is soluble In water or cold alcohol, 
solution in ammonia yellow; lead and barium 
salts boliible in water (Bayer, l.c.). 

1:4:7 

[4:1:6] 

Electrolytic reduction of a-nitronaphtlialenc- 
7-8Ulphonic acid m sulphuric achi soiutioo ' 
(Bayer, J). R.-P. 81621). i 

Acid, needles soluble in water or cold alcohol, 
solution in ammonia yellow ; lead and barium 
salta soluble in water (Bayer, /,c.). 

1:6:2 

[5:1:6] 

(1) «*Naphthvlamine-2 : 6-dl8Ulphonic acid 
digested with 50 p c. caustic soda solution 
at 240®-270“ (Bandshoff, Eng. P. 6195 of 
1800 ; D. P. Anm. C. 4479). 

(2) I’rom 1 : 6-diaminonaphthalene-2-8ul- 
plionlc acid by the blsiuphlte reaction 
(Bucherer and lllilmann, J. l)r. Chem. 
1909, [ii.] 80,^13 ; t*. p. 416). 

Acid, sparingly soluble needles 

Gives green colouration with ferric chloride {ef. 

Bayer, 1). R.-P. 75317). 

Forms a sparingly soluble (iiaso-coinpound. 

Couples with dlazotised bases (cf. Caasella, D. R.-P. 
82676). ' 
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Constitution. 

Preparation. 

Acids, Salts and Reactions. 

N:0:S 

1:5:4 

[6:1:8] 

(1) From 1 -aoetylamlno-5-aminonaphthal- 
ene-4-aulphouiy add; or from 

(2) 1:5-dihydroxynapht.hal(!nc*4*Hulp]»onic 
acid by Uie bisulphite reaction (Huchcrer 
and Clilmaim, J. pr. Chem. iUOO, [ii.] 80, 
223 ; r. p. 410). 

Acid, HA, crystallises In needles. 

Couples with diazotisod basiM rormlng aro-dyes. 

1:5:6 

[5:1:2] 

l-Amiiio-.5-napliihol sulphonatcd witli sul¬ 
phuric acid below 100'' (Aktienge.s , 1) 11.- 
J’. 085(54). 

A rid, very sparingly soluble needles. 

(lives blue colCuration vvitli torric cblorldc. 

Forms grecui.sh-yullow solution witii nitrous acid. 
Couples with diazeftiM'd basi'h. 

1:6:7 

[5:1:3] 

M-acid. 

<1) n-NaphUolainiriP-O 7-(hsiilj»bniiic iicid 
heate<l \M(b 75 p <•. eiiiistic soda soliiiicni 
at 170” (iSadiwhe, JJ. lt.-l». 7:5270; 
Ihig P 2:570 of i8o:{) 

(2) 1.5- Dniniinoiiaplithali-iic,- 3 -.siilphohic 
iMid beated miMi water under prc.ssure 
at 100” (Ca^vlla, D It -P 85058) 

(:j) Pioin 1 : 5-dilivtlroxvnai»litb;ilene-7-'4tiI- 
phonio aeid bv the bisulphite reaction 
(nadLsehc. 1). It.-P. 117471; Eug 1* 
i;{87 ot H»00 , i\ j>. 410) 

(4) 1 - Aninio-5-implitliol -2:7- disulphoiuc 
aeid iK'uted with 10 p e. sulphuric aeiil 
under pri'ssure at 135” ((.lassella, D Jt -1'. 

.18K.5li.>) 

And and sodium salt, spariuglv .soluble hiallcts. 

Gives black colouration with lerrlc cblorltli;. 

J'’orms a deep orange-yellow sparingly .soluble diazO’ 
compoiiiid (rf Cassella, J). R.-F. 82076). 

Couples ill alkaline solution with diazotised bases 
(rl. Budisclu!, 1). R.-P. 75327, 82572; Eug. P. 
2379 of 18'J3). 

1:5:8 

[5:1:4] 

From 1 : O-diaminoii.iphtlvalene-l-sulplionu' 
aeid l>v tiui lusulphiU* reaction (Ituchcrer 
and IJliiniann, .1. pr. (.'Iiem. 100'.), [ii ] 80, 
220, V p 410). 

And, }IAf 

Coui)lcs with dlazotised bases forming azo-dyes. 

1:6:3 
to ; 2.7J 

(J) Mixed with l • :) 0- acid, bv hoihiiK 
a-naphthylariinic-3 ; «5-dlsul|ihoiiie iu id 

with 75 p e e.iusl,ic potash solution (('as- 
s<-ll;v, 1) 82070). 

(2) 1 - Aiimio - O-iiaplitlioi-3 • 5-disulphonic 
acid boiled witli dilute acids (Cassella, 
J). J’. Aniii C. 5103) 

Acid, .sparingly soliilile ; todum salt readily soluble. 
Forms a vi'llow sp.iniigly soluble dMizo-comi*oun<l. 
Couples with dlazotised blwes (c/. Cassella, Ji. R.*P. 
82676). 

1:6:4 
[5 : 2 : 8J 

a-NaplithvlaTiime-4 : O-disiilplionie aeid fii.si-d 
wiUi (“aiLstie soda at 18()'’-200” (l)alil, 
i) R -P 08232 ; Friedlilnder and Klol- 
basinski, Per. JHHO, 29, 1979). 

Acid, sparingly soluble needles; sodium salt,NaA, 
needles; bariu/n salt, prisms, readily Holublo. 

Gives brownish colouration with feme chloride, ^ 
Forms a sparingly s<iluble rfwizo-eompouiid. 

Couples witli (hazotised bases (r/. Caasella, U. R.-P. 
82076). 

1:7:8 

[8:2:6] 

B-acid. 

Mixed with a more soluble isoniende, bv 
lieatine Q-naplitli.vlaiiune-3 7-disulijhonic 
aci<l witli 10 p<;. caustie soda under pres- 
r-ure at 200'' (Cassella, 1). 11-P 57007, 
58352). 

Acid, very sparlngiv soluble needles; sodium salt 
•readily soluble leadets. 

Foinis a very sparingly soluble di^zzo-compound. 
Collides with diazotisiid bases, giving two series 
of /ftonoozo-«lyes (Cassella, t.c ). 

1:7: (4.) 
[8;2:(5)] 

l-Anilno-T-naphthol sulphonated with sul¬ 
phuric acid below 30" (Cassellap 1). R -P 
75000). 

• 

And. sparingly soliibfc; alkali salts readily soluble. 
Forms a sparingly soluble diozo-eompound. 

Couples 111 alkaline solution with dlazotised bases 
(rf Cassella, / c.; Buyer, U. R.-P. 198138). 

1:8:2 

[8.1:7] 

(1) a-Naphthylauiine-2 :8-disulplionic acid 

fused with caustic soda ^it 170”-220' 
(Cassella, [>. It.-P 75710). • 

(2) i-Aiiiino - 8- naphthol- 2.4 - dlsulphonie 

acid boiled with .50 ji.e. sulphuric acid 
(\bid.) • 

Acid, sparingly soluble radiate prisms. 

Forms a tlark brown sparingly soluble diato- 
compound. 

Couples with diazotlsed bases (of. Cassella, I). R.-P. 
82676). 

1:8:3 

[8:1:0] 

(1) a-Naphtliylaniine-3 : S-dlsulphonlc acid 
fused wit h caustic alkali below 210” (Bayer, 
D.P.Anm.F 4723; Kmk P. 13443 of 1890) 

(2) 1 -Ammo - 8 - naphthol-:): .5-disulphonic 

acid boiled with dlrut^! sulphiirlc aehl at 
140° (Leonhardt, D P. Anm. F. 8020; 
Eng. P. 19253 of 1895 ; Cassella, D. R.-P. 
108848). ♦ 

Acitl, sparingly soluble prisms or needles; 
salt readily soluble. 

Forms an orange-yellow sparingly soluble 
compound. 

Couples with iliazotised bases (cf. Cassella, I). R.-P. 
82676), 

1:8:4 

[8:1:5] 

S-aeld. 

(1) a-Naphtliylamine-4 : S-disulphonic aeid 
fused with caustic alkali at 210° (Badlsche, 
D. R.-P. 03074; Eng P. 20275 of 1891; 
Bayer, J>. R.-P 75317). 

2) From 1 :8-dlain!nonaphtlialcne-4-sul- 
phonlc acid by tlie bisulphite method in 
presence of acetone (Badische, D. R.-P. 
120016; Eng. P. 16921 of 1900? Bucherer, 
J. pr. Chem. 1904, [ii.] 70, 349; r. p. 416). 

And, sparingly soluble needles; alkali salts readily 
soluble, sliowing blulsh-gieen fluorescence in 
solution (Bayer, 1 c.). 

Gives emerald-green cidn. with ferric chloride (ibid.). 
Forms an orange sparingly soluble autze-compotUKl 
cf. Cassella, 1) R-P 82676) 

Couples in acid or in alkaline solution with 
dlazotised bases, being used as middle com¬ 
ponent for dt«azo-dye8 (cf. Badische, D. R.-P. 

• k855 ; Eng. P.9894 of ito. 

1 For acetyl, aryl, and niiroai^l derivatives, see p. 488. 
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Constitution. 

Preparation. 

Acids, Salts and Reactions 

K : 0: S 1 
1:8:6 I 
18: 1 :41 

(1) From 1: S-dlaminonaphthalene-O-suI* 
phonic acid either by boiling with 20 p.c. 
sulphuric acid (Oas-sella. J). K.-P. 73607, 
Kng. 1‘. 4013 of 1893), or by the bisulphite 
method (Bayer, I). ll.-P. 100102; Eng. P 
lC807 of 1890; t). p. 416) 

(2) a-NaphthyJaiium*'5 • S-disnlphonic acid 

heati'd with 76 ]) c eaiiatic ]iotasli .solution : 
at 160° (Bayor, 1>. ll.-P. 76066; Eng P 1 
1621)9 of 1803). ' 

(3) 8-(.:hloro - a'* naphtiiylamiiie-5-siilphanic 
acid heated with 60 pc. caiiatie t#jda 
floliitton under piossure at 190' (Badische, 
J). il.-P. 112778) 

(4) Mixed with 1.8:7 acid, when 1-ainiiio- 
8-n»phtliol IS sulplionatcil willi sulpluiric 
acid at 16°-20” (Ba<lische, J). 1( -P <12289 ; 
Eng. P. 9676 ol 1890; D. 11 -P. 779:{7 ; 
84951). 

Acid, very sparingly soluble needles; Bodium and 
potassium salta readily soluble, showing violet 
Suoresccnce In solution (Cassdla, l.c.). The 
calchm salt is iiaslly soluble (Badische, D. R.-P. 
77937). 

Gives dirtv green colouration with ferric chloride 
(Bayer, !) R-P 7.6066). 

Forms a readily soluble yellow (ftozo-coinpoiind 
(Gasseila, Ic). 

(Joiijiles in acid or in alkaline solution with diazo- 
tised h.-Lses, l>eing used as a middle component 
for (foi'azo-dyes (c/. Riuhsdie, J). R -P. 81241; 
114906) 

For bc)iz<»/l derivative and azo-<lyi;a therefrom, cf. 
Badische, 1). R.-P. 54662; Eng. P. 9670 of 
J890. 

1:8:6 

[8:1:3] 

H-acid. 

(1) 1 ' 8 - Diaminonaphthalcnc • 3 - siilphonic 
acid lieatcd with l.‘> p c. sulphuric acid at 
120M('assellu. 1) B-P 70780, Eng P 
6972 of 1891; cf. Casscllu, J>. K-P. 
73607). 

(2) «-Naphthvlannne-6 8-dlsnlphonic acid 
lieatcil with j).e. caustic potasti solution 
under jm-ssurc at 200' (Bayer, J). J{-P. 
80863; i'hig P 1.62<)9 of lH9:n. 

(3) l-Aniiiio-H-naphthol-l. O-disiilphonicacid 
boiled \yiUi /.inc*dusi and dilute caustic 
soda solution (Kallc, li K -P. 23;$9:t4) 

Aci/f, aparinglv soluble needles ; SiKlivni and potas^ 
\)um salts readily solulilc ; harucm salt, needles 
(Bayei, 1 c) 

Gives green colouration witli ferric chloride (Bayer, 
l.c.). 

Forms a yellow sparingly soluble <^M^rt-e,ompound 
(Baver, l.r ) 

Couples in alkaline solution witl‘ <iluzotned bases 
(cf. Raver, i) R.-P 82074 ; 8.6389; Eng. P. 
16269 of J 893). 

1:8:7 

I8:i:2l 

]*An)ino*8-naphtliol sulphon.itcd with 76 
ji.c .siilphiiru' a<'id at MO'-160'’ (Bailischc, 
1). It.-P 82900), or (mixed with i 8.6- 
acid) with sulphuric and at l5°-20“ 
(Badische, 1>. il -P 8496J) 

Arid, sparingly sc)luhle ; netd calcium salt aliuoab 
msolulile 

Forms a readily suluhle r/KT^e-coiiipound. 

Couples with ilmzolised bases. 

2:1:3 

Reduction of azo-dcnvativcs tif a-naphtiiol- 
:i-aulp}i<^nii‘ acid ((lattcnuanii and Schulze, 
Bcr 1897, 30, 64) 

Add, 11 A, broad needles. 

‘A 

2:1:4' 

(1) Reduction of azo- (Konig, Rer. 1890, 23. 
808) or nitroso* dciivativcs of a-naphthol- 
4-suJp}ionic acid (Witt and Kaiilinanii, 
Rer. 1891, 24. .3162). 

(2) Action ol sodium lusiilplntc on 2-nltroso- 
a-implithol (Sclimidt, .1. pi (’hem 1891, 
ill.] 44, 631; c/ Romger, Rer. 1894, 27, 
29) or |0-lTmphtliaf|unioti<‘-i!Vcliloniiudc 
(Friedlander and Rcinhanit. Rer. J894, 27, 
242). 

Acid, IIA, sparingly soluble iieedle.s (Friedlkmlcr 
and Remimnit ,! c). 

Forms a violi t-bl.ick dvestiiff by oxidation with 
air (Jteverdm and de la Hariw, D. R..-P. 03043 ; 
Eng. P. 16377 of 1891). 

Not diazotisatile In acid solution (cf. Caaaella, 
J). R -P. 82676). bub in absence of acid, gives 
duizo-oxtdc (cf. (xeigy, 1). R.-P. 171024 ; Eng. P. 
10236 of 1904; p. 418). 

2:1:5' 

Reiluction of azo-ilerivativcs of a-napiithol- 
.A-sulpiiom; add ((.latterm.ann and SeJuilze, 
Bcr. 1897, 30. 61 ; cf Reverdln and de la 
Harpe, Bcr. 1893, 26, 1280) 

Acid, HA, sparingly soluble scales or needles. 
Dmzotisidile in .absenee of free mineral acid giving 

J dmzo-oiM/e (c/. (iclgy, 171024 ; Eng. P. 10235 of 
. 1904 ; V. p. 418). 

2:1:7 

Reduction of 2-nitro-a-naphtlioI'7-sulphonic 
acid (Finger, .1 pr. (diem. 1909, [il.] 79, 
444). 

Acid, HAf2H20, noodles; alkalino solution be¬ 
comes dark green on o.xposure to the air. 

2:8:6 

[3:2:7] 

R*acld. 

(1) a-Naphthylaminedi: 6-dlsulp)ioulc add 
iieated with 76 p.c caustic soda at 230"- 
250° (Hochst, J) B-P. 6:i076: Eng. P. 

' 15176 ol 1HH9 ; Fncdlamlcr and Zakrzew- 

1 fiki, Rer. 1894. 27. 763). 

(2) 2.3-l)ihydr<>xynaphthalenc-6-siiIplionic 
acid heatcii w'itti ammonia at 1.60 -lGO’ 
(Aktiengca., I) R.-P. 62964; rf. Ocst-er- 
relch, J. Soc. Chem. Jnd. 1898, 17, 830). 

Acid, very sparingly soluble needles; sodium salt 
leaflets ; barium salt, BaAg, sparingly soluble. 

Gives dark blue colouration with ferric chloride 
(Hochst, l.c ). 

Forms an orangti diazo-comiiound (cf. Hochst, l.c.. ; 
Cassella, 7). R.-P. 109932; Eng. P. 28107 of 
1897). 

Couples in alkaline solution with diazotlsed bases 
(cf. Aktieiigcs., 1). R.-P. 84145). 

2:4:6 

[8:1:7] 

o*Noplithol-3 . 7-disulphonIc odd liontcrl 
with ammonia under pressure at 180'^ 
(Kalle, 1). R.-P. 94079). 

Acid, sp. sol. leaflets; alkali salts readily soluble. 
Fiirms a yellow rf?a?o-compound. 

Couples with dii.zotised bases. 

2:4:7 

[3:1:0] 

(1) p-Naphthylainlne-4 : 7-dl8uIphonlc acid 
heated with 35 p.c. caustic alkali at 200° 
(Baver, 1). P. Anm. i\ 7978; Eng P.25214 
of 1894). 

(2) o-Naphthol-3 ; 6-dlsulphonlc add lieatcd 
with ammonia under pressure at ISO'-’ 
(Kalle, D. R.-P. 94079). 

A cid, moderately soluble leaflets ; alkali salte readily 
solntde. 

Forms a yelloAV diazo-compound. 

Couples in alkaline solution with diazotlsed 
bases (cf. Bayer, l.c.). 


* An acid containlna the sulphonlc group in either the 4- or the 6- position is produced \*hen 2-aniin<hl- 
naphthol te sulphonated with 10 p.c. anhydro-acld at 40". It is spariugly soluble and gives a brown colouration 
wltb f^ic chloiide (Reveidin add do la Harpe, Bar. 1803| 20,1280 ^ Kern and Sandoz, B. 69228). 
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493 


Constitution. 

Preparation. 

Acids, Saits and Reactions. 

N:0:S 

2:4:8 

tS : 1: 5] 

^•Naphthylamine-4: Snllsulphonlc add fused 
with 80 p.c. caustic alluill at 215'’ (Bayer, 

D P. Anm. F. 8070; Mg. J». 3580 ot 
1895). 

1 

Acid, sp sol. noodles ; alkali salts easily soluble. 
(Jives no colouration with ferric c^hloriclo. 

Forms a yellow .sp. sol. dwtro-compotind. 

Couples in alkaline solution wnth dia7A>tised bases. 

2 : 5 : (6) 
[6:1: (2) 
and 

2 : 5 : (8) 

2-Aiiun<)-5-n.ai»litli()l Hul|»tionntcd with sul¬ 
phuric add at 20" 30'(haver, l> P Aiim. 
F. 7372, Ku«. P. 5267 of 1894) forms 
two adds, about which little is known, 
the yield ot the Jess soluble being 30 

(hie of the acids gives a dirty predpitute, tlie otlicr, 
a bliilsli-grey precipitate with ferric clilorlde. 

Each add forms a yellow dwKo-compound and 
couples with^liazotised bases. 

2:5:1 

[6:1:6] 

^ • Naphtlivlamlne -1:5- di.sulphonlc add 
fused M’ltli caustui alk;di at 210'’-230' 
(Kalhi, I). K.-P. 23310.5; 242052; Eng P 
9743 ; 9744 ot 1910). 

Acid, moderahily soluble ni'cilles. 

(lives brownish-rod duwo-corniM>und. 

Couples in alkaline soliiliun. In add solution 
loses its SOjU group in coupling. 

2:5:7 

[6:1:3] 

J-acid. 

(1) p-Kaphili>lanun(‘-5 : 7-di8ulphonir adil 
fiLsuil with caustic! alkali at 180”, or 
digested with 50 p e. oaii.stic soda aohitiou 
under pressure at l')(P (Padisehe, 1). J*. 
Anm U. 141.54; P. Jl-P. 7.5469 ; Eng ?. 
2614 of 1893) 

(2) From 1 6-dili.vdiox\naphthalene-:Ksul- 
jihonic acid hv the bistilj)hite mc'thod | 

1 (PadiselHs D. P-P IJ7471; Eng. P.; 
1387 01 1900; J>. p. 416) ; 

Acid, sparingly soluble ; aWa/t salts readily soluble, 
(lives no colouration with cold, but a brownish- 
black proelpitaii! with hot lerrlc dilorido (c/. 
Badisdus D. Jt.-P. 73270). 

Forms a vdhnv (/laze-enmpound 

Coin>les ill udd oi alkaline solution with diazotised 
bases forming two senesof /w/omazo-dyof. 
1-C/iloTo-OT l-5ry/rto-J-aeid(Paver, D.ll.-P.254715; 

258299; Eng. P. 14152; 14153 of 1912). 

For alfcij/, aryl, and other dorivatlvcs, v. p. 489. 

2:5:8 

[0:1:4] 

1 : 6-Dihydrox\naphthaleiie-4-siilphonicaeid 
heated willi 28 pe ammonia under 
prc'ssiire at 140”-1.H0'' (l).ihl, 1>. it.-P. 
70285; Eng P. 4110 of 1892) 

Acid, .spiiringiy soluble ; alkali salts readily soluble, 
(ilves brown colouration with ferric cliltirldo. 

Forms ii yellow sp. sol. dmzo-eompoiind. 

Couples in aeid or in alkaline solution with dlazotUod 
bases (i)alil, 1 c. ; P. ll -P. 67258). 

2:6:4 

[6:2:8] 

Ileduetion of (l-ullu)-3-|Bphthc)l-H-anlphouic 
add (Jao'lna, Ann.iJcm, 1902, 323, 124). 

Acul, nA + lI.^0, sparingly soluble needles. 

Fornw a yellow sp. sol. diozo-coinpound. 

2:7: (S) 
[7:2: (6)1 

F-acld. 

2 :7-l)ihydroxynaphthalene8nlphonlc add 

1 heaUul' witli 30 ]> e ammonia under 
i pressure at 120''-150' (Akticnges., 1). It.-P. 
j 63956). 

dftd, very sp. sol ; alkah salts easily soluble. 

Gives greenish-black colouration with ferric clilorlde. 
Forms a yellow sp sol. djaro-comiiound. 

Con|il«-s m add or in alkaline soiutlun with dlazotised 
ha.ses. 

2:7:’ 

(7 : 2 ; Y] 

Partial hydfolvsis ot thc! di.suliihonic acid 
formed Irom 2-amino-7-niiphthol hy sul- 
pliomclion with sulphuric acid at 30” 
(Cassclla, I). Jl -P. 131526). 

Acid, needles ; t^odtum salt, NaA4-JlgO, sp. soluble. 
Gives violet precipitate with lerrio ddoriao. 

Forms a yelfow sp. sol dM«o-compound. • 

Couphts ill add or m alkaline solution with diazotised 
bases, giving two series of »rtowoa 2 o-dyes. 

2.8 : (5) 
[7:1: (4)] 
2 : 8 . (7) 
[7:1: (2)] 

2-Amlno-8-imi»h(hol BulphonutAal with sul¬ 
phuric aeid at 30” forms two adds in about 
eifual projxirtion (Paver, T). 1*. Anm. F. 
7335 ; Eng. J‘. 5148 ot 1894). 

‘ Sch ’ acid, readily, ‘ P ’ aetd, sp. sol. ; separated 
hy adding aeid to so|n of mixed calcium salts. 
F^ch tid<i forms a yellow soluble dw^o-compoimd 
and couples wit h diazotised buses. 

2:8:6 

[7:1:3] 

G-acid. 

fl) i3-Naplifhylaimne-C . 8-disulphonic add 
heated with 50 j) e c.instie soda solution 
at 190”-195” (Cassella. Eng P. 1665)9; 
i 1) P. Anm. t’ :Hj63; </ Hochstfl). It.-P. 

1 63070; Eng. P. 15176 ot 1889). 

j (2) From 1 : 7-dihydroxynaphthal<‘ne-3-siiI- 
piionic aedd cither by ffuiting with 30 p c 

1 ammonia under pressure at 120”-150" 
j (Aktienges , 1) Jt.-P. 62904), or by the 
bisulphite reaettion (Puchererf J. pr. Chem. 

! 1904, [u.] 69, 89 ; t>. p. 416). 

I 

Acid, very sp sol. needles ; alkah and alkaline 
earth salts, mullly sol , lead salt, sp. sol. needles 
(Tant)er and Walde*, Per. 1890. 20, 2268). 

Gives dirty daret colouration with ferric chloride. 
Forms u yellow sp. soluble duizo-compound. 

Couples in add or in alkaline solution, forming 
two series of wwHoazv-dyes, v. p. 487). 

1 - (Jhlorch or 1 • brorno ♦ G - add (Bayer, J). 11. • P. 

254715 , lOng. P. 14152 of 1912). 

For alkyl, acetyl, aryl, (fee., derivatives, v. p. 488. 


AminonapMhoIdlsulphonic Acids. 


Constitution. 

Preparation. 

Acids, Salts and Reactions. 

N:0:S:S 
1:2:3:6 

Reduction of azo-derivatives of ^-naphthol- 
3:6-dlsulphoiiie acid (Witt, D. R.-P. 
49857; Ber. 1888, 21, 3479). 

Acid kodxum salt, NaHA, readily soluble needles. 
Gives dark brown colouration with ferric chloride. 
Biazotisablo in absence of mineral acid giving 
diazo-oxideief. Odgy, D. R.-P. 171024; t». p. 418). 
Does not couple with diazotised bases. 

l:2:3:7 

Reduction of l-nitroso-^-naphthol-3 : 7-di- 
Biilphonic neiil (Geigy, 1). R.-P. 171024 ; 
Eng. P. 10235 of 1904). 

Acid, sp. sol.; alkaline solutions greenish-^llow. 
Diazotisahie in absence of mineral add giving 
dxazo-oxxde {cf. Geigy, l.c .; v. p. 418). 

1:2;4;6 

•Interaction of l-nltroso-S-nnphtlioI-e-sut- 
nhonic acid and snlphuroua acid (Boulger, 

1 Ber. 1884*27, 3062). 

Add ioimm salt, MaHA, readily soluble needles, 
diazotisahie In absence of mineral aold giving 
ivuo'oxide Seigy, l.c .; v. p. 418). 





m 


AMINONAPHTHOLS. 


Constitution. 

Ih^paratlon. ^ 

N:0:S:S 

1:2:4:? 

J .. 

Sulphonation of 1-amhio-2-naphthol-4-8ul- 
phonic acid with monohydrate below lOir 
((Hrieshcim, T) P Anni. C. 15414 ; 15820; 
Eng P. 305.5 of 1908). 

1;2:4;7 

Interaction of Vnitroso-p-naiihthol-T-snl- 
phonic {K'id and sulphuroiw acid (Boniger, 
Her. 1894, 27, :i05^) 

1 : 2 : 6 8 

lU-dviction of az(>dcrivat.ivcH of |8-naphthol- 
G: 8-dlHUlplioniC acid (Witt, J). R.-I 
49857 ; Her. 1888. 21, 3981). ’’ 

1:4:3:6 
[4:1 :2.7] 

(1) Reduction of azo-diTlvatlviw of a-naph- 
thol-2 : 7-di9uli)honic acid (Reverdin and ; 
dc la JTarpe, Her 1892. 25, 140.5) 

(21 Klectr()l.\tic reduction of o-mlronaph- 
(haleiic-O 0-ihsulplionlc acid (Buyer, I). 
U.-P. 8iG2l). 

t:4:3:7 

|4:l:2:CJ 

Electrolytic rediietiou of e-nitronaphthal- 
ene-3 7-disulphonic acid (Hayci, 1). R.- 
P. 81021). 

1:4:3;8 
[4:1 :2: 5] 

K^'duction of 4-nitr()so-u-naphth<d-2 • .5-di- 
Bulphonie acid {l'’rH‘iliaiulcr, Her. 1895, 
28, 1530). 

1:6:2:7 
[6 :1 : 3 : C] 

a-Naphthvlamine-2 : 5 : 7-trisuli>honic acid 
heated with 50 p c eaiwlic ixitanh at 180- 
200“ (Ha/cr. 1) P Anm. F. 7001 ; Ihig. 

P 171410 ol 1893, Cassella, i). K-P. 
188505). 

1:5:3.7 
[6:1:3:71 

Ihislon of a-naphth.vlamiiie-3 • 5 7-t.riMil- | 
phonic acid with cmiMtic soda at 100“- 
170” (C^assclla, J). R -P 75432). 

1:6:(4):{6) 
5 :1: (2): (8) 

l-Amlno-5-naphthol sulphoniiiod with 23 
p c. anhydro-acid at 10 U'’(Aktieng(‘s , D P. 
Anm A. 3707). 

1:6:3:6 
[6 :2 :1: 7] 

]-Anrtno-0-naj)hthol-3-snlphonU' add siil- 
idioiiati'd with 12 pc anhvdro-add 
below 20“ (Cassella, J>. P. Anm. €. 5103 ; 
rf I). P> -P. 84952). 

1:6:3:7 

[5:2:3:71 

1 • Amino - 0 - nnplitho) - • snlphonic add 

heated with snliduiric aeid at 140“ 150°, 
or the 3 5-disulphonic acid heated with 
sulphuric adii at 150° (Cassella, J). R-P. 
84952). 

1: 7 : (4): ? 
18 : 2: (5): ?] 

l-Amlno-7-iia])htliol sulphonab'd with sul¬ 
phuric add ul)OV(' lOtr (Cassidla, D R.-P. 
09458 ; rf Cassella, i). R *P. 75000). 

t:8:2:4 
[8 :1 : 5 : 71 

2 S«acld. 

Fusion ot naplithasijltam-2 : 4 -disulphonlc 
add (‘ ft • nuphthyliimlne - 2 • 4 : 8 - trisul - 
i phonic add ’) with 90 p c catistie soda at 

1 170° (Aktienges, T). P Amn A. 3340; 

Eng. 1‘. 2984 ot 189:); Haver, 1). R.-P. 

1 795GG; 8O008; Eng P 4979 of 1893; 

Cassella, 1). R-P 7.5710; Dressel and 
Kothe, Her. 1894, 27, 2141). 

1:8: (2): (6) 
8:l:(4):(7) 

L*acid. 

1 : 8-l)iaminonaphthalene-(2): O-disulphoiilc 
add boiled with 20 pc. sulphuric acid 
! (Cassella, I). R.-P. 73048). 

1:8:2:? 

I8:l:?:7] 

1 ; g-TMaminonapiithaleiictrlsuIphonici add 
boiled with water or 10 p.c. sulphuric 
add (Fisdiesser, P. P. Anm. F. 7 j 5I5 ; 
Eng. P. 13203 ot 1894). 

1:8:3:5 
[8:1:4 :6] 

Bftcld. 

1 - Amino - 8 - iiaphthol ■ 3 • sulphonlo acid 
sulphonated with inonoliydrate. at the 
ordlnarv tompCTature (Leonhardt, 1). 1 
Anm. F. 802(1; Eiig. P. 19263 6f 1895; 
Cassella, P. R.-P. 108848). 


Acids, Salts and Eeactlons. 


Acid nftdium salt, NaHA, very soluble, shows In 
solution bliiish-ereen fluorescence like the acid 
sodium salt ol tim 4: G-aisiilphonie acid, with 
which it may be identical. 

And sodium salt. NaiiA, sparincly soluble needles. 

i)iazotiaai)l(5 lu absence ol mmoral achl giving 
dmzo-oxide ('•/ tieigy, l.c. ; v ]). 418). 

Acid sodium salt. Nall A. easily soluble prisms. 

IJiv(*s (lark brown colouration with ferric chloride. 

For dMZo-oxidi:, rf. Oeigy, l.c ; r. j). 418. 

Acid, sp. soluble needles; xodiwHtaalt readily soluble. 

(tives a dark re(i colouration with ferric chloride 
(llayer, ^c). _ , , , tt 

1h not diazotisable (cf. Revordui and de la Uarpe, 
Her. 189:1, ‘i(i, 1284). 


Jiunitm salt, sparinglv .soluble. 

(jives a roac-red colouration witli lerric cldunde. 


And, readiK solulilc needles. 

Is not diazotisal'le, and d(ies not cou[>le with 
(liazotised bases. 


And sodnim salt, moderately soluble needles. 

(rives wlae-red colouration witti lerrie eldorlde. 
Forms an oratige-red soluble duizo-compouna, 
which with sodium carbonate solution becomes 
skj-bhie jjnd flien orange 


And and and .'^odium salt readily solulde (Cas- 
sella, J). li-V H49:>2). , v 

Hives dark-green coin with ferric chloiidc (tout.). 
Korins an orange rfojzo-coinpniiud. 

L'ouplcs in ulkalme solution with diazotlsed bases 


Acid and sodium salt readily soluble. 

Forms a .vcllow (fiazo-conipouiul. 

Couples witli diazotisc'd bases 

And sodium salt neidih, ca/nim salt snarlngly sol- 
dives vioJet-ldiick colouiation with ferric chloride. 
Forms a yellow solubb* cfuizo-eomiiouud. 

(.:oii])les 111 aeid or alkallti(‘ solution with dlazotlsed 
bases, but gi\es only one senes of wwnoozo-dyes. 

And sodium salt, sparingly soluble needles. 
divi« gieeiush-black colouration witli ferric, chloride. 
Forms a solul'lo c/(Ziz<i-eoiiipound 
(tounles m alkaline solution with dlazotlsed bases 
{rf. Cassella, l.c .; 1). U.-F. 95988). 


Acid readi4' aoluble. 


And readily sol.; acul salt, NaHA+HjO, 

1 easily sol neeiilcs ; salt moderately sol. 

1 dives a greenish-black coin with ferric chloride. 

J '.inns a reiidisli-yellow soluble diozo-eompound. 

Couples in acetic acid or in alkaline solution with dl- 
uzotised bases giving only one series of 
d.Vt*8, but In liCl solution, rfiJiazo-dyca of the 4* 
inonosulphonlc acid inav bo formed (<^. Bayer, 
I). K.-P. 777U3 ; Eng. P. 4979 of 1893). 


And moderately, acid sodium salt readily soluble, 
dives brown colouration with ferric chloride. 

Forms yellow (iiwzo-compound. Couples with dl« 
azotised* bases (c/. Cassella, D. E.*P. 84952). 


Icjti sodium salt, NallA, moderately soluble, 
lives green colouration witli ferric chloride. 

(’orms a soluble yellow diozo-i'ompound. 

.‘ouples in acid solution with dlazotlsed bases. 

4cid and acid sodium salt sparingly soluble. 

Porms a yellow sparingly .soluble di«^compoimd. 
Jouples in ael(l or alkaline solution ^Ith dlazotiwd 
bases, forming two series of monoazo-dyes (ty. 
Cassella, l.c.). For aryl derivatives, see y. 488. 





NAPHTHALENi]. 


4d5 


ConetHution. 


N : (J; S: S 
1: 8 :3; 6 
[8 

H-acld. 


1:8:4:6 
[8:1:3:61 | 

K-acid- I 


1:8:4:(7) 
[8:1: (2) • 5] 


1:8:5:7 
[8 :1: 2 • 4] 


l^eparatlon. 


( 1 ) 1 8-l>iaimnouaphthal(?ne-3:C-dl»uIphoulc 
acid licat-ed with 10 p.c. sulphuric achl at 
100^-120", or with 40 )>.c. caiLstic soda at 
200'' (Casaclla, 1). K.-P (;7()()2; ling P. 
1742 of 1891), or its azimhio-denvative 
hcaU'd with 80 p c sulphuric acid at 170’ 
{Casscila, D. K-P (>1)903) 
j (2) Naphthnsultum - 3 : 0 - disiiljdionic atad 
j fused with 90 p.c. caustic suda at ITO' 

' (Bayer,!) P.-P. 80008; ling. P. 4079 of 
j 1893; Dressul and JCotia-, Bcr. 1894, 27, 

I 2150), or <i-napiithvlaniiiie-3 : 0 • H-trisiiW 
I jdioiiiu acid witli caustic soda at IMO'-lOO" 
(Ba.vcr, 1>. il -j\ 00722 ; Ting. P. i:3443 
j of 1890), or 8-cliloro-<«*naphthvlamiuc- 
■ 3 : O-disulphouic nci<l with caustic alkali 

j (Batlische, J). K.-P. 147862) 

! (3) 1 . 8-I)imtrouaphthHk|iic-:). O-disuIjihouic 
acid heated with si>di*iin bisulphite solu¬ 
tion at OO'-lOO" (Baver, i). K -I’. 113914 ; 
ling. P 21138 of 1809) 

Fusion of a-nai»li(li.\laniiiie-l: 0.8*tnsiil])}ion* 

' ><■ acid willi 70 pc (Miistic Mida iiiuler 

' pressure at 176'’(haver, J) B-P 80741; 

I Kng. h 17l4l(:o| 1803; Kalle, I). R-P. 

: 90104 ; ling P a If. of 1804) 


I-Aniino-S-na))htlioI-4-snlphouic acid sul- 
lilionated witli 23 p c. anliydro-aeid at tlie 
ordiiuirv temperature (AUieugos.. H I*. 
Anin \.:)0I8; B.idisJie. D B-1M26000. 
Kng Pr 18;)00 of looo). 

l-AiDino-B-naphthol-a-Hulpliomc or 7-siiI- 
phonicaeid sulphonated witii inoiiohydratc 
at 100“ (Baiiische, 1) B-l‘ 02289. Eng. 
P. 0070 of 1800; c/. Badisclie, J>. K.-P. 
82900) 


1: 8:(5):? 
(8:1 :(4):?] 

D-acld. 


2:1:3:6 

2.1:3:8 


2:1:4:6 


2:1:4 7 

2:1:4:8 


Fusion of iiapiitliasiiltanidLsuIphomc acid 1) 
witli 90 II c caustic, soda at no" (Baver, 
I) It,-P. 80008 , ling J» 1979 of 1893). 

liediicf ion ot 2-nitroso-a-naphthol-3 0-di- 
Hiilplionlc acid (tJcigs, I). It.-P. 171021; i 
Kng. P. 10235 ol 1904). 

Peducflon of nzo*deri\ativi“s of a-naphthol- 
3:8-illsiilpli<mic acid (Bcrntliscn, Ber 
1890, 23, 3093) 

Kednetion of azo-derivatives of a-napht|iol- 
4 :0-ihauljihonic acid (Revcrrlm and rle la 
Harpe, Bcr. 1893, 20, 1282; cf. Bouiger, 
Ber. 1894, 27, ;3052). • 

* 

Reduction of a/,o- or nitroso- d(*rjvatives of 
«-napht.hul-l : 7-di.suljiiionic ai'iil (Rever- 
dm and de la Haipc, Ber 1893,20, 1282 ; 
cf. Bouiger, Ber i8!)4, 27, 3054). • 

Reduction of azo-derivatives of a-naphthol- 
4 : 8-disuipliomc acid (Iteverdin ai«l ile lu 
Harpe, Ber 1893, 20, 1283). 


Acids, Salts and Reactions. 


Acid, sparingly soluble In cold water; acil sodium 
salt, NaHA4-liHj,0, and acid oanum salt, 
I BallgAo -f- 4JIIaO, .sparingly Mohihle needloa 
I (Dre.s.Hcland Kotlic, Ber. 1894. 27, 21.50). 

1 (lives browniali-rcd colouration with fer*u; chloride. 
Forms a soluble yellow rfiazo-conipound.^ 

(Jouple^ ill acid or alkaline solution with diazo- 
tised bases, torinmg two series of monoazo-dyia 
(cf. Cas.sella. <l>. R-P. 0.5051; Eng. P. 1742, 
0972 ot 1891). Larg<‘Iy used in the’productloil 
of a 2 o-tl>es. • 

For alki/l, ai^tyl, aryl, nUrobeiizoyl derivatives. 

V. p. 488. ’ 

For S-ck!oro-a'H(t})litfiul-‘.i: <\-dt>!Ulj>honic acid ob¬ 
tained from H-acld tiy the Sandineyor reactloD, 
V. p. 174. 


Acid .sodium 8.iltreailil\ soluble needles (Bayer, l.c.). 
(live.s yellowisli-grecn (•()|ii witli ferric <‘}ilo'rlde. 
Forms a readily solulde vellow (//(mi-ooinpoiimi. 
Cotiple.s m acid or alkaline solution with dlazotlaod 
bases jorniing two serii-s oi mouoazo-dyon (cf. 
K.ille, / c ; I) h -P 108200) ' 

For acetyl, aryl, iniroftryl derivatives, v. p. 488, 


Add sodii/m s,ilt sparingly solulib' needles. 

(lives brownisli-black colti.Vitli ferric chloride, 
t'orms a vellowisli-hrown (/luzu-eoiutvoiind. 

Couples wllli dlazotised liases (cf Aktiengea., l.c.). 


Acid readilv soluble leaflets; acid sodium salt 
readiiv soluble. 

Gives blue colouration with ferric clilorido. 

Forms a sparingly soluble yellow dwizo-compound. 
0)U|iles wit li diazotised bases (cf. Gasaella 1) R .p 


Acid !>odium salt inodcratclv .soluble needles. 

Gives green eolouratlon with feme chloride. 
Couples with dhuotised Imes. 

And ■•lodtum salt ea.sily .soluble noodles. 

DiazotLsable in ab'icnce of mineral acid giving a 
dtazo-oride (rf. Gclgy, l.c .; v. p. 418). 

I)ia;*fttlsablc in absence of mineral acid giving a 
diazu-oX'dc (cf. Geigy, / c. ; c. p. 418). 


Acal readilv soluble; <ywf sodium salt sparingly 
soluble needles. 


Acul, inoderah'ly .soluble needles; sodmm salt 
reailily solulile. 

Diazotisable in alisenee of mineral acid giving a 
diazo-ozide (cf. Geigy, l.c ; e. p. 418). 

Aral and and sodium salt moderately soluble. 

DIazotisaiile m absence of mineral acid giving a 
diazo-oxule (cf. Geigy, Ic.; v. p. 418). 


2;3:6:8 
[3: 2: 5: 7J 


Sulphonatlon of 2-ainino-3-naplit!iul-(>-flUl- 
phonic acid (Aktiengos , 1). R -1*. 80448; 
Eng. P. 8045 ol 1895). • 


No description publislicd. 


2:4:6:8 
[8:1: 6: 7J 


Digestion of 0-naphthyluininc-4 : (5: 8-tri- 
Bulpiionlc acid witli 00 p.c caustic soda at 
170^-180° (Bayer, 1). P. Anm. F 8154 ; 
D R.-P. 89242). 


And sodium salt, modcrat<‘Iy .soluble 

Gives liluish-grecn colouration with ferric chloride. 

Forms a pale yellow dwzo-compound. 

Couples with diazotised bases. 


2:6:1:7 

[6:1: 3: 6 


Digestion of fl-naphthylamlne-l : 5: 7-tri- 
sulphonic acid with 00 p.c. caustic soda at 
160''-220“ (Baver, D. R.-P. 80878; Eng. 
P. 20580 oi 1893). 


Acia Hoaivm sair reiu^y soiunie neeaies. 

Gives gri'en l olonratilR with ferric chloride. 

Forms an orange-yellow fwiluble duKo-coinpound. 
€onple.s III alkaline solution with diazotised base 
(cf Bayer. D. R-P. 92708; Eng. P. 1062 0 
1894). . y 


' The colouration produced by the interaction of K-acld with siilphanillc acid in the presence ot nitrons acid 
forms a delicate test for minute (luantlties of nitrites In water (Erdmann, Ber. 1900J 33, 213). 
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AMINONAPHTHOLS. 


CouBtltution. I Preparation. Adda, Salts and Eeactlona. 

N: 0:8:8 i ^ 

2 : 5 : 3:7 ^•^^aphthylamlne-3 : 0 : 7-trtsnlphonic add Acid sodium salt cosily soluble. 

[0:1:3: 7] i heated with 30 p.c. caustic soda at 190® Gives yellowish-brown coin, with ferric chlonck. 

I (Odjier, D. 168U7 *, Eng P. 1681 Forms an easily soluble orange dwro-compound. 

: of 1904). Gouples in alkaline solution with diazotised bases. 

1 ! 

2:7:3;6 (!) fi-Napbthvlaniine-3 : 0 : 7-trisulphonic vlewf RT>aringIy soluble ; acid sodium salt sparingly 

(7 : 2 : 3 : GJ acnl healed with 66 p e. eaiisUc soda at soluble needles. 

I IHO^-^tO® (Payer, 1) P. Anm. F. 7019; Givtis deep violet colouration with ferric chloride 

I Eng P 17141 ori8y3; ef Payer,!) ]{-P. (Payer,/c ; Aktienges., i.c ). 

j 80878) Forms a sparingly soluble yellow dwizo-compound 

(2) 2.7-l)ih;<droxynai)litlialene-3 . O-disiil* ((laasella, I c ) 

[ jjhnnie acid lieated viUi 23 pc nnu'suila Couples only slowly or not at all with diazotlsed 

I at lH(r-220" (Aktienges., 1). U-P. 76142, bases (Ciissella, i.c.). 

Eng. P UiU)9oflH93) 

: (3) 2-Amino-7-naphtliol sulphonated with 
j sulphuric ai-id at 30® (Cassella, 1). P.-P. 
j 131.620). t 

' I 

2: 8: 3; 6 Fusion of ^-naiihtlivluniiae-3 ; 0 : 8-tnaul- i Acid and readdy soluble. 

[7 :1: 3 : 6J phonic acid with 80 ]• e. eauKtic; soda at | Givi-.s dark green colouration with ferric chloride. 

22O®-20()“ (Hoeiist, D. It.-P 53023; Eng ; Forms a yellow sparingly sohdde dtozo-eompound. 
n-acld' J’. 15176 of 1889). i Coiijdes in alkaline solution with diazotised bases 

I (c/. Aktienges., D. Jl.-P. 108215 ; Eng. P. 14896 
, I of 1893), 


Amlnonaphtholtrisulphonic Acids. 

l-Amlno-2-nai)h t hoi- and 2-n niino-1-naphthol- 3 • 0 :8-tri8ul])honle acids are obtained by reduc¬ 
tion of azo-dcrivatives of the corresponding 0-naplitliol-and o-na|)hthol-3 . (»; 8-tnHul]ilionlc ,aci(la. They give 
dmzo-oxides on diazotisaf^.ion in absiuice of mineral acid (Oeigv, 1). ll.-P. 171024; Eng P. 10235 of 1904; w p. 418). 

1-A nilno-8-naphthol-2:4;0-trisuipbotue acid, obtained by fuMiig naphtbasultam-2 : 4 : G-trisulphonio 
acid with 86 pc caustic ])Otash at 150°-ir.o'’, lonns a sparingly .solulde and /lotasmum salt, gives a green 
colouration with ferric chloride, also a readily solulile orange duKe-compound, and eonples with diazotlsed bases 
(Bayer, I). K.-P. 84697). 

NiTEoAMiNONAPHTiioLatTLPiioNio AoiDS. (iv.) (8)-Nitro-2'amino-3-naphthol-6-sulphonlc 

Nitroaminu.l-iuiiilithol, obtained from [(b): 3: 2 : 7] can be iirepared by adding 

2: 4'dinitro-a-riaphtii()I by reduction, with am- *iitre to a solution of 2-aniino-3-naphthol-6- 
monium sulidiide, forma yellow iiecdlea, m.p. sulphonic acid in auljiburic acid at 5 . Tt forms 
130® (Kbel), Ber. 1875, 8, 504). yellow needles, its polaiisiuin. and sodium salts 

(i.) Nitro -1 - amino - 2*- naplithol - 4 - sulphonic and it (^an be dia/.otised (Cas- 

^ acid. If nitrosulphunc acid containing snllicient sella, I). H.-P. 110300; 111033). 
dissolved anhyclri<le to remove water formed in NdrodiazoMiphlnolMilidiovic acids^ Although 

the reaction be addetl to a BU-spension of 1- certain cases nitro-l-amino-2-naphthol- or 

amino.2-naphthol-4-Rulphonic acid in mono- "itro-2-amino.l-nai)htliol. sulphonic acids have 
hydrate at 0°, nitration instead of oridation no* de,scnbcd, the corresponding diazo- 

occurs. The whro-compound, ycllmi ish-hrown compounds can be obtained by nitrating o-diazo- 
needies, yields a. dianiino-2-naphiIiul‘i-suiphnmc naphtholsulphoiiic acids. [Nitro-l-diazo-2- 
ncid on reduction, and nhen dmzotiscd a iJiazo- naphthol-4-sulphonic acid((4eigy, D.R.-P. 
oxide closely resembling the iiitro-l-diazo-2- lfi‘lfir>,5; Eng. P. 15418 of 1904) forms pale yellow 
naphthol.4-8ulphonic acid of 1). R.-l’. I(i4(155iii crystals, and couides with phenols and aminos 
properties (Kallc, C. Il.-P. 249724). forming nzo-dyes (Gcigy, D. R.-P. 169683; Eng. 

(ii.) 3-Nltro l-amino-4-naphthol-0-sulphonic P-159^ of 1904). Nitro-l-diazo-2-naph- 
acid [2:4:1:71 obtained from naplithol thol-6-sulplionic and nitro-2-diazo- 
yellow S by reduction with stannous chloride l-naphthol-6-aulphonicacidBgivoazo-dyes, 
and hydrochloric acid (Lauterhaeh, Ber. 1881,' m which, with ailialino reducing agents, the NO, 
14, 2029; Finger, J. pr. ('hem. 1909, [ii.] 70, radicle can be converted into a diazotisableNHg 
442) forms sparingly soluble golden-yellow (Kalle, B. K.-P. 176619). 

scales and is chazotisable (Gescllsch., B. R.-V. 

Iw613 ; Eng. r. 7535 of 1906). When boiled Buminonapkthols. 

with alcohol and copjier powder, it is converted Introductory. —The diaminonaphthols have 
into copper 2 • nitro • a • mphihol - 7 - sulphomtc been isolated only in three cases, being very 
(Knger, l.c.). rajiidly oxidised on exposure of their solutions 

(iii.) 4 Nitro-2 ainino-I-naphthol-7-sulphonic to the air. In the table a summary is given of 
acid, obtained when naphthol yellow S in am- the hydrochloricies, obtained chiefly by reduction 
moniacal solution is reduced by sodium sulphide processes ; the acetyl derivatives, by which the 
at 90®-96°, forms yellow^ crystals, sparingly diaminonaphthols have been characterised; and 
soluble in cold water, and can lx* diazotised the sulphonic acids belonging to this group of 
(G^sellsch., I.C.). compounds; 

NHa: NH,: OH 

1:2:3 Unkiiowu. 6-S ulphonic arid obtained by reduction of azo-dye from 2-aioino-3-naphthol* 
18 :. 4 : 21 O-sulphonic acid (Oassella, D. ll.-P. 233^39; Eng. P. 15646 of 1910). 

1:2:4 Unknown. /)iac«fyfm«fM>‘'fAer,m.p.254°(HenrlqueB,BeT.1892, 26, 3067);efAenpfderiva- 
{3 : 4 : 1] > tlve, needles, m.p. 179® (Heermann, J. pi.-Chem. 1892, (11.1 45, 662). 



NAPHTHALENE. 


497 


KHa:NH,:OH | 

1:2:6 I Pnknown. 7*8ulphonlc acldobtalnedbyrediictionofftao-dyeformedbycowpllnRdiazotlsed 
: 1] I p-EdtxanillDe with 2-amlnO'5-uaphtlto!-7-8uli>honic acid iu acid solution (Bayer, D. K.-P. 

; 172319; Eng. P. 1676 ol 1905). * 

I I 

1 : 2 ; 7 I Not described. Obtained by reduction of 7-hydroxy-rj3-]napbthaqiiinonedioxnne. Hydro- 
[7 : 8 : 2] I diUmde, B'2iICl; tnacetyl derivative, in.p. 244'’-245° (Niotzki and Knapp, Ber. 1897, 30, 
1124). 

1:2:8 Not isolated. Obtained by reduction of 8uli>]ionaidlaz<)-2-nmIno-8-nai)hthol (Badisehe, 
[7:8:1] 1>. It.-P. 90212; Eng P. J5953 of 1896). • 

Tin; 4-, 5-, 6- mono-, and 3 : 6- ami 5:7- dlsulphonio acids have been obtained from 
the oorrespondmg 2-aiiiluo-8-naiihthf)lsul|)lioiiic .a<'kls ((/. Badisclu*, /.c.). and the 6-tnnno- 
siilpiionie ttcjd from 2-aniiiH)-H-naplithol-(kHiilplinnieacid (Hnycr, 1) R.-P. 87900 ; Eng. 

P. ()(I35 ol 1893) by reducing the azo-dyes formed l)y eoil5)ling with diazotised huscfl. 

1:3:4 Not isol.ated. Olifained bv reduction of 2 • 4-dimtro*<i-naplitfto| with tin and hydrochloric 
[2 : 4 ; 1] acid. IIiidTovhlorid>\ (P2H<J!, seal-^^. and ^ulp/iaie, b * 2 II 2 O. needles, are both 

rapidly oxidised m aii to dnmino-'fiinjMlwl (<lrael)e and butlwig, Annalon, 1870, 312); 

tnacetyl denxative, neeille.s, m p 280^’. ileeomj) (Meersoii, Her. 1888, 21, 1106) 

TTie 7-sulphonic acid, olitaincil h\ n'diictioii ol ii.iphnioi vellow H, gives hydrochloride, 
BIKT, in needles ((laoss, Ber. 18<)9, 32. 232. rf Lau(erl>aeh, Ber. 1881. 14, 2028), is not 
diazotisable, does not couple {rf. Aklieiiges , I) It -P H()148; JOiig. P. 861.5 of 1893), and 
I is readily oxulif-eikk' tlie dt/miHc-compound (Laiderbac)i, Ir , (Jinw, l.r.). 

I 

t : 8 : 5 ^ Unknown. The T-siiljilionlc acid, obbiiued i)v digesli.itt l:3-diaininonapitthaIene-.3:7- 
[6:7:1] disidphomc acid with 60 p e eaiistie soda solution .d 210'. coujiles witli dm//>tl«ed bases 
' (Kalle, J). It -P. 922.39) 

1:3:8 IUnknown. The 0-siilpliouic and. obtained siniii.iilv from 1 . S-diaiiuiinnaphtlinleno-O : 8- 
[6 : 8 : ]] 1 diftiilphonic acid, ('Oiii)les with diazotised bases (Ixalie, 1) It-J*. 92239). 

1:4:2 Not isolafed. Dbtuined by reduction of iha(‘etvI-}-uilTo-l-aTnino-2-naphthol, or of azo- 
derivatives of l-amino-2-na])litliol is lapidlv o\i<lised to blue oimnic hi the jur (Nietzkl 
1 and Becker, Ber 1907, 40, 3397; rf Kalle, I) It-I*. 1ti.')901), Iludrorhlonde, B’2H(T, 

I noedJe.s; N-rfmrcfy/dorlNativc, m.p 230’ 2<5(r. decomp. {K'eiirmanii and Hertz, Ber. 1896, 

' 29, 1417) • 

1 'ITie 6-sulpho nic acnl, obtained by reduction of azo-denvativenf l-aiuino-2-naphtliol- 

i 6-HiiI|>honi( aeid, forms/ij/dwc/i/orM/*'. It lli'l (Nu t/.lci .11111 bicker, / r ; Kalle, f.r.). 
j 'riie S-suliiliouie acid, obtained by reihictioii ot eroeein yellow. loTins hydrochloride, 

! B HCl needles, readilv oxidised to tlie (OmioHi-denvalive, and is diazotisable (Nletzki anil 
I Zubelen, Ber 1889, 22, 43.3). 

1:4:81 Not described. Obtained by reduction of aeet.\l-4-nitri)-l-ainino-8-iiaplithol (Flchtnr and 
[5 . 8 : 1] I (iageur. Ber 1906, :{9,3:136). 

1 : 6 : 3 I T'nknown. Tlie T-sulphoiiic acid, ohlained by lusing I • 3-diaininonaphthale.ne-3 : T-disul- 

[4 : 8 : 2] j jihonic iieul with 90 p e. caustic soda solution at 200 -240' lorms needle.H sparingly soluble 

j in hot water and couples with diazotised ba.se8 (Cassell.i, D. Jt -P 01000). 

1 : 5 ; 8 I Not isolated. Obtained by rodiielion of 8-nitro-4-uitroso-a-naphthol (Friodliinder and * 

[4 : 8 : J] I .Sclierzer, cj .) Soe. Chciu. Jlid 1900,19,339, tJraebe uliil Oeser, Aiinalen, 1901, 33.3, 163) ; 

! m ol azu-derivatlves ol J-ainiiio-S-iiaphtliol (I'Tchter and (.iageur. Ber. 1006, 39, 3333). 

I Ilydror/ilorule, B2liCI; derivative, needles, in p 247 , tnacdyl derivative, 

. m.p. 268“ (FjeliU'r and (J.igeur ,! c ) 

1:6:2 1 M.t) I'll" (rf. (.'.lasWIft, ]). Jl-P. lITillS; Krig*P, KiN!) of I81W Klitaoii'd tiv re.luctloii of 
! 1 ; 6-(liJiitro-p-iiaplitliol (Loewe, ber 1800, 23, 2.343; KelinuaiHi and Matls, Ber. 1898, 

.31. 2413). Hydrocfiliiridc, B 2H<;i, needles; N-diacetyl derivative, needles, iii.p. 235"; 
tnacetyl derivative, needles, ni p. 203' (Loewe, I c). 

1:7:2 Seales, m p 220" (decomp.). Olitiinied by reduction of azo-derlv.iTive of 7-arnino-2-napbthoI 
((JasseUa. !>. B-P. J1720S, Bng P. 16149 of 1800). .S'w/p/i'/fc, sparingly soluble (iftwf.): 

I N-diacetyl derivative, needles, unit. 226'’; tnacdyl derivative, needles (Kehrmann and 
Wolfi, Ber. 3900, 33^1.340). 

1 : (?) : 2 I Uaknown. Tlio 4-sulphonie acid, obhiined bv reduction of nitro-l-aralno-2-naphthol*4- 

I Hulphonic acid, gives hydrochlonde in needles (Kalle, H Jl.-P. 240724). 

1:7:8! Not is.dated. Obtained by reduction of i-aminn-7-nitroso-8-naphthnl.* Hydrochloride, 

[2 6:3] B'2H(JI, needles; tnacetyl derivatni', needles, m.p. 234“ (Fichler and Qageui’, Ber. 1906, 

39.3338). , 

! The 3 • 6-dUulphouIc acid, oblaincrl }>y reduction of azo- derivative of l-amlno 
8-uaiihtJiol-3:0-disulphome aclil, is not diazotisable In ueid solution (Hochst, D. Bui?. 
92012). The 4-mouo- and 4:0-di-aulphonic acids, obtained ainillarly from azo- 
derivatives of l-amlno-8-naphthoi-4-inono- and 4: G-di-siilphonlc acids, iiave been Introducec^,^ 
like the 3 : C-disulphonic acid, os jihotograplde developers (Schultz, J>. It.-P. 10J963). 

1:8:4 Not i.solated Obtained by reduction of 5-iiitro-4-nitroso-a»naplithol (Friedl&nder and 
[4:6:1] Sclierzer, c/. J. Soe. Chem. Ind. 1900.19, 339; firaebe and Oeser, Annalen, 1904, 335, 162). 

I npdrochloTide,Ji 2H01. 

2:8:81 Unknown. The 0-su!phonlc acid, obtained by digesting 2.3-diaminonaphthalene*6 : 8* 

[6 7:1] Utsulphonic acid with 00 p.c. caustic polu.sh solution at 190“-200'’, forms an orimino-derlvatlve 

I with nitrous acid, and couples uitli diazotised bases (yVktienges., D. K -P. 86448 ; Eng. P. 
8046 of 1896). 

2 • 6 • 1 I Not i8f>laU‘d. Obtained by reduction of 6-nitronaphthaIene-2-dlazo-l-oxlde. HydrocklondCt 

\ not described; fnocefi/f derivative, needles, m.p. 261", dccomp. (Gaess and Aramelburg, Ber. 

I 1804, 27, 2213). 

2 • 7 : 8«l Unknown. ITie 6*8ulphonic acid, obtained by reduction of wwdOTivatlveoffJ-naph- 

|2 : 7 : 1] > thyiamine*6:8*dlsulphonic add, is not diazdtlsable in acid soiiitton (Hbchst.D. H.‘P. 92012). 

VoL. IV.—2'. ■ 2 k 
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VIII. Dihydroxy- Derivatives. 

Introductory. —^Tho dihydroxynaphthalenes, 
like the naphthUe, can be obtained irom naph- 
thalenesulphonic acids by fusion with caiiatic 
alkali. For this purpose the four diaulphonic 
acids producible from naphthalene by 8 ul])hona- 
taui, six 4 af the naphtholnionosuljdionic acids 
and fi-naphthol-3 : (i-(b 8 ul])honie ac^nl have been 
employed. It has not been possible to prepare 
1:2-, 1:3- or 1 : 4 -dibydro 7 iynaplilhalene by 
this method. 

Anoth(‘r proeess, althVnigh less j^enoraU m 
which diarninonaplUhalencFi, aminonaphtloils or 
aminonaphthol 8 iil|>home acids are heated with 
dilute ninu^ral acid under ])res 8 iire, leads to the 
formation of diliyilroxynajihthideiies liy ex¬ 
change of the NHo radu-ie for OH, and—when a 
sulphonie acid is I'tnployed—eliniination of the 
SO 3 II grouj) by hydrolysis: • 

S 

AAjsjh AA()h AAoh 

I I i ‘ i ; 1 <- I ! ; 

VV VV VV 

OH OH NH, 

1 ’he conviT.sion of (^ertnin of the diaininontiph- 
thalenes and ammonaphthols into dihydroxy- 
naplithnlenes may al.so be effected by the 
bisulphite method (r. ]k 410). 

J''or the preparation of the 1 : 2- and 1 : 4- 
dihydroxynajihthalenes (naphthaipnnots), re¬ 
duction of the respective najdithaquinones is the 
only practieahle method. 

The diliydroxynaphthalenes, of which the 
complete scric's of ten is known, an' easily 
soluble in caustic alkali solutions, but only 
sparingly so in cold water; the alkaline solu- 
^ tions rapidly become dark brown or black on 
exposure to the air. 

When heated with ammfuiia under jiressure, 
the four ajff-dili.vdroxynajilitlialenes yield 
ainino-a-naphihols as niterniediatc jiroduets, 
thus resembling 8- rath“i than a-naphtlpil. 

With nitrous acid the hcteronuelcal di- 
hydroxynaphthalencs yield mononitroso- com¬ 
pounds, which, when the mtroso- grouji oeeu]<ios 
the ortho- position, furffish lakes M'lth ehromiiim ! 
or iron salts. The nitroso- derivative formed 
from the raonoalkyl ether of 1 : 8 -dihydroxy- 
naphthalene is said closely to resemble 2 -nitroso- | 
a-naphthol, and that from the 2: 6 - or 2:7-! 
dihydroxy- derivative I-nitroso-^-naphihol in j 
properties. '] 

Most of the dihydroxynaphlhalenes by | 
coupling with diazotised bases furnish monoazo¬ 
dyes which form lakes with chromium or iron 
saiis. Fastness on chromed wool is a distinguish- 
^ing feature of the orf/w-monoazo- dyes produced 
by coupling the 1: 5-, 1 : 7- and 2 : t»-isomeridcs 
respectively in w'eak alkaline solution w'lth 
diazotised o-aminopheni)lsulphonic aciils {Bayer, ; 
I). K.-P. 16778(); 1(54318; H54317 ; Eng. P. ! 
18669 of 1902 ; v. p. 607). Azo- dyes obtained ; 
by coupling 1; 3-dihydroxynaphthaleno have 
a characteristic yellow' shade. 

Bihvdroxynaphthalenbs. 

OH (i.) 1 :2-DihydroxynaphthaIene(^-] 
AAoH [^-]napkthahyaro- 

] 1 1 quinom) is obtained by reducing 
V V [j8-]naphthequMione with 'sulptiurous 


acid in the cold (Liebermann and Jacobson, 
Annalen, 1882, 211, 68 ; Paul, Z. angew. Chem. 
1897,10, 24); or by heating l-amino-2-naphthol- 
6 : S-disulphonic acid with water under pressure 
above 200*^ {Bayer, H. K.-P. 89242). 

Identification. —It forms scales, m.p. 60*^, 
j dissolves in alkalis forming yellow solutions 
whieh become green on exposure to the air, and 
in aqueous solution exerts a severe caustic action 
on the skin (J..iebprmann and Jacobson, l.c.; 
j Paul, l.c.). The dmcciafe forms scales, m.p. IIO^' 
(Crepienx, Bull. Soe. chim. 1891, fiii.] 6 , 168); 
the \-iiiefhyl monoelinie plates, ni.p. 90’5" ; 
the dinieiln/l dhvr, m.p. 3P, b.p. 278^-280® 
(B<- 7 ,dzik and Friedlander, Monatsh. 1909, 30, 
289). 

Urnctiovs .—With diazotised bases it couples, 
forming azo- dyes whirJi give red to biuish- 
' violi't lake.s with aiuminium or chromium salts 
(WiH, r>. K.-P. 49979 ; Eng. P. 2409 of 1889 ; 
cf. Paul, l.c.). In aqueous solution with ferric 
cliloride, it yields \f-]vaphtlia(jV'monc {Zincke, 
Anruilen, 1892, 268, 275). Kitne acid of sp.gr. 
1*48 converts it into ‘.\-vilro-[B-]naphiha(juinmie 
{Korn, Bet. 1884, 17. 3624 ; cj. Zineke, l.c.). 

(ii.) 1 :3-Dlhy(iroxynaphthalene is obtained 
when l-amino-3-na]»hthol is lioilod with dilute 
aeul (Friedlander, Ber. 1896. 28, 1952); or 
when I -aiTiino-.‘{-naj)lithol-4-sul]»honic acid is 
heated with watei <u dilute ueid at 120° (Fried- 
landi'r and Hudt, Ber. 1896, 29, 1()09); or when 
2-annno-4-na])hthol-8-siilpiionio acid {Bayer, 
1). K.-P. 87429 ; J). P. Anm. F. 8070 : Eng. P. 
3680 of 1895), or J : 3-diliydioxyna])lithalene-7- 
moiKi- or 6 : 7-disul]ihonic acid (Bayer, 1). R.-P. 
90096; Eng. P. 4962 of 1896) is heat-cd with 
6 p.e. sulphuric acid at 236"; or when 1;3- 
diliydroxy - )9-iiajdithoie acid is heated with 
water at 100" (Melzner, Annalcn, 1897, 298, 
388). 

Jdeniifica1ton.-^]t crystallises from water in 
scales, iii.]». 124", is almost insoluble m benzene, 
becomes rapidly brow'n in alkaline solution on 
expc»sure to the air, and gives with ferric chloride 
a yellow'ish-brown precipitate. The diacetate 
forms prisms, m.p. 66 ° (Friedlander and Kiidt, 
l.c.). 

Jieactivns .—With diazotised bases it couples 
in '^alkaiine or weak acid solution, giving azo- 
dyeft characterised by their yellow colour (Fried¬ 
lander and^Riidt, l.c.). Digestion with CO p.c. 
caustic soda solution at 180°-200® converts it 
into C| loluic acid {Friedlander and Kiidt, l.c .; 
Kalle, D. R.-P. 70028). W'hen heated with 
aqueous ammonia at i30°-140°, it yields 2- 
am'no-\-napWiol or \'.'i-diaminonaphlhalene, 
and with dJo\\\nQp}tcnyl-2-ainino-^-7Mphihol. Con- 
I densed with phthalic anhydride and either phos¬ 
phoric oxide at 130°, or zinc chloride at 200 ®, it 
furnishes naphthajluorcHcein (Friedlander and 
Riidt, l.c .; jVayer, D. R.-P. 84990; Eng. P. 3497 
of 1896). 

(lii.) 1:4-Dlhydroxynaphthalene ([a-^-naphiha- 
quinoly \ a-']naphlhahydroquinone) is formed when 
[a-]naphthaquinone is reduced with hydriodio 
acid and phosphorus (Groves, Chem. Soc. J. 
1873, 26, 210); with tin and hydrochloric acid, 
or at 14(l°-150° with sulphurous acid (Plimpton, 
Chem. Soc. Trans. 18!^, 37, 636); or 'with 
stannous chloride and very dilute hydrochloric 
acid (Russig, J. pr. Chem. 1900, t*i*] 62,82). It 
is be^t prepared by adding powdered [o-} 
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aaphthaquinonc to a boiling mixture of tin and 
hydrochloric acid. 

Identification, —It crystallisea in needles, 
m.p. 179®, and is readily soluble in alcohol, ether, 
or boiling water, but only sparingly so in benzene. 
By chromic acid or other oxidising agents, it 
is converted into [a-]n(iphtIiaqui7ione. The di¬ 
acetate forms tablets, m.p. 128"-1.10” {Korn, 
Ber. 1884, 17, 3025). 

Alkyl derivatives. The monomelhi/l 
ether, obtained by etherification at the ordinary 
temperature with 18 ]).c. methyl alcoholic 
hydrogen chlonde, forms needles, m.p. 131®; 
the mo7iofihf/l ether, prepared by boiling th(' di- 
hydroxynajihthaleiie witli 3 p.c. ethyl alcoholic 
hydrogen chloride, forms needles, m.p. 105® 
(Badisehe, B. R.-P. 173730 j Kiig. P. 7287a of 
1900 ; ef. Russig, .1. pr. Ohem. 4900, [ii.] (>2. 
60). These etheis, which can also be obtained 
by heating l-amino-4-naphtho! hydi’ochlonde 
with the respective alcohol under ])ro.M8iire at 
170®-180® (Hochst. I). R.-l\ 234411), when 
coupled witli diazotised aniinosulphoiue acids, 
furnish orlho-nzo- dyes (Ibidische, i>. R.-P. 
170040; Eng. P. 7287 of 1900). The din>Nh>/l 
ether forms needles, m.p. 85® (Kusaig, l.r.). 

(iv.) 1 : 5-Dihydroxynaphthalene j.s formed 
when potassium a-naphth<)l-5-sulphonate is 
fused with caustic, potash at 200'-250'' (Clcve, 
Bull. Soc. chini. 1875, (ii.J 2-1, 513; hJrdniaiin, 
Annalen, 1888, 247, 350; cf. Ewer and 
D. R.-P. 41934); or when sodium naphthalone- 
1 ; S-disulphoiiate is fused with caustic soda at 
220®-200® (Evyerand Pick,/.r.; Bernth.son and 
Semper, Ber. 1887, 20, 938; Schultz, dud. 
3101); or when 1 : 5-diamiiionjiplitlialcnc or 
l-ainino-5-naphthol is cither heated with 4 
p.c. hydrochloric acid under pressure at 180° 
(Aktiengos., 1). P. Anm. A. 4029), or hoilcd wifh 
sodium lusulphiti^ solution and tlu; product 
decomposed by alkali (T^uclierer, J. ])r. Ohem. 
1904, 111.] 09, 84; ef. 79, 352). 

Idc'idifcation .—ft crystallises from water 
in scales, m.i). 20.5” (Bentley, Robinson ami 
Weizmann, Ohem. Soe. Trans. 1907, 91, 100), 
sublimes in needles, is almost insoluble in 
benzene, reduces silvci solution, and in alkaline 
solution becomes dark brown on exposure to th(‘ 
air—a property which has suggested its iise^as 
a hair-dye (Erdmajin, B. R.-P. 5H*73). I’he 
diacetate iorrm feathery crystals, m.p. 159'-1<)0® 
(Bernthsen and »Somper, Le.); the dihei^onte, 
scales, m.p. 235® (Fischer, J. j)r. Ohem. *191(>, 
[ii.] 94, 14); the mowimethyl ether, leaflets, m.p. 
140®; and the needles, m.p. 181^- 

184® (Bentley, Robinson and Weizmann, l.c.). 

Reactions. —It couples witli most diazotiscd 
bases forming para-nso- dyes {J'hscher and 
Bauer, J. pr. Chem. 1917, |ii.] 96, 205; cf. 
Erdmann, Annalen, 1888, 247, 36(^. or dkazo- 
dyes if the coupling bo effected in alkaline 
solution (Badisehe, J). P Anm. B. 3.3987; 
Eng. P. 10530 of 1903). With nitrous acid, it 
gives the 2’nitroao’ derivative (Fischer, lx .; 
cf. Road, Holliday & (>)., B. R.-P. 68809; Eng. 
P. 1812 of 1890). On oxidation with chromic 
acid mixture, it is converted into jtiglone (6- 
hydroxy-[a-]naphthaquinoiie; ef. Bernthsen and 
Semper, l.c.). Sulphuric acid at 50°-60® con¬ 
verts it into a giixture of the 2- and i-monosUl- 
phonic acids, but at 100®-160® into a disulphonic 
acid. By digestion with ammonia at 260®i-300® 


j or by the bisulphite reaction, it yields 1; 6- 
i diajninonaphihalcnc. When heated with potas- 
' sium hydrogen carbonate suspended in anhy- 
I drous media at 230®, a dicarhoxijHc acid, m.p. 

I 300®, is obtained (Hemmelmayr, Monatsh, 1917, 

: 38, 84; B. R.-P. 296035; 296501). 

(V.) 1 ; O-Dihydroxynaphthalene is formed 
when sodium naphthalene-1: 6-disulphonate is 
fuH(Kl with caustic soda at 23<)®-250® (Ewer and 
Ihck, B. R.-P. 45229); or when |8-naphthol-5- 
j sulphonic acid is fused with caustic potash and 
a little water at 26()®^(3au8, J. pr. Ohem. 1889, 

' fii.] 39, .316); or when I : 6-dihydroxynaphthal- 
cne-4-sulphonic acid is desulphonated by sodium 
amalgam (Fricdlander and Lucht, Bor. 1893, 26, 
3034). 

Idrniijieatiov. —Ii crystallises from benzene 
in small prisms or serrati'd scale.s, m.p. J36®, 
.siiliiimcH in scales, is only sjiaringly soluble in 
water, and with feme chloride gives a transient 
blue colouration. .The diaeefatc. forms prisms. 
Ill.]). 73® (C3auK, l.e.); the dibe.7izoate, m.p. 

j ]()3®-J0j'‘; \hi'(fiiiiefhf/Iether, needles, m.p. 60®- 
j 61”; and the du/hi/l ether, needles, m.p. 83® 

I (Fischer and Bauer,3. pr. Ohem. I916,|ii.]94,2). 

I IdvefionM .—It cou])les in acid solution with 

i diazof is(“(l bases forimng monoazo- dyes almost 
: entirely of the para- ty|)e («• in alkaline solution 
givingf/iw'o- dyes(F isoIkt and Bauer,/.<*.). With 
I nitrous acid it yields chielly the 2-tn7ra*'o- mixed 
with sorni‘ of tlio 4-ndro.w- derivative (Fischer 
and Hauer, Le .; ef. Read, Holliday & Co., 
B. R..l\ 68809 ; Eng. P. J8I2 on890). Dips- 
tion with atimionia at 150®-300® converts it into 
J : () diaminonaphtholc7)e. When heated with a 
mixture of potassium carbonate and bicarbonate 
in an anhydrous medium, it furnishes a mono- 
carboxi/lic aeid, m.p. 200® (Hemmelmayr, 
Monaf-sli. 1917, 38, 86). Tleated with an equal 
weight of phthalic anhydride at 180®-200°, it 
gives 3: ll-d7liydro.ri/fiftphih(ifuoran, which 
forms oxoiiium salts with acnis (Fischer and 
Komg,^er. 1914, 47, 1070; 1917, 60, lOH ; 
Hochst, B. R.-P. 275897 ; ef. Konig, Ohem. 
Zeit. 1914, 38, 483), but if boric acid bo present 
J ; i>-fhliydro.ri/naphthoyl’0-he7izoir, acid is the 
product, which is sweet enough to be a sugar 
substitute (Gescllsch., I). R.-J\ 311213). 

(vj.) 1: 7-Dihydroxynaphthalen0 is obtained 
by fusing ^-naphthol-8-sulphoiiic acid with 
caustic potash (Emmcrt, Annalen, 1887, 24J, 
371; Bayer, D. R.-P. 53915; Eng. P. 14230 of 
1880); or by heating 1: 7-dihydri)xynaphthal- 
ene-3-8ulphonic acid with dilute mineral acid 
{cf. Bayer, D. R-P. 86241): or by boiling 
1 : 7-(iihydroxy-j8-naphthoic acid with aniline 
to eliminate carbon dioxide (Friedlander alR 
Zinberg, Bor. 1896, 29, 40). ^ 

Identification. —It crystallises in needles, 
m.p. 178®, is moderately soluble in water, but 
readily so in benzene, rapidly becomes black on 
exposure m alkaline solution to the air, and with 
ferric chloride gives at first (like a*naphthol) a 
white turbidity which with more of the reagent 
becomes blue (Friedlander and Zinberg, Lc.). 
The diacetate forms rhombic tables, m.p. 108® 
(Emmcrt, ^.c.). 

Reactions. —It couples in alkaline solution 
with diazotised o-aminophenolsulphonic acids 
furnishing monoazo- dyes (Bayer, D, R.-P. 
164318^ Eng. P. 1856(^ of liK>2). With nitrous 
acid it yields a monomtroso- derivative (Bayer, 
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1). R.-P. 53916). Heated, as sodium derivative, 
with carbon dioxide under pressure at 140S, it 

f ives 1: l-dihydroxy-^-mfhtkoic acid (Heydcn, 

). R..P. 66414). 

(vii.) 1: 8'Dihydroxynaphthalene is^obtained 
when either naphthasultone or a-naphthol-8- 
eulpbonio acid is fused with 76 p.c. caustic 
potash soRition at 22()'^~230° (Krdinanii, Annaleri, 
1888, 24V, 366); or when a-naplithylamine-8- 
sulphonic acid is lusated with !♦ p.c. caustic af)da 
solution under jucssurc at 220‘-2()0" {Hdchst, 
D. 3*. Anm. F. i)311). It^is nlso formed when 
1:8* dihydroxynanhthaiene - 4 - Huljihonic aenl 
(Bayer, 1). It..P. 6782!); Kiig. lM3n()5 of 18SS); 
cf. Heller and Kretzscinnann, Bor. 1!)21.64,105)8), 
or 1 : 8-dihydroxyna]>hthalene.2 : 4-<lisulphome 
acid (Drcsscl and Kotlie, Ber. 181)4. 27, 2143), 
or naphthasultamdiHuljdioiiic acid l> (Bayer, !>. 
R.-P. 80608; Eng. P. 41)7!) of 1HI)3) is heated 
with 20 p.c. suljihunc acid'at l(>0'^-200“; or 
when 1 : S-diaininonajihthalenc is heated with 
J7 p.c. hydrochloric acid under pressure at 180'^ 
(Aktienges., 1). J‘. Aiiin. A. 4028). 

idcntijicafioii .—It ery8tal)is(!8 in long needles, 
m.p. 140", or with I nutl. H^O in scales, oxidises 
rajndly when moist on o.xposure to the air, is 
only sparingly soluble in water but dissolves 
readily in benzene, aed gives with ferric chloride 
a white flocculent ]>reci[ntate, which rajudly 
becomes green. The diacdaic foims scales, m.]). 
147"-148" (Erdmann, Lc.) 

Jicactionfi. —With diazotised bases, it eou]>le8 
in acid solution giving i-inoJioazo- dyes (Badisehe, 
i). R.-P. 616.7!)), but in alkaline or acetic acid 
solution 4: 1-djmzo- dyes (Erietllaiider and 
Silberstern, Monatsh. 1902, 23, 518 ; Hidlcr and 
Kretzsehmann, U.). With nitrous acid il Inr- 
nishcs a mononAlroso- derivative (Holler and 
Kretzsehmann, l.r.; cf. Bayer, 1>. K.-P. 51478 ; 
Eng. P. 14230 of 1889). On oxidation with 
ohromie acid mixture, it. yields 5-hi/dro3ry-[a-] 
mphthaqiiinone in small quantity (ICrdmann, 
lx.). Heated, as sofhum derivative, witi^ carbon 
dioxide undi'r jiressurc at 140", it yields 1 : 8- 
dihydroxy-fi-imphlltoic acvl (Heyden, i). It.-P. 
65414). "When warmed with sulphuric acid at 
60", it is converted uitsi a mixture of the 1-, 0-, 
and l^$'disulphomc andti (Badisehe, I). K.-P. 
79029, 79030; cf. Eng. P. 14294 of 18i)l). 

By condensation with acyl chlorides or 
anhydrides m presence of zinc chloride at 140"- 
160", yellow or orange dihydroxyketones {c.ff. 

1 : ^■4ihydroxy-2-iiccto7Kiphfho'tH\ needles, m.pr 
100"-101", and henzomphthom’, needles, m.p. 
121®-122") are obtained which form lakes with 
alumina, &e. (Lange, 1). K.-P. 126199 ; Eng. 1’. 
»:D70 of 1900 ; (■/. 1). R.-P. 129035, 129030). 

(viii.) 2: 3-DihydroxynaphthaJene has been 
■prepared by fusing ^-naphthol-3 : 6-disulphomc 
acid, or 2 : 3-dihydroxypaplithaIcne-6-aulphonic 
acid, with 90 p.c. caustic soda solution at 
280"--320" (Badisehe, D. K.-P. 67525; Eng. 
P. 15803 of 1890); also by heating 2:3-dihy- 
droxynaphthaleno-O-sulphonic acid with 25 p.c. 
sulphuric acid at 200" {tbid. ; Friedlandcr and 
Zakrxewski, Ber. 1894, 27, 7t»2); or 2-ammo- 
3-naphthol-6-8ulphonic acid with dilute mineral 
acid under pressure at 180"-200" (Hdchst, i). 
R.-P. 73076; cf. Friedliinder and Zakrzewski, l.c. ). 

Identification. —It forms monoclinic scales 
(Siegmund, Monatsh. 1908, 29, J087), m.f. 100"- 
161", is sparingly soluble in water, and gives 


with ferric chloride a dark blue colouration or 
precipitate (Badisehe. l.c.). The monomethyl 
ether forms needles, m.p. 108°; dimethyl eihert 
needles, m.p. 115"-116"; monoethyl ether, m.p. 
109"-110"; diethyl ether, m.p. 96"-97" (Fried- 
lander and Silberstern, Monatsh. 19(^2, 23, 619 ; 
iSilbcrstern, I). R.-P. 133459). 

Rcadioruf. —With diazotised bases it couples 
giving in an acetic acid bath l-monoazo- dyes, 
and in an alkaline hath 1: i-disazo- dyes (Fried- 
lander and Silberstern. l.c .; cf. Friedliinder and 
Zakrzew'.ski, l.c. ; Baihschc, D. R.-P. 62947). 
By the bisulphite method at 80° or w'hen digested 
with 30 p.c. ammonia at 140"-160° it yields 
2-amino-:i-/iaphUiol, but at 250", 2 ; S-diamiiw- 
naphthalene. 

(IX.) 2:6-Dihydroxynaphthalene is obtained 
by fusing sodyim na])hthalcne-2.6-di8ulphonate 
[cf Armstrong and Graham, Ohem. Soc. Xrans. 
1881, .3!), 140), or sodium )3-naphthol.6.sul- 
]>honate (Armstrong and Graham, l.c. ; Emmert, 
Aimalcn, 1887, 241, 365)) with caustic potash. 

IdviUtficaUon. —It torma rhomb-likc .scales, 

111 j). 218 ' (Willstutter and Parnas, Ber. 1907, 40, 
1410), ilissolves only sparingly m water (1 litre 
at 14" dissolves 1*08 grin.) or light petroleum, 
shows strong blue tluoresccneo m alkaline solu¬ 
tion, gives with ferric chloride a yellowish-whito 
precipitate, and has a strong caustic effect on 
thii skin. The dmedale forms scales, m.p. 175" 
(ICmmert, ^.c.); tlio duncilit/l ether, rhomb-like 
scales, m.]>. 150" (Willstattcr and Parnas, l.c.); 
tin; didhyl eth<r scales, m.p. 162" (Emmert, l.c.). 

Jicdciwn-s. —Jt couijles liiinishing in acetic 
acid solution l-?flo?iw;::o-dyes (Kchrmann, Ber. 
1907, 40,1962) oi in alkaline solution i-monoazx- 
mixed w'lth dtmzo- dyes (Kaufler and Brauer, 
Ber. 1907, 40, 3276). With nitrous acid it 
give.s the 1-wi/ro.sr)- derivative (Bayer, D. R.-P. 
55120, 59268; Eng. P. 14230 of 1889). In 
boiling benzene solution it is oxidised by lead 
peroxide to 2 : i>-n<tphthaqu%none. Heated with 
ammonia at 150"-300", it yields 2 : iS-diaininO' 
naphthalene, and with aniline at 170", diphenyl- 
2 : ^•diamino)i<tphthalene. Monohydrate at 5" 
converts it into an acid which Bayer & Co. con¬ 
sider to be the 4-mono8ulphomc acid (1). R.-P. 
72£i22), but Jacchia, the 1 : b-duulphonic acid 
(Aiinalcn, 1902, 323, 114); with sulphuric acid 
at 100" ilf;^ives a disvlphonic acid (Griess, Ber. 
1880, 13, 1959). 

(X.) 2:7-Dihydroxynaphthalene is formed 
when* sodium naphthalene-2 : 7-di8ulphonate is 
fused with caustic soda at 290"-300" (Ebert and 
Merz, Ber. 1876, 9, 009; Weber, Ber. 1881, 14, 
221)6); or w'hen ^-napbthol-7 sulphonic acid is 
fused wnth caustiy soda (Pfitzinger and Duisberg, 
Ber. 1889, 22, 398). It is also formed when 
2 : 7 -dihydroxynaphthalene-S : 6 • disulphonic 
acid 18 heated with 20 p.c. sulphuric acid at 200" 
(Bayer, 1). P. Anm. F. 7243; Eng. P, 26074 a 
of 1893). 

Jdenlifkatioh. —It forms needles, m.p. 190° 
(Clausius, Ber. 1890, 23, 620), dissolves readily 
in hot water, but only sparingly so in benzene, 
and gives no colouration wdth ferric chloride, but 
blackens rapidly in alkaline solutionu Tke 
diacelate forms scales, m.p. 136" (Clausius, i.c.) ; 
the dibenzoaie, scales, m.p. ]38"-139° (Weber, 
l.c'.); the monomethyl ether, neej^les, m.p. 117", 
its acetate noodles m.p. 130", and its nitroao- 
compound, scales, m.p. 129" (Fisoher and 
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Hammerschmidt, J. pr. Chem. 1916, [ii.] 94, j 
24); the dimethyl etheft tablets, m.p. 138* j 
(Fischer and Kem, ibid, 34) and the diethyl \ 
ether, scales, m.p. 104® (Liebermann and Hagen, 
Ber. 1882, 15, 1428). 

Reactions. —It couples in alkaline solution 
with only 1 mol. of diazotised bases giving 1 - 
monoazo- (Kaufler and Brauer, Bcr, 1907, 40, 
3274) or 1 : ^-disazo- dyes (Cassclla, 1). K.-l\ 
108166; Eng. P. 9502 of 1899). With nitrous 
acid it yields the l-ni(roso- derivative which 
with iron salts gives a jiapkthol (jrecu (Lconlmrdt, 
p. R.-P. 58011). Sulphuric acid at 1(X>® converts 
it into 2 : 7 -(hhydroxipMplIhoh.ne : ii’disvl- 
phonic acid. It gives 2 : l-diamimmiphihaltne. 
by digestion with ammonia at l,W-300®, or by 
the bisulphil-c reaction; pUenijl-l-amino-^-iiaph- 
thol with aniline at 190®; and thi^corresponding 
diaryl-2 : 1-diaminonaphthalcm.s with aryliimines 
(aniline, &c.), and either then- hydrochlorides at 
i40®-llW°, or calcium chloride at 280®-300® 
(Clausius, I.C.). 


replaoeability agrees with that experienced with 
thc^B'naphtholsulphomc acids. 

To these rules an important exception exists. 
Reactions which might be expected to produce 
: 1 :3-dihydroxynaphthalene8ulphonic acids in 
the alkali fusion, lead almost invariably to de¬ 
composition with the formation of hydroxy- 
toluic acids (r/. Kalle, I). R.-P. 91201*; Eng. P. 
16569 of 1894; Hdchst, 1). R.-P. 81281; 81333). 
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Turning to aimnonaphiliohulphonic acids as 
I sources of djhydrox 3 nmplithalcncsulplionic acids, 
I those containing an a-ainino- grouji exchange it 
I for OH when lieatcd with water or dilute (6 p.o.) 
I mineral acid under pressure. With )3-amino- 
I naphtholsulphonic acids (except 2-amino-3- 
j naphthol-O-suljihonic acid), the exchange takes 
I place only when one of the other constituents, 


I)^UYI)ROXYNA^HTHAl.ENESULPi^l)^■10 AC 11 >S. 

Introductory. — I)ihydroxynaphthaien<* 8 ul- 
phonic acids are seldom obtained by direct 
sulphonation, and for their preparation recourse 
is had usually to a- or S-naphtliol-di- or tn- 
sulphonic acids, to a-naphthylamme-di- or tri- 
sulphonic acids or tt» amiiionajihtholsulphomc i 
acids. 

The exchange of the RO.,Tl group, or of the 
NHg and SO 3 H radicles, for OH in naphthol- or 
naphthylamine-sulphoiuc acids is eitected by 
fusion with 60-76 p.c. caustic alkali solution at 
high temperatures {]8O"’-230®), with results 
which can be summanseil thus : 

(1) Exchange of the N H ^ 1' >r the 011 radicle— 

in a-i\aphthylanuncmlp'honic acids, displace¬ 
ment of tho NHg radicle by OH is achieved most 
readily when a sulphonic group is present in the 
3-, 4- or 6 - position. But in ^-nnphthylamtnc- 
sulphonic adds, the NH 2 radicle is not disjilaced 
by OH during fusion with caustic alkali, 2- j 
aminonaphtholsulphonic acids being the final | 
products under ordinary conditions. i 

(2) Exchange of the 803 !! for tho Oil 

radicle— • I 

(i.) From a-na-phlholsnlphonic acids, the sul- ' 
phonic group in the 8 - position is tl» moat easily | 
displaced, then that m 5, but that in 2 or 4 
resists displacement. From ^-napJithols^phonic 
acids, the sulphomc group in the 4-, o or 8 -» 
position is easily displaced, but that in I or G 
resists displacement. ^ 

(ii.) In a-naphthyluminesidpho'nic acids, Hie j 
order of replaoeability follows closely that j 
observed with a-naphtholsulphonic acids. The i 
resistance of a 4-8ulphonic group to displacement , 
by OH is displayed, for example, hi the products I 
obtained successively from a-naphthylaminc- | 
4: 0 'disulphonic acid by fusion with caustic , 
alkali:— * ! 



In B-naphlhylaminesulphonic acids the 4- or 
5-8uiphonjc group is more easily displaced than 
that in the 8- petition, otherwise the order of 


usually the OH radicle, is present in the 4- 
positiori: 

sAAnh, 

vv vv 

s (fn 

KOH al 215^ Wat<;r at 200° 

Apart from tliese mi'tliods, dihydroxy- 
napbthalenesulphonic acids have been obtained, 
but only in a few instances, from aminonaphthol¬ 
sulphonic acids by the bisulphite method, and 
from [a-] or [jS-jnaphthamiinonesuIphoiiic acids 
by reduction. 

'File dihydroxynaphthalenesulphonic acids 
and their alkali salts arc easily soluble in water, 
the solutions when alkaline usually exhibitingi 
fluorescence. When heated with dilute mineral 
acids above 200 ® many of tliern furnish the 
corresponding dihydroxynaphthalcnos. They 
give colour reactions with feme chloride and 
bleacling pou'der solutions, being characterised 
mainly by these and by the azo- dyes produced 
by coupling with certain diazotiscd bases. Sum¬ 
maries of the propertic| of many of the mono- 
and di-snlphonic acids may be found in the 
Batcrit literature (r/. Bayer, I). R.-P. 86241 and 
79054 respectively). * 

Azo- dyes. —For the production of azo- dyes, 
the mos^ valuable of these products are the 
1:8- dihydroxynaphlhalene - 4 - monosulphonic, 
and the 2 : 4-, and 3 : O-disulphonic acids, 
owing to the fact that the azo- dyes derived 
from them form lakes with chromium, aluminium 
or iron mordants {cf. Hdchst, B. R.-P. 67|j|^3 ; 
V. p. 507). As illustrating the resemblance between 
the properties of the 1 : 8 - and the orthfiA* 
position, it may bo noted that, in this series,^ 
the azo- dyes which •furnish lakes are derived 
almost exclusively from the 1:2-, 2: .3- and 
1 : 8 -dihydroxynaphthalcnesulphonic acids (cf. 
for 1 : 2-, Witt, 1). R.-P. 49872; for 2:3-, 
Bayer, I). R.-P. 82774). The azo- dyes obtained 
from 1:3- dihydroxynaphthalene -5:7- disul- 
phonic acid are remarkable for their yellow shade 
(cf. Bayer, D. R.-P. 78877; Eng. P. 3032 of 1894). 

^ If the diazotised base be an ortto-hydroxy-com- 
pound, e.g. o-amiDophenoIsulphonio acid, the azo¬ 
dyes obtained by coupling it witli 1: b-dlhydioxy- 
QapblhaIone-2- or 3-suJplionlo acid also furnish lakes 
wiw chromium salts (lAyer, D. R.-P. 166768). 
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PIHYDROXYNAPHTHALENES. 


Constitution. 


0 : 0 : S. 
1:2:4 


1 : 2:6 


1:3:6 


1:3:7 


1 : 6:2 

Cacid. 


1:5:3 

1:6:4 

1:6:7 


1:6:4 


1:7:3 j 

G-acld. j 

1 


Dihydroxynaphtlralenemonosulphonic Acids, 


.— 

Preparation. •> 


(1) Keductiun of f/3-limphUiaquinone*4*siiI* 
jdionlc add with sidphurouB acid (Witt 
and Kaidninmi, JhT 1891. 24, 3103) 

(2) Action ot sodiu 4 #i hiMilplilte solution on 

(j3-|imidit}iH<iuinoiic (Bayer, I). 1< -P. 

70807 ; Kng,P. 825 of 1893) 

JU'duetion lu [^)-]nai»litiifl(iiiinoTK*-0-Hidphonu“ 
acid with siilphuroiis aiad (Witt, Bor 
1891,24,3154 ; l» R ■ I*. .50500; Paul, 
Z. uiigow Cliein 1897, 10, 51). 

Tlioso acids ohtaiinal hv reduction of tlio 
corrcsjKinding [^J*]naplithaiiiiinoiicsiilph- 
oulc ucidh (Witt^lkT 1891, 21, 3157). 


Acids, Si^ and Eeactions. 


Sodium salt, needles; potasnum salt, ap. sol. 
prjsius Alkaline solution exposed to air turns 
red, forming 2-k{/drocy-[n-]naphifiaquinone. 

Nitrous acid regenerates 0-]naphthaquluoDe-4- 
suljihoiiic add. 

Doci, not couple ((/. Buyer, 1). R.*P. 85241). 

Amniomiim salt NIT^A, rca<lily soluble leaflets. 

Couph's with dia/otised bases lonuiug ozo- dyes, 
wludi give lakes witli diromiuin and otlier oxides 
(Witt, Z.c ; 1). Jl.-l*. 49872). 

No desciiptfui puldiahed. 


2 - Amino - 4 - naphthol - 8 • siUphomc add 
healed witli wnh-r at 180"-2U0‘' (Bayer, 
I). B.-P. 85241 , Bug. P. 3580 of 1895). 


Alkali salhs form yellow solutiojLs w’hlch sliow green 
lluorc.sccnee. 

(lives dirty gns'ii coin with ferric (dilorlde, 

(.:ouj)lcs witli tli!»>iotised basc.s. 


(1) l-Amino-3-naphthol*()-hulphoiue acid 
lieutwl wilb water at 120'' (Kricdlander 
and Kudl., Ber. J89(l, 29, 1(113) 

(2) 2-Aimno-l-iiaphthol-7-sulj)houic acid 
heated Mth water at 200'’ (Bayer, I). P. 
Amu F. 7978 ; Eng. P. 25214 ol 1894). 

1: 3-J)ih>droxynaphthaleiU‘-r). 7-dlsulplioulc 
acid heaU'd with .5 p c sulphuric acid 
under pressure at 210'" (Baver, li. Jl-P 
90878). 


Alkali salts very sf)lnl>ie; sliow green fluoresetmee 
ill alkaline solution ’ barium salt BaAv, readily 
soluble netdlc.s (I’neiUkader and Riiilt, l.c.'i. 
Ooiiplcs with diazotiscd bases (c/. Bayer, D. H.-P. 
81991 ; Eiig 1*. :{.580 ot 1895) 


Alkali salts give yellow solutions which show 
intense green lluoreseence. 

(Jives hlmsli-bl.ick coin witli fexrle ciilorlde. 
Couples witli duzotiMsl hjusc.s {cf. Bayer, J>. 11-P. 
80100; Eng. P. 4902 of 1895). 


(1) Together witli the 4-aci<l, when 1:5- 
dlhydroxynaiihthalcnc Is warmi'd witli 
biilphunc acid at. r» 0 ''- 0 (C (Buchcrer anil 
Ulilinunn, J. pr. tliein 1909, [ii | 80, 2:55). 

(2) a-Naplithol-2 . r)-disulplu>nic acid licatcd 
with (»0 J) c caustic soda at 2.50''' (Baver, 
D. K.-l*. 08344 ; Eiig. J*. 3397 Ol 1890). 

Naphtha1eti(-1 : 3 : 5-tnsulphonle acid fused 
with caustic alkali (Bayer, li It-P. 
100708; Eng. P 185C9 of 19U"). 

Together with the 2-acid {q.i'.), when 1 : 5- 
dihydroxynajilithaleue is warmed with 
sulphuric *cid at 50M>0''. 

From 1 -unilno-r)-naphthol-7-sulphonic acid 
‘by the bisulphite reaction (Buclicicr and 
t.'hlmaiin, J. pr. Chem. 1909, [il.] 80, 238; 
t>. p 410) 

(1) Fusion ol uaphthaleue-1: 3.6-trisulph- 
omc acid with 90 p c caustic soda at 250“ 
(Aktioiiges., 1>. K. • P. 42201: Bayci, 
1). J{. ■ P. 03015; cj Kallc, I) It. - P. 
89001). 

(2) l-Amino-O-naphthol-S-siilphoniir acid 
lieated witli water at 200“ (t'liascUn, 
I). P. Anm. C 5020). 

(3) From 2-amino-r>-naphthol*7-sulj)liomc 
acid bv the bisulphite renction (Badischc, 
1). It.-P. 12(Jl30; Eng. V. K587 of 19(K); 
Bucherer, J. jir. Chem. 1904, [li ] 09, 83 ; 
V. p. 410). 

Fusion of o'napht.hylnmlne-4: C-dlsuiphonlc 
acid (Bald, T). ll.-P. 57114 ; Eng. P. 735 
of 1890); or of a-chloronaplithaIene*4 : 0- 
dlsuliihotilc acid with caustic soda at 210“- 
220 (Kudolph, D. ll.-P. 104902). 


Fuftion of /3-naphthol-O: S-dlsulphonlc acid 
with caustic soila at 220“-230® (Hochst, 
1) P. Anm F.4153; Eng. P. 904f of 1889 ; 
cf. Bayer, ]). A.-P. 85241). 


Acid sodium salt, readily solulilo leallot-s; the 
alkaline sdlutions show nine lluore-sceuce. 

Civt's hlui.sh-greeii colourntioii with ferric chloride. 
Couples w itli duizotised bases (cJ. Bayer, l.c.). 


Couples with diazotiscd bases (Bayer, l.c.). 


Calcium salt forms a sparingly soluble double salt 
with calcium sulphate. 

Couples with diazotised bases. 

i 

.^cid, scales, crvstallise.s with i mol. of alcohol. 
Couples i^th diazotised bases. 


Nridtum salt, sparingly soluble, show.? In alkaline 
solution reddish-blue lluoreseence. 

(lives green eolourution with lorric chloride. 
rf<’i>riiis a yellow easily soluble nitroso- compound 
(Cassella. l.c.). 

Couples with diazotised bastvs (Bayer, D. R.-P. 
85241; Eng. P. 3589 of 1895; Cassella, f.c.). 


Acid and acid sodium salt, sparingly soluble leaf* 
lets; alkaline solutions show vlmet fluorescence. 

Forms a sparingly soluble yellow nitroso^ deriva¬ 
tive (Rudolph, l.c.) 

(rives green ci^louratlon with ferric chloride. 

Couples with diazotised bases (Bahl, l.c.). 

A cid sodium salt readily soluble needles; alkaline 
solutions show blue fluorescence. ^ 

Gives green colouration with ferric chloride. 

Couifles with diazotised bases. 




NAPHTHALENE. 
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Constitution. 

0:0:S 
1: 7 ; 4 

1 : 8:2 

1:8:3 

‘-acid. 


1:8:4 

S-acld- 


2:3:6 

R-acld. 


2 : 7 : 3 ^ 


F-acld. 


Preparation. 


(1) Fusion of 2-carbo.xy-a-naphthoI-4 ; 7- 
(iisulphonic acid with caustic alkali at 

(Bindsch., 1). ll.-P. 811)38; 
Eng. 4629 of 1894). 

(2) 1.7*J>iliydroxy-2-carboxynaplithaleno-4- 
sulphonlc acid heated with 30 p.c. caustic 
soda under pressure at 140^ -160' (Bindsch., 
1). K.-l*. 83965). 

1 - Amino - 8 - napiithol - 7 - sulphonie acid 
heated with lime aii<I wat<‘r under pre • 
sure at 2.50^ (Bayer, D, r. Aum. F. 
7500). 

(1) a-Naphthylamitic-3 : 8-di3iilphonic acid 

healed with 9 )).e. caustic soda under 
presKure at 220"-2r>0" tUoehst, 1). P. Anm. 
K. 7)12). ^ 

(2) Digestion of a-riaphthoh3 : 8-disiili»honic 
acid or of u-naj)hthol*6 : 8-disulphoTiie aetd 
with r>(J p.c. caustic soda at 17U'^-210'’ 
(Kalle. D. ll.-P. H2422). 

(3) l-Amino-B-naiihthol-:) .^-disulphonie add 
heated with water at 200^ (Beonlmrdt, 
D. P Anm. F, 8026; Eng. P. 192.53 of 
189.5; Cassella, D. H-P. 108848). 

(1) Fusion oi the following with caustic alkali 
or caiLsUc alkali .solution: a-naphthol* 
4 : H-disulpliomc acid (Bayer. 1) K -P 
.54116, 67829; Eng. P. 1:166.5. 18.517 of 
1889) nr a-naphtlioI-O . 8-disulpliomc acid, 
or its sultone (Bayer, 1). 11-P 80667; 
lOng P. 1227 of 1894); alsoofa-naidithyl- 
arnine-4 : 8-disulphonic aci«] (Bayer, 
1). ll.-P. 7AH:)6; Badbclie, 1). ll.-P 
918,55; Eng. P. 9894 ot 1893), or o- 
naphthylumine -.5:8- disulphonic acid 
(Bav<‘r, 1). ll.-P. 7728.5 , Eng P 1227 ot 
1894), also ol J-amino-8-naphthol-4- 
sulphoiiie acid (Bayer, D. ll.-P. 75319; 
80315); or ]-amino-8-ii!iphMiol-5-suJph- 
onie acid (Bayer, D. 11 -P. 750.55; Eng. P. 
15269 of 189.3). 

(2) 1:8- l)iaininonaphthalcne,'4-sulphouic 
acid heated with milk of lime at 230° 
(Passeila, I) ll.-P. 7.59<52) 

(3) From l-amiuo-8-uuphthol-4-sulphonlc 
acid (Bayer, 1). II-P. 109102; Eng. P. 
16807 of 1899), or 5-sulphonic acid 
(Bucherer, .1. pr. ('hem 1904, {ii.J 69, 86) 
by t!ie Insulplilte reaction (»’ p 416). 

Fusion of ^-naphtbol-:): O-disulphonlc acid 
with caustic soda at 240°~280® (Badisohe, 
1). Jt.-P. 57.525; Eng. P. 1.5803 oj 1890; 
Hochst, D. P. Anm. E. 4153; Eng. P. 
9642 of 1889; Friedlander auTl Zakr- 
zewski, Bcr. 1894, 27, 70fi). 


Fusion of ^-napbthol-3 : 7-disuli|honic acid 
with caustic alkali (c/. Aktleuges., D. ll,-V 
63956 ; Bayer, D. R.-P. 85241). 


Adds, Salts and Reactions. 


Ac«f*und acid salts readily soluble; alkaline 
solutions show violet lluorescence. 

(lives green colouration with ferric chloride. 

Couples with dlazotised bases. • 


Acid sodium salt Meedles, .shows reddish-violet 
lliiorc'sccnee in solution. 

(lives green eulouration with ferric chloride. 

Couples with diazotised biwc.s. 

Acid «m salt sparingly soluble nuedlo.s; alkaline 
solutions show blue (liiorcsccnex! (Kalle, l.c.). 

(lives green colourafioii with ferric chloride (Kalle, 
tc). 

Couples with dlazotised bases (cf. Bayer, I). ll.-P. 
85241). 


Acid forms three series of salw, all easily soluble; 
r/tvnosodium salt JlallaA, silky leaflets; di~ 
sodium salt NaaHA+^HuO, leaflets; mono- 
barium salt BaIf.Aa, needles; rfi/>arwm salt 
B,dlA4-1 JHjjD (Bayer. 1) ll.-P. 67829; Eng. P. 
I:1665 of 1889) Basic salts (frwodmw, &c.) 
show hlmsli-green lluortMeence' in solution. 

Gives dirty green im^elpitate uith lernc chloride. 

Couplis with diaxotised bases, giving azo- dyes 
which liave the property of forming lakes with 
clirumium and other oxides (cf. Bayer, I). R.-P. 
61707; 07829; 66693; Eng P. 5984 of 1891). 

For monoalki/l dcnvdtiv(‘.s and for azo- dves obtained 
by coupling them with diazotiseil bases, cf. 
Bayer, D. il.-P. 73741 ; 78937; Eng. P. 3495 
of 1893. 


A CM? Sodium salt, sp sol leaflets, shows reddlsh-blue 
fluorescence in alkaiwe solution; barium salt, 
BaA sp. sol. (r/. Bayer, 1). R.-P. 85241). 

Gives Intense violet coin, with ferric chloride. 

Couples with dlazotised bases, giving azo- dyes 
wlUch lorm lakes with metallic oxides (cf. 
Bayer, J). R.-P. 82774). 

Sodium salt, sparingly soluble crystalltno powder, 
shows bluish-violet fluorescence In solution. 

Gives deep blue colouration with ferric chloride. 


DlhydroxynaphthalenedisulpboDic Acids. 


Constitution, 

Preparaffou. 

Acids, SaUs and Reactions. 

0:0:8;8^ 

l:2:8:6* 

and 

1;2:6:8 

(1) Acid sodium salt of l-aTnino-2-naphthol- 
3 : 6- (resp. 6 : 8-)di.sulphonic acid boiled 
with water (Witt, Ber. 1888, 21 3480' 
D, R.-P. 49857). 

(2) Reduction of f/5-]naphtha<niinono-3 ; 6- 
(reap. 6:8-)di8iuphonlc acid with aul- i 
phurous acid (Witt, Bor. 1891, 24, 3157) j 

Acid sodium salts, readily soluble leaflets ; decom¬ 
pile very rapidly In alkaline solution (<if. Bayer, 
D. R.-P. 79054). 

Do not couple wltli diazotlsed bases (Bayer, l.e .; 
cf Witt, Ber. 1891, 24, 3156). 

Preci(>itAti! gelatin or basic aniline dyes from 
solution {nap/Ukatannins ; cf, Witt, D. R.-P. 
49857). 


^ The acid dMCribed as 2:6-dihydroxynaphthalcne-4-8ulphonlc add (Bayer, D. R.-P. 72222) U considered 
by Jacchla to be a disulphonic acid (Anualen, 1902, 323,131). * 

* The 1:2-dihydroxyiiaphthaIene-3:6-dUutohonlc acid is also formed when*! : 2-diaminonaplithalene-3:8- 
disulphonic acid Is heated with dilute mineral adds {cf. Cassella, D. R.-P. 72584). 





m 


i)ia :^I)ROXYNAPHTHALENES. 


Constitution. 


0 :0: S: S 
1:3:6.7 

Yellow 
acid. I 


1:6:3:7 

Red acid. 


1:6:(2):(4) 

1 :(7):(2):(4) 

t: 7 : 3 : 6 

A-acid. 


1:8:2:4 

S-acid. 


1 : 8 : 8:6 

K’acid. 


1 ^8 : 3: 6 

*^hPomo- 
tpope acid 


ProparatioD. t 

-1- 

(1) Mixed With 30 p.c. of ‘/ed' acid, by 
heating najihthaleiic-l: 8: 5: 7-tetrasul- 
j)honic acid or rt-naphtliol-3 : 5 : 7-trigul- 
phonic u<-id witii 00 p.c. caustic soda at 
180'^-20(i‘' {haycr, 1>. K. • P. 79054; 
80404 j Jhig 1*. 25074 Of 1893). 

(2) 2'Aniiii<)'4-naiihthoI-0 : S-disulphnnic acid 
licid<‘(l with w'atci»und(T prcssiue at 210 '- 
220" (Payer, 1). ll.-P. 89242). 

• 

(1) n-JS’aphthol-3.5 : 7-trisaIphomc tnld 
hcttU'd with 50 pc. caustic soda at 150'- 
100" (Kalle, 1). V. Anin. K 12732) 

(2) Mixed witli 70 p c. of ‘ yellow ’ acid from 
na])hthalone*l: 3.5.7*tetrasulphoiiicacid 
and CO p.c. caustic soda at 180"-200'“. 


Acids Saits and BeacUons. 


Sodium salt, readily soluble; potassium salt, 
leaflets; alkaline solutions show green fluores¬ 
cence ; barium salt BaA, moderately 8olul)lo 
needles (Fricdlandcr and Uudt, Ber. 1898, 29, 
1013). 

Gives blue colouration with ferric chloride. 

Couples in alkaline solution with diazotisod 
bases, giving azo- dyes of yellow shade.(c/. Bayer, 
D. Jt -1». 78877 ; JOng. P. 3032 of 1894). 


i‘otat.siu7H and Kodiuin s.ilts readily soluble needles 
in alkaline solution .shows hiuish-violet tiuores* 
ceiice (Payer, I). U.-P. 79054). 

Gnes bluish-green c<*ln with ferric chloride. 
Coupks in acid or alkaline solution ((/ Bayer, /.c.) 
witli 1 or 2 inols. {cf. Kalle, l.c.) of ulazotlsed 
buses, gn^iig azo- dyes 


iNo descilpUon published, but uuid said to couple 
with diazoUsed liases (Kwer and Pick, l.c .; cf. 
2- and 4-nionosu!phonic acids). 


1^0 description pulihslied. 

Couples with diazotised Imses (Bochst, l.c.). 


Sodium salt WugA, siiariiigly soluble needles; 

alkaline solutions show blulsh-greeu fluoroscujnce. 
I’ornis a ilark blue precipitate with formaldehyde 
anil hy<irocli)oric .uad (Priedhlncler and Sllber- 
stein, / c.) 

Gives lleetmg blue coin with ferric clilorlde (ibid.). 
Conplch with diazotised buses (lloelist, l.c.). 

salt readily soluble needles, showing 
faint blue fliiorescein c in .solution ; tnsodium 
salt IiJiiaHA-f 4J1.,0, ri'udily soluble pri.sms, 
lonned in alkahnc solution, sliows greenish 
lluoieseence (Uressel and Kotlie, l.c.). 

Kothc, Ber. 1H94, 27, 2142) I I'oinis a soluble orange niononitroso- compound 

(2) l-Ammo-8-iiaphth<il-5 . 7-diMilplioiiicaeid ' (Cassdla, I r ; Divssel and Kotlie, l.c.). 

lieati'd witli dilute caustic soda solution ^ Gives green colouration with ferric cliloride {cf. 

above 250" (Padisclie, i). P. Aniii. B. | Badiselio, / c) 

10142 ; Kng. P 18924 of 1893) I Coujiles w’ltli iliazotised biise.s {cf. Bayer, D. K.-P. 

(3) Fusion of o-iiaplithol'2 4 . H trisuJplionic ■ 73551; Kiig 1’. 18517 of 1889). 

acid with ciiu.stic alkali at 210" (P.i>er, , Jn aiad solution with dichroinato gives black dyo 
]>. Jt.-P. 57021 ; Eng P :Wt7 ol 1890; | on wool (Cussella,/.c.). 

Dressel and Kothe, Ber. 1894, 27, 2144). . 

(1) Fusion of o-naplilhol-4 : 0 : 8-tnsulplioiiic Disodium salt readily soluble needles ; Rohitlons 
acid with 70 p.c caustic soda solution of acui sails show faint bluo fluorescence {cf. 

under pressure at 170"-19U" (Bayer, Payer, D. It.-P. 79054). 

J). P. Anm. F. 7004 ; Eng. P 171410 ol ‘Forms a readily soluble yellow nitroso- derivative. 
1893; c/ Kalle, Eng P 1041 of 1894). , Gives green colouration with ferric chloride (Bayer, 

(2’) l-Aniino-8-naj)lithol-3 • S-illsulphonic acid | I r). , 
lieatcd witli 7 p.c. caastic soda solution j Couples with iUazotls<!d bases (Bayer, D. P. Anm. 
under preasure at 210® (Leonliardt, I). P. i F. 7004 ; Eng. P 171410 ot 1893). 

1 Amn. F. 8082; Eng P 21919 of 1895; | 

; Cas-Hclla, 1). K.-P. 108848). • ! ' 

i (3) l-Amhio-8-naphthol-4 :0-disnlphonic acid 1 
heated with 70 p.c. caustic alkali solution ! 

• above 240® U^i^yer, D. ll.-l*. 80741 ; 

: Eng. P. 171410 of 1893). j 

(1) a-Naphthoi-8:0:8-trlsuIphonic acid or ! Acid forms four series of salts, two strongly 

1 itssultoneheatedwlthGOp.c, caustic soda I acid, one neutral, one basic. Disodium salt 

at 17()°-220® (Koehst, 1). Jl.-P. 07503). HsioHjA 1-2H20, readily soluble In water, and 

(2) l-Araino-8-naplithol-3:(>-(n8uiphonica<‘id i acid towlrds sodium carbonate; alkaline solu- 

heuted with 6 p.c. caustic soda under ! tions show violet-blue fluorescence. Barium 

pressure at 205" (Bayer, D. It-P. 08721 ; I salt BaHoA-l-SHgO, small leaflets, which in 

Eng. P. 11522 Of 1892). solution with sodium carbonate idelds the 

(3) 1 :8-Diaminonaphthalene-3 : 6-disu]ph- | sodium ftermw salt BaNaHA+SHjO, in needlM 

onlc acid heated with 5 p.c, caustic soda : (Uochat, f.c.b 

under pressure at 200®"280® (Bayer, 1 Gives grass-green coin, with ferric chloride (iftirf.). 
I), R.-P. 69190; Eng, P. 11522 of 1892), ' Couples with 1 or 2 inols. of diazotised bases, 
or with dilute mineral acids or water ! giving ort.ho-azo- dyes (Hantower and Tftuber, 
under pressure at 150®-100° (Cassella, I Ber. 1898, 31, 2156) which form lakes with 
I). R,-P. 75153). 1 cliromlum salts (i/. Hdchst, D. R.-P. 59181). 

(4) 8‘(jhloro-a-naphthoI-3 r O-disuJpiionlc acid In acid solution with dichromate elves l^own dye 
fused with caustic alkali (Badlsrhe, ; on wool (Hoclist, D. R.-P. 775S2h 

; D. R.-P. 147852). For monoalk^il derivatives, cf. Rayer, D. R.*P. 

I 73251 ; 73741 ; Eng. P. ^98 of 1898, 
i For, ehloro- derivative and derived oso- dyes, Cf. 
! ! Hdchst, D. R.-P. 153195. 


1:5- Jfihydroxyn'aphthalciie sulphonalcd 
with sulphuric acid at 100®-10()'' or with 
anhydro-acid in the cold (Ewer and Pick, 
I). R.-P. 41934). 


Fusion of a-uaphthol-2 : 4 • 7-tiisuJplioiiic 
acid with caust-ic alkali {cf. Ilodist, 
D, R.-P. 07420; Eng. P. 18783 of 1891) 

M-lxcd with 30 p.c. of the 2.3:0.8-acld, by 
fusion 6t i3-nu]ilitliol-3 : 0 ; S-trisiilphomc 
acid with ciiusMc. alkali at 2'40''-240' 
(lloi'hst, l> J‘ Anm F. 4154; Eng P. 
9042 ot 1889; D R-P 0750:f; cf Fricd- 
lander and Silbcrstern, Moiiatsli. 1902, 23, 
627). 

(1) l-Amino-8-naphthoI- or naphthasiillam- 
2 : 4-(hsulphon)c aci<i lit aU d with 80 p c. 
caustic soila Holiition at 250" (Bayer, 
J>. R-P. 77703, Eng. 4979 of 1893, i 
Cassella, U H. - J’. 81282; Drc^scl and I 
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Constitution. | 

Preparation. 

» Acids, Balts and Eeactlous. 

1 

0:0:8:S ' 
1:8:?:? ; 

I-acid, i 
1:8:?:? ! 

G-acid. i 
1:8:?:? 
R-acld. 

1:8- Dihydroxynaphthalcno sulphonated 
M'ith sulphuric acid at 50° and tiie resiiec- 
tive products separated by means of their 
barium salts, of which that of I-acld Is 
Iciistandot Tt-acul most soluble (BadLscho, 
Eng. P. 14294 of 1891; D. ll.-P. 79029; 
7UU3U). 1 

iSodium salts very readily sohiblo, sliow blue 
tiuorcscence in alkaline solution. 

Give green colourations wltli ferric chloride. 

Couple with diazotiscii liases, foriulux azo- dyes, 
wliich, if from 1-acul are wortldess, but from 
G-acid valuable {cf. Bayer, D. U.-l*. 79054). 

2 ; 3; 6; 8 

B-acid. 

Mixed with tiie 1:7:3: O-acid, by fusion of 
p-naphUiol-3 ; 0 . S-tnsulphonlc acid witli 
caustic alkali and st-puraU'd from tin* It- s 
soluble isoineride by Iractioual precipita¬ 
tion witii briue (lloclist, 1) 11-P. 07563; 
cj. l'’riedHind<)r and Silberstcrn, Monatsli., 
1902, 23, 527). 

i Sodium salt NajA+DiH^O, easily soluble noodles, 
shows bluish-violtb Uuoresceuce m alkaline solu¬ 
tion ; barium suit BaA, sp sol needles. 

Gives violet coin, with feme (Oihinde, but no pre¬ 
cipitate with formaldehyde and iiydrocliioric 
acid (Friedlander and Silliersteru, l.c.). 

Couples with diazotised bases {ibid.). 

2 ; 7 : 3 :6 

(1) 2 : 7-I)iIiydro.\ynai)ktli!ilcnc sulphonated 
with sulpliuric ncid on a water bath 
(Aktu'nges, D. It.-P, 75142; Eng. F. 
10191) of 1893). 

(2) /3 • l^aphtliol -3:0:7- tnsulplioiilc acid 
lieiited witii 0C> p.c. caustic soda solution 
under pn-ssure at 22()"-300"’ (flayer, 
1). 1\ Anni. E. 7243 ; Eng. P. 2r)()74A of 
1893). 

Acid sodium salt niodcrah'Iy soluble; potassium 
salt, large needles , banum salt, almost insoluble ; 
salts show Iihiish-green lluoiescouco in alkaline 
solution {ef. Baver, D. K -P. 79054). 

Forms a sji. soluble orange uitroso- compound. 

Gives deep blue colouration with ferric chloride. 

Couples in alkaline solution witli 1 mol. of diazotised 
bases (Bayei, D. P, Anm. F. 7243). 


TRIHYDKOWNAPHTirALENKS. 1 

Introduciory .—TJie trihydroxynaphthalfnos ; 
have little tecfamcal interest. The methods i 
available for their production arc fusion of 
naphthalene- or naphthol-Bulphomc acids with 
caustic alkali, and reduction of hydroxyuaphtha- 1 
quinones, but the number of isomoridea they ] 
can give ia limited by tlie small number of > 
acids or quinoiies available. Only six of the ! 
fourteen isomeric trihydroxynapbthalerios have j 
been isolated and characterised, but sulphumc ' 
acids of two othcr.s are known. The axo- i 
dyes obtained from tliose that couple with | 
diazotised bases arc unimportant. i 

OH (i.) 1:2:3-TrihydroxynaphthaIene • 
/\/\oH (iVapAiAapyror/a^kiZ), obtained by boil* j 
1 j mg lifonaphthazarin with zinc and j 

VV dilute sulphuric acid (Znutke and ! 

Ossenbeck, Aimalen, 181H), 307,18), is crystalline, i 
and gives a triacetate, in prisms, m.p. 250®-256“ 
{Zincke and Noack, Annalen, 1807, 295, 19j! 

(ii.) 1:2: 4-Trihydroxynaphthalene, formed 
by reduction of hydroxy-[a-]naphtliaquinona 
with tin and hj'drochlonc acid (Graebo and Lud¬ 
wig, Annalen, 1870, 154, 324); or by h^rolysis 
of the triacetate with alcoholic hydrogen chloride 
(Thiele and Winter, Annalen, 1900, 311, 340; ; 
Bayer,!). R.-P. 101007 , Eng. P. 10590 of 1«98). I 
crystallises in needles, m.p. i54'’, and m alkaline i 
solution absorbs oxygen giving hydroxy-\a‘'\na]}}i' j 
ihaquinonc. 

The triacetate., obtained by J^oalmg [a-] or 
[^-]naphthaquinono and acetic anhydride with ' 
a small quantity of sulphuric acid (Bdyer, l.c.; 
Thiele and Winter, l.c .) or phoaiihoric acid (Bayer, 
D, R.-P. 107508; Eng. P. l.c.) at 30°-40^ or 
zinc chloride at 50®-W)° ('rhiele and ^Vinte^, 
lx.), crystallises in needles, m.p. 134°-135°. 

(iii.) 1:3: 6-Trihydroxynaphthaleno, 
unibmown. The7-sulpb0liic acid is formed when 
naphthalene-1:3 : 6: 7'tetrasulphomc acid (or 
the a-naphthol-3: 5: 7-tri8ulphonic acid or the 
1:3- or I t^-dihydroxjmaphthalenedisul^omc 
aoid obtainable from it) is fused wit^ caustio 
potash at 2^*^ (Bayer, D. K.-P. 80464; Eng. 


P. 10024 of 1893). Its q^ofaseium salt separates 
in nocdloa, and couples lyith 1 or 2 mols. of a 
diazoiiKcd base, founiiig azo^ dyes (Bayer, 1). 
R.-P. S75S3 ; ICng. P. 1229 of 1894). 

(IV.) 1:3: 0 -Trihydroxynaphthalene,* ob¬ 
tained by fusing 1 : O-djhydroxynaphthalene-3- 
Bulphomc acid with caustic soda at 250°-270° 
(Kalle, 1). It.-P. 112170; Meyer and Hart¬ 
mann, Per. 1905, 38, 3950} forms doubly re¬ 
fracting crystals, m.p. 96°; a hydrochloric in 
yellow liccdlcs; and a Iriacctaie, needles, m.p. 
112'^-! 13°. It couples with diazotised bases 
forming azo- dyes. • 

(v.) 1:3:8 -'L’rihydroxynaphthalene, 
unknown. The O-sulphonlC acid, obtained by 
fusing a-naphthol-3 ; 0 ; 8-trisuJpiionic acid, or 
1 : 8 • dihydroxynaphthalcno-3 : O-disuIphonic 
acid Vith caustic potash at 310°-320°, forms 
easily soluble alkali salts, which show greenish- 
blue fluorescence m solution, and couple with 
1 or 2 mols. of a dia^itiscd base forming 020 - 
dyes (Bayer, i). R.-P. 78004; Eng. P. 17141o 
of 1893), 

(vi.) 1:4: 5-Trihydroxynaphihalene (fa-E^y- 
drojuglone), mixed with about ono-fiith the 
amount of l^-]hydrojug(orio, is present in the 
shell of the walnut, whether rijio or unripe, 
and is insoluble, whereas the [/8-] form is easily 
soluble in cLloroform (Myhus, Bcr. 1884, 17, 
2412; 1885, 18, 2508). Jf merely melted the 
[a-] compound gives an equilibrium raiafcure 
containing about 75 p.c. of the [B-] form, w’hile 
an alkaline solution of the latter regener*keif 
the [a-] compound acidification, the isomer¬ 
ism being keto-enolic (Willstatter and Wheeler, 
Ber. 1914, 47. 2790). The [a-] compound 
separates from water in scales or needles, m.p. 
148° (Mylius, m.p. 108"-170°). With ferrio 
chloride it gives juglone, and with acetic anhy¬ 
dride yields the triacetate^ of the [jS-] form in 
prisms, m.p. 129°-130°. [^■]Hydrojuglone cryst¬ 
allises in hexagonal tablets, m.p. 

* A polymerlde Cs(,Hio(OH)„ possibly a dlnaphthyl 
derivative, of which the hexacetate crystallises In scales 
m.p^ 200°, is formed by boiling the aqueous solution 
of this trihydroxynaphthalene (Ealle, l.c. ; Meyer and 
Hartmann, l.c.). 
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(vii.) 1; 4 : 6 - Trihydroxynaphthalene, ob¬ 
tained by reducing O hydroxv-[a-]naphfha- 
quinone with stf nnous chloride, forma star-like 
groups of needles, m.j). hijjhly oxi- 

disable; the irtacetate, needles, m.p/04^-96*^ 
(Eischer and Bauer, J. pr. (-hem. 1910, [ii.] 94, 8). 

{vjii.) } : fi : 7 - Tiihydroxynaphthalene, ob¬ 
tained when 1:6: 7-trihydroxynaphtbalene-3' 
sulphonic acid js Heated with water or 6 p.e. 
sulphuric acid under pre8s\v’<‘ at 2)0^-220° 
(CasseUa, D. R.-r. 112098; Eng. P. 27345 of 
1898; Ericdlander and »Vill)erstern, Monatsh. i 
1902, 23, 530), foims needles, in j). 175*^; its^j 
triacetate, iieedleH, in.p. 143" J44''; and /rt-j 
methyl ether, prisniN, m.]'. J 27' -128". Jt eoujiles j 
in the 4-position with J mol. of a (bazotised base, | 
giving azO‘ dyes which form lakes with ebroiniuni ! 
or iron salts ((.'asselia, 1). U.-P. 110618 ; Eng. P. ! 
he.; 1). R.-P. 110904). . | 

The 3-sulphonie acid, prepared from jS- | 
naphthol-3 : 6 ; 8-trisn)phonie aeid by piolonged I 
fusion with caustic alkali at 240°-260", gives a [ 
barium salt BaA^ in sparingly soluble leaflets, | 
a sodium salt in sjiaringly soluble needles, | 
and with formaldehyde and liydroehlorK^ acid 
a violet precipitate (FnedlandiT and ^ilberstern, 
l.c.). With diazotised bases it couples, forming 
rt 2 o- dyes (<•/. Hdelist,‘JJ. R.-B. 67426; Eng. P. 
18783 of 1891). 

AMINODraYDROXYNAl'HTIIALENKS. 

The aminodihydroxymiphthulones are of 
interest chiefly in relation to hydroxynaphtha- 
quinoneoximes (mtrosodihydioxynajihihalenes) 
and Lave no teehnieal value. Little i.s known 
about them, the liydrochknide and the triaoetyl 
derivative being almost the only deflnite sub- 
btanees isolated in each case. 

N : O : O tNll2*Ch«B6(^*B)2l 
1:2:3 Pecomp. 230" (Friedlamler and Silbcr- 
stern, Monatsh 1902, 23, f>21) 

1 : 2 : 4 ^ Mot Lsolatcd. Tnacetyl dcnvativi.* tab- 
14 : 1 ; 3J lets, m.j>. (Kehnnann and 

Hertz, her 1890, 29, 1419). 

1:2:6 Mot isoIaU'd ()l>tann‘<l by rciluction of 
azo- derivative ot 2 • O-dihvdroxyiiaph- 
thalenc (Kdirnuann, her 1907,40,1902) 
The 4 -hu 1 phonic acid is obtained 
by reduction ol l-niiroso-2.6-»lliiy- 
drcixyiiapiithiileiie with sodium bisul¬ 
phite solution (haver, J). ll.-P. 87900; 
Enp. P. 0035 ot 1893). 

1:2:7 Mot isolated. Obtained by naluction of 
nitroso-2:7-dn».vdroxyuaj)btbalem* (Clau¬ 
sius, Her. 1890,2:i, 521). J'nacctj//d(!rlva- 
tive, mp 183": tc,(ra-flcc/|/Z derivative, 
in.p. 135" (Nietzki and Knapp, Her. 
1897, 30,1123). 1-Meiltyt ether, leaflets, 
m.p 170"; 2 : ether, needles, 

m p. 82°-83'' (Fiselier and Kern, J. 
pr. Cheni. 1010, [ii ] 94, 20). 

Tlie4-sulplioiuc acid is obtained 
by reduction of l-nitroso-2.7-dihydroxy- 
naplithalene witii sodium bisulplutc 
solution (Ibiyer.Vr.). 

1:3:4 Not Isolated, i'nocct///derivative, prisms, 

14 : 1 : 2J m.p. 193" (Kehrmuim, Ber. 1894, 27, 
3340). 

1:4:7 Easily oxldisable (Fischer and Bauer, J. 

[4 : 1 : 61 pr. Ohom. 1016. Ill ] 94, 7). 
t : 5 ; 8 Mot isolated. Tnacetyl derivative, needles, 

16 : 1 : 41 m.p. 165" (Graebe and Oeser, Annalen, 
1904, 335, 149). 

^ An amino-1:3-dihydroxyuaphthaleiie, m.p. 162°, 
which may have this constitution, has been described 
by ZiDCke and Wlcrand (Annalen, 1895, 286, 89) i 
and a second, possibly the 2-amino-l: S-derlvatlve, 
has been isolated by Frledi&nde^ and KUdt (Ber. 1896, 
1611). 


1 :(6): 8 Unknown. Tho(8)-8ulphonic acid.ob- 

(8:1: (3)] talued by fusing l-amino-8-naphtboJ- 
3:6-disulphoDic acid with 60 p.c. 
caustic soda solution at 210°, is diazotts- 
able (Bayer, 1). R.-P. 76007). 

2:1:4 Not isolated. Tnacetyl derivative, 
needles, m.p. 269"-260° (Kelirmann, 
Ber. 1894, 27, 3343). 

2:1:6 Stellate groups (Fischer and Bauer, J. pr. 

Cheni. 1917, [ii.] 95, 262). Very sensi¬ 
tive t^) light. 

2:1:6 Unstable. Tnacetyl derivative, needles, 
m p. 150" (Fischer and Bauer, J. pr. 
Clicm. 1910, [ii.] 94, 5). 

2:3:4 Needles, in.ii 164". Tnacetyl derivative, 

13 : 1 : 2) needles, dccoinp. above 200° (Zlucke 
and Moack. Annalen, 1897, 295, 13). 

2: (3): 8 Unknown. 'lV(6)-sulpboiiicacid,ob- 

17:1. (6)1 tabled by fusing 2 -amiuo- 8 -uaphthol- 
3 : 6-dLsulphoni(^ acl<l with caustic alkali 
at 240"-280'*, is diazot.isable (Hochst, 
1). ll.-P. 53023; Eng. P. 15175 of 1889). 


Tin'llAliyilROXYNAPin’llALENES. 

1:2:3: 4 Tctrahydroxynaphthalene [Leueo- 
i^omvplilhazarin), obtained from ti-onaiibtbazarin 
by reduction, forms easily soluble scales, ami 
its tetra-accti/l derivative, needles, m.j). 220“. It 
IS readily oxidised to i-sonaphthazarin, and 
reduced to 1:2: ‘^-trihtidroxytiupfiihaleue (Zinckc 
and Ossenbeck, Annalen, 1890, 307, 16). 

1:2:5: 8-Tetrahydroxynaphthalene {Leuco- 
tuiphthnzmin) obtained when naphtliazann 
)H boiled with alcohol, stannous chloiidc, and 
liydroehlonc a<‘id (Zincke and 8climidt, Annalen, 
1895, 286, 37); or when a boiling aqueous 
solution of ‘ naphtbazarin melt ’ is reduced 
by iron (Badi.sche, 1). R.-B. 129074; Eng. P. 
23HK7 of J900)» f‘>*‘uis needles, m.j). 154', and 
it« ietra-aceh/l deiivative, niiimte jirisms, m.p. 
277"-279“ (fcichunek and Marchlewsk;, Ber. 
1894,27,3463; Zmeke and Schmidt, hr, ; Lie- 
bermann, Ber. 1895, 28, 1457 ; cf. Wheeler and 
Edwards, J. Amer. (^lem. 8oc, 1916, 38, 387). 
It IS readily oxidised to naphtbazarin, and is a 
substantive dyo which when oxidised with 
chromic acid on the flbre gives black shades 
(Badisclie, lx.). 

Diaminoduiydroxynaphthalenes. 

S'iveral diammodihydroxynaphthalenee have 
been .described, but only those which furnish 
clues to the e^mstitution of disazo- dyes obtained 
from dihydroxynaphthalenes need be mentioned 
here. 

* 1: 4-^)lainiiio-2 * 3-clihy(lroxynaphthaIene, 

obtained by rediatioii of Uisazo-dye from 2:3-dihydroxy- 
najilithalene, forrn.'i milphate, B'H2804, leaflets, and 
gives* IsonapAfAozann with terric chloride (iriedlfinder 
and Silber«tem, Moiiatsli, 1902, 23, 524). 

1 : 6-Dia mino-4:5-dIliydroxynaphthalene, 
obtained liy reduction of disazo- dye from 1:8-dlhydr- 
oxynaphthalene, is very rapidly oxidised to naphthaz- 
arm (ifnif 518). 

1 : 8-1) ia m i f»o-2:7-(l I hydroxy naphthalene, 
olitaincd by reduction of liisazo- dyo from 2: 7-iUliydr- 
oxynaphthaleue, gives mlphate, needles, wlilch forms 
blue solution in alkalU (Cassella, D. R.-i*. 108166; Eng. 
P. 9502 of 1899). 


IX. Quinone Derivatives. 

Introductory .—From the formula of naphthal¬ 
ene the existence of three homo- and three 
heterq- nucleal quinones mav be predicted. Two 
of the homonucleal naphthaquinofies together 
with derivatives of the third (2:3-) are known, 
but only one of the heteronucleal oompounds 
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(2: 6-) has been isolated. ^ A comparison shows 
that in physical properties 1:4* or 
quinone, but in chemical properties 2 : C-naph* 
thaquinone, most closely resembles ordinary 
^>ara-benzoqumonc, whereas 1! 2* or [^-] naph* 
thaquinone exhibits the general characters of an 
ort/io-diketone. 

The naphthaquinones arc coloured sub¬ 
stances, and, with few exceptions, give rise to 
derivatives, which also are coloured, but only 
a smaU projiortion of them are dyes. 'Die auxo- 
chromes, which endow na])hthaquin<)nc deriva¬ 
tives with th(! pro|)orty of forming coloured lakes, 
are associated with contiguous carbon atoms, 
i.e. are present relatively m the or/Ao-jiosition.* 
For quinones, these auxochromes have been 
shown by Kostanecki (Her. ]8ti7,20, 3117; 1H81), 
22, 1349) to be the following:— ’i 

■0:0 -OrN-OH -CiN-OH ■C:N-()H 
:b‘0H :b-()H *0:0 -CiN-OH 

To illustrate their elTcct, reference may be made 
to the following scries of [a-Jiiaphthaqumono 
derivatives in winch J is not a <Iye, but J1 and 
III form cohmred lakes with basic mordants :— 


dye, because in it the oxygen atom of the 
carbonyl group has residual valency, and 
through this residual or ‘subsidiary’ valency 
(shown in the formula by ftie dotted lino) 
beoomei^Imked to the metal of the mordant;— 


•0: N'OH 
I 

• 0:0 




Oxime 


•C:N-0. 

I >H 

• 0:0 ' 


•C:N0. 

I . ym 

■ 0:0 

Lake (aaphthol 
green) 


Lakes are remarkable not only on account of 
their colours but of Iheir insolubility and fast¬ 
ness and of the non-Kinisablo state of the metallic 
radicle contained in them. 

Najibtliaquinoneoximcs, obtainable from the 
qumonoH by interaction with hydroxylamine, 
are usually made from the naphthola or from 
dihydroxyna])hlhalen‘' derivatives by means of 
nitrous acid. As llie chief interest attaching to 
these substauce.s from the technical aide lies in 
the colouring matters to which some of them 
give rise, they are described m this article as 
mtrosonaphthols, following the Patent litera¬ 
ture, although classified as oximes. 


N-OH 


N-OJl 


A/ 


I 1 


VV 

6 


AA 

vv' 

() 


OH 


111 


V 


,OH 


In the more recent discussion of the subject 
(r/. Tschugaefl, d. pr. Chem. 1907, [n.] 70, 8H ; 
Werner, Ber. 1908, 41, J0(»2, 2383 ; J.»iobermann, 
ibid. 1430; Morgan, J. ^oc. Dyers and Col, 
1921, 37, 43), the production of lakes by com¬ 
pounds of these types is referred to the forma¬ 
tion of complex hcterocycdic groups, in which 
the metal of the mordant forms one component 
of the 6- or 0- raembored ring. But cyclic 
structure is not of itself sufficient to develop 
colour with basic mordants, and in each auxo- 
ohromo complex there i.s also present a radicle, 
which by its ‘ subsidiary ’ valency can be 
linked with the metal. Por example, [/S-]naph- 
thaquinoneoxime (1 -nitroso-jd-naphthoi) i^ a 

^ The compound described as 1: 8- or penuaphtiia- 
quinone by Meldola and Ilugiics ((Jbcii^, Soc. Trans. 
1890, 67, 632) is now known Ui bi^ a dinaphthaqumone 
(Llebermann and Schlossbcrg, Bcr. 1899, 32, 54C; 
cS. Meldola, ibid. 868). . 

* In the naphthalene series, azo- dyes whlcn, when 
chromed, give rise to lakes arc dijrlved for the most 
part either 

(o) from 1:2-, 2:3- or 1:8-dihydroxynaplit4ial- 
enes and their sulphonic durivulives by coupling witli 
dlazotlsed bases or 

<6) from diazo-oxldcn by coupling wltfi p-uaphthol 
or with the 1.5-, 1:7- and 2: 6- dlliydxoxynaplitlialcnes 
and their sulphonic adds. 

The determining factor in the production of these 
lakes Is the propimiulty of tlio hydroxyl groujis, as is 
evident from the formuloa of the following dyes (one 
from each source) wliich before clyoiniiig give blulsii- 
red shades on wool:— 


Cri 

A, 

0 OH 

k-n,AA 

®VV* 

reddiah-blac^ke 


O—Crl -O 
H 


bluish-black lake 


(Cf. Morgan. J. Soc. Dyers and Col. 1921,,37, 46; 
Morgan and Porter, Chem, Soc. Trans. 1915, 107, 651). 


Naphthaquinonb8. 

2 (i) 1 : 2 - Maphthaquinone {[j8*] 

A/\.() naphlhuijvuiorie) is obtained by the 

1 I [' oxidatioiuiZ/^trof l-amino-2-naphthol 
V \/ witli chromic acid mixture (ytenhouse 
and Droves, Chem. Soc. J. 1878, 33,416; Liebcr* 
mann and Jacobson, Annaleii, 1882, 211, 49 ; 
Grandmougin and Michel, Bcr. 1892, 26, 982 ; 
Haul, Z. angew. (’hem. 1897, 10, 24 ; Russig, J. 
pr. Chem. 1900, |ii.] 62, 66), or with ferric chlor¬ 
ide (Groves, (iiern. JSoc. Trans. 1884, 45, 298; 
Paul, I c. 48) or of 2-ainin()-l -naphthol by nitrous^ 
acid (Grandmougin and Michel, l.c. 3430). 

Preparation. —Freshly-prepared l-amino-2- 
naphthol, obtained by reduction of Orange II 
(100 grms.) with sodium hypo(hydro)8uIphite, is 
diasoli.y'd or suspended in sulphuric acid of sp. 
gr. D2 (200 c.c.) and oxidised in the cold by a 
solution of sodium dichroinate (30 grms.) in 
water (Grandmougin, Ber. 1906, 39, 3661). Or 
the freshly prepared jfioduet, obtained from 
^-naphthol (50 grms.) by reducing its nitroso- 
compound with hydrogen 8ulphi<ie» dissolved 
in 6 p.c. suljdiuric acid {1400 c.c.) and oxidised 
in the cold with a solution of potassium di¬ 
chromate (36 grms.) in water (Lagodzinski and 
Hardine, Ber. 1894, 27, 3076). The yield 
amounts to about 26 p.c. of the weight of the 
Orange II (ji-8ulphobenzeneazo-)S-naphthol), or 
to about 80 p.c. of that of the j8*naphthol em¬ 
ployed. 

Identification .—It crystallises in rod needles ^ 
or in orange scales, decomposes with black(Jfl- 
ingat 1]6°-120'’ (Liebqrmann and Jacobson, Z.c.), 
and resembles [a-Jnaphthaquinono in solubility, 
but differs from it by being destitute of odour 
and non-volatiU with steam. Dilute alkalis dis¬ 
solve it, forming yellow solutions, which rapidly 
become dark on being shaken with air. 

Reactions .—By sulphurous acid, or dilute 
hydriodic acid, it is reduced to 1 : 2‘dihydroxy~ 
naphthalene^ but stannous chloride converts it 
into ^-dinaphthyldihydroquinone (Stenhouse and 
(jlives, l.c.). Oxidation with ferric chloride in 
10 p.ft. aqueous solution gives di-lB-lnaphtha- 
quinone o^e (Wichmhaus. Ber. 1897, 30, 2199) 
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and with nitric acid of sp. gr. 1‘38 successively 
^•nitro\^-]mphthaqui'none {Zaertling, Ber. 189(), 
23,175) and phtkalic acid (Stonhouse and Groves, 
/.c.), but with pA’manganate or diohromato only 
phthalic and (Boswell, J. Physical Cho'n. 1007, 
11 , 110 ). 

With phenylhydrazine it giv(!s the hydrazime 
[0 : NjHi'h^l : 2 ], rod noodles, m.p. KIH"', 
isomeric with bemenoa/.o-j!l-iiaphthol (Zineko 
and Rathgeii, Bor. 1880, 10, 248:1; Bamberger, 
Ber. 1897, 30, 614). With *iiydruxyla.niino it 
forms the moiwximc, identical with 2 -nitro.so-a- 
naphthol (Goldschmidt, hw. 1884, 17, 216),, 
With aniline in alcoholic solution it yields 2 - 
hydroxi/-\a-]nu'phtha(iiiv}i<)n(‘aml [() : Oil : NPh 
= 1 : 2 : 4], m.p. above 240", red needles, solubli; 
in alkali, and convertible into ’2-amltHO-\a-\ 
mphfluKfUitione, m.p. 100"-191'’, n-d nec'dios, 
insoluble in alkali (Liebermann and daeohson, 
hr. ; Zincke, Ber. 1881, 14, b:94l. 

Acetic anhydride aidc'd by sulphuric acid or 
zinc chloride or ^iho.sphone- aiud, converts it 
at 50" into the triacdatr of 1:2: 4-trihydroxy- 
naphthalene. With sodium bisulphite' solution 
of sp.gr. P4 it gives I : 'l-dihiidroxynaphthalnu:- 
^•sulphoYiic and at the ordinal y temperature 
and, with sodium tlnosuljihate and acetic acid, 
1 ; 2-dihydrojLy‘mphthyliii(c-A4}nostdplionic acid 
(Bayer,‘B. K.-P. Tl.'lH; Kng 1’. 826 of 1893). 
When heated with sniphuric acid, with or 


thaquinhydrone. Oxidation in caustic soda 
solution by atmospheric oxygen gives 2-hydroxy- 
[a-]na.pht/ia(fninone, but with nitric acid or 
permanganate furnishes phthalic acid (Lieber¬ 
mann and Jlittier, Annalen, 1876, 183, 243; 
Japp and Miller, Chom. Soc. Trans. 1881, 39,220; 

1 r/. Boswell. J. JMiysical Cliem. 1907, 11, 119). 
i In acetic acid solution with chlorine the dirhlor^ 

\ idr, m.]). 176", is formed and with bromine the 
' dihromidc, m.p. 02 ’ (Zmeke and Schmidt, Bor, 
1894, 27. 2767). 

! With phcnylliydrazine it yields the hydraz- 
OH'-, identical with bcnzeiicazo - a • naphthol 

, (Zmeke and Ibndcvvald, l^er. 1884, 17, 3026). 
With hydroxylamine it forms the monoxime, 
identu-al with 4-iiitroso-a-naphthol (Gold¬ 
schmidt and .Si'hmid, ibid. 2064). With aniline 
in alcoholny sol alum 2-aii diao-la’lnaphtha- 
qinnonv is ohlamed. I*y acetic anhydride and 
zinc ciilondc' or by sulpburic aiud at 50° it 
I IS converted into the inaedate of 1:2: 4-tn- 
' hydroxynajditlialcno. 

; ’ (ill.) 2: 6 -Naphthaquinone, obtained from 
I 2 : 0 -diJiydroxynaphtlialene by oxidation in 
I boiling ijcnzenc solution with lead peroxide, 
ftirras reddish-yellow prisms, and is odourless 
and non-volatile, but unlike l) 9 -]naphthaquinone, 
is an oxidising agent conqiarablc in this respect 
with 71 -beiizoqunione ^Wlllstutte^ and Parnas, 
Ber. 19(G, 40, 1411, 397J). 


without tho presence of hone acid, 125"-160‘', ' 
it is converted into naphlhaqiiinonc black, which . 
dyes mordanted wool in black sluides (Ileyilen, ! 
]). R.-P. 113336; iCng i». :{2()5 of 1990). 

(ii.) 1 : 4-Napllthaquinone ([a-]nnplitkaqmn- \ 
ojic) can be obtained by oxidation of naphthal¬ 
ene with cliromie acid in aci'tic acid solution 
(Groves, Chem. Soc. J. 1873, 26, 209). it is 
^also formed when a-naphthyl acetate (Miller, 
Ber. 1881, 14, 1601), or l-amiiio-4-naphthol 
(Liebermann, Ber. 1881, !•!, 1796); or a- 
uaphthylamine, or diraethyl-a-naphthylamine, 
or a-naphthy!amino-4-su!])houic acid (Monnet, 
Reverdm and Noelting, Bi'r. 1879, 12, f:306) is 
oxidised with chromic acid mixture, or 1 : 4 
diaminonaphthalene with nitrous acid (Grand- 
mougin and Miehi'l, Bor* 1892, 26, 977). 

Preparntto7i. —It is pre 2 -»ared conveniently 
from l-amino-4-naphthol by oxidation witli 
potassium dicliromatc and dilute sulphuric acid, 
the yield amounting to about 40 p.c. of that' 
calculated (Liebermann and Jacobson, Anualen, 
1882, 211 , 01 ), but can be obtained in equally 
good yield from naphthalene by oxulateui m 
concentrated glacial acetic acid solution with 
four times its weight of chromium trioxide 
di«' olved in acetic acid, the mixture being kept 
at 15°-20° during 3 days (Miller, Ber. 1884, 17, 

' P.ef. 365). The product can be purified either 
by distillation with steam or by crystallisation 
from light petroleum (b.p. 85"'-120°). 

Identificahon, —It crystallises in yellow' tri- 
clinic needles, m.p. 125°, begins to sublime 
below 100 ", has the odour of p-benzoquinone, 
is readily volatile with steam, and dissolves 
easily in most organic solvents, but only 
sparingly in light petroleum or water. 

Reactionfi, —It is not reduced by sulphurous 
acid in the cold, but by hydriodio acid and 
phosphorus or by tin and hydrochloric acid it is 
converted into 1 : i-dihydroxynaphihalene.* Par¬ 
tial reduction results in the formation of naph- 


IlYJ)KOXYNArHTlUQUINOliES. 

( 1 .) 2 Hydroxy-[a-]naphthaquinone * can be 
obtained by boiling anurio-I'i-]naphthaqiiinone- 
imide (diiimrio-a-napbthol, v. 2 : 4-diamiiui-a- 
iiaiililhol) with dilute acids (Giaobe and Ludwig, 
Aiiualen, 1870, 164, 321), or with sodium 
carbonate solution vvliicli afterwards is acidified 
(Oiehl and Merz, Ber. 1878, 11. 1316); or by 
heatiiig2-anilmo.[a-jiia])hthaqiiinone with liydro- 
chlone acid (Baltzer, Ber. 1881, 14. 19(K)); or 
by dissolving [^-]nai)hthaqui!ionc-4-Buli)honic 
acid 111 sulphuric acid and, after some hours at 
26°, pouring the solution on to ice (Aktienges., 
D. R.-P. 100703; Eng. P. 26076 of 1897). It 
18 formed, also, when an alkaline solution of 
[a-<3naphthaquinoiic (Kow'alski, Ber. 1892, 26, 
1659) or of 1 : 2-diliydroxynaphthalene-4*Bul- 
! phonic aciik (Bayer, i). R.-P. 70867; Eng. P. 
825 of 1893) IS exposed to the air ; and readily 
I by oxidizing either l(S-|naphthaquinone, sus¬ 
pended in eaiistic soda solution, with hydrogen 
jieroxidc (Teichner and Weil, Ber. 1^6, 38, 
33J6) or 1 . 2 : 4-trihydroxynaphthalene in 
aqueous solution with dichromate mixture at 
i 0° ('ITiiele and Winter, Annalen, 1900, 311, 347)* 

' Jdenlificaiion. —It crystallises or sublimes in 

j yellow needles, ni.j). 100°-191°, dissolves only 
I sparingly in boiling water, expels carbon dioxide 
I from carbonates, and dyes wool or silk yellow, 
i The acetate forms yellow scales, m.p. 130" (Thiele 
j and Winter, l.c.). 

' Ileaciions. —It couples with diazotised bases 
I in presence of sodium acetate, forming azo- dyes 

* By condensation with o-phenylenedla^iw, 2-hy* 
droxy*[o-jnai)hthaqulnone gives an azine (Kebrniann, 
Rcr. 1890, 23, 2463h behaving as If it were 4*hydroxy- 
lS-]naphthaquiiione. Many of the montMubstitu^ 
naptithaquinonea of the 1:2: 4 -type exhibit a 
tnutoroerlsm (cf. Miller, Chem. Soc. AWItr. 1911> b 46W, 
altJiougli the formulas usually assigned to tneia repre¬ 
sent oidy one of the two isomeric forms. 
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which are remarkable because in them, the 1* or 
o position not being available, the azo- group 
has taken up the alternative ortho-, namely the 
3* or position to the hydroxyl radicle (Kehr- 
mann and Goldenberg, Ber. 1897, 30, 212()). 
On reduction with tin and hydrochloric acid, 
it yields 1:2: 4-trikydroTijmtphihnlc7ie. 

3-Nitro-2-hydroxy-[a-]iiaphthaquinono 
is formed from |j3*lruiphthaquinone-4-8u!j>li()nio 
acid, or from 1 •amiiio-2-naphthol-4-8uli)honic 
acid by nitration in sulphuric acid solution below 
50° (Aktienges., D. ll.-P. lOOOll ; Eng. P. 26075 
of 1897). It is crystalline, and with phenyl- | 
hydrazinesuiphonie acid gives a yellow azo- dye ! 
for wool (Akticngea., J>, It.-1\ 102071 ; Eng. P. 
676 of 1898). 

2-H y d r o X y-[a-]n a j) li t h a q u i n o ii c - 3 - s u 1- 
phonic acid, obtained by sulphonating 2- 
hydroxy-[a-]naphtliaquinone witb*25 p.c. anhy- 
dro- acid at 20"*, forma a sparingly solublo 
sodium salt in pale yeilow scales (Atkiengcs., 
I). K..P. 99759 ; Eng. P. 26675 of 1897), and 
with phenylhydrazinesulphonic acid (Aktiengi's., j 
B. R.-P. ioi918 ; Eng. P. 670 of 1898) or with 
the hydrazine from 1 •amino-8-naph<hol-3 : (i- i 
disulphonie acid (Akticnges., J). R.-P. 102070 ; | 
Eng. P. 676 of 1898), gives rcapi^ctively an 
orange-yellow or rcddisli-ycllow aso-clye tor 
wool. 

The 6-sulj>lionic acid in produced when! 
a mixture of [/}-]napldhaqiimone-4 ; O-disub i 
phonic acid and sulphuric acid is kept, at 26” 1 
for some hours (Akticnges., I). R.-P. 100703; j 
Eng. P. 26075of 1897); orw'hen 1: 2-dihydroxy> 
naphthalene-6-8ulphonic acid is oxidised in 
caustic soda solution with liyilrogcn peroxide 
(Teichner and Wed, Her. 1005, 38, 3376). The 
sodium salt forms red needles. 

The7-8ulplionie acid((jaess, Ber. 1899,32, 
237), which gives two sodium salts NaA-| 3H2(h 
and Na.A, and two barium salts BaA^4-2H..(), 
and BaA+S-UIgO,forms axxazinc with o idionyl- 
enediamino, reacting as if it were 4 hydroxy- 
[j8-]naphthaquinone-7-sulphonic aeid.‘ 

(ii.) 5-Hydroxy-la-|naphthaqulnone {jwjhme] 

regianin; nvrin) occurs in the green parts and 
shells of tlie walnut (Ihissemoret and Pombea, ! 
Compt. rend. 1905, 141, 838; (Combes, l^idl. 
Soc. ohim. 1907, [iv.] 1, 803), but in nuts not j 
freshly gathered is replaced in part or wholly by i 
hydrojuglono (c/. Mylius, Ber. 1885, 18, 2567). ' 
It can be extracdod from the shells by other ; 
(Combes, I.C.), and is obtained by oxidation ofj 
1:4:5- trihydroxyna[)hthaIene (hydrojuglono) | 
with ferric chloride (Mylius, lx.), or chromic acid ' 
(Bernthsen and Semper, Ber. 1885, 18, 204/; or 
of 1:5-dihydroxynaphthalene with chromic acid ' 
mixture {ibid. Ber. 1887, 20, 939; Wdlstatter i 
and Wheeler, Ber. 1914, 47, 2798); or of 4: 8- | 
diamino-a-naphthol with ferric cjiloridc (Fried- 
l&nder and Silborstern, Monatsh, 1902, 23, I 
617). ^ . I 

Ideniijication. —It crystalhses in yellowish* ' 
red or brown needles, m.p. 151°-164°, is almost ] 
insoluble in water, and in aqueous solution 1 
colours the skm yellow like walnut juice. Us ' 
tribromo- derivative dyes silk and wool (Wheeler 
and Scott, J. Amcr. Chem. Soo. 1919, 41, 
835). 

(iii.) 6-HydTOxy-{j3-]Daphthaquinone, . pre¬ 
pared by oxidising l-amino-2: 6-dihydroxy- 
^ See footnote, p. 50S. • 


j naphthalene with ferric chloride, forms brick- 
I rod scales, decomp, at 165° (Kehrmann. Ber 
1907, 40, 1962). 

The 4-sulphonio acid is obtained from 1- 
nitro 80 - 2 :6-dihydroxynaphthafene by inter¬ 
action with sodium bisulphite solution ami 
oxidation of the product (Bayer, 1). R..p. 
871MX); Eng. P. 6035 of 1893). 

I (iv.) 7-Hydroxy-[/l-]naphthaquinone, obtained 
by oxidising l-ainino-2 : 7-dihydroxynaphthal- 
cnc (Clausius, Be^. 1890, 23, 622), forma brown 
needles, m.p. 194° (Nietzki and Knapp, Ber, 
1897,30, 1123). 

The 4-sul])horiic acid, prejmred by oxidis¬ 
ing l-amino-2: 7-dihydroxynaphthalene-4-8uI- 
phonio acid with nitrous acid (Boniger, Ber. 
1894, 27. 3051), gives a potassium salt in brown 
needles (Bayer, l.c.). 

(v.) 8-Hydroxy 1^-lnaphthaquinone has not 

been described. The O-.sulpjionie acid, ob¬ 
tained by oxidising 8 - hydroxy-1 : 2-diamino- 
naphthiileiie-O-siilphonic acid with dichromate, 
lias been used like the foregoing isomeridos for 
the jirodiietion of tlnazincs (Bayer, l.c.). 

(VI.) 2:3-Dihydroxy-[a-|naphthaquInone (Iso- 

riaplithazann) is formed when 3-amiuo-2-hy- 
droxy-fa-]nai)hthaquinonc is heated with dilute 
hydrochloric acid at 180° (l)ichl and Merz, Ber. 
1878, 11, 1322); or whbn 1 : 4-diainino-2 :3- 
diliydroxyna]ditlialene is oxidised by ferric 
chloride (Fnodhuider and SilherHti*rn, Monatsh. 
1902, 23, 525); or when [^-jnaphthaquinono is 
dissolved m dilute bleaching powder solution, 
whicli 18 then aiudilied with acetic acid and 
boiled with a few c.c. of hydrochloric acid 
^ (Ziniiko and Ossenheek, Annalcn, 1890, 307, 11 ; 

[ cf. Bamberger, Ber. 1892, 25, 134, 891; Zincke 
and Schaiienberg, ibid. 409). 

I Idcnhjicalwn. —It crystallises in rod needles^ 
j m.p. 280°; dissolves in caustic alkali solutions 
with a blue coloui which disap]>ear8 on exposui'e 
to the air, o-carb().njphniyl(jl)joxyhr acid being 
formed ; yields 1:2:3: i-icirahydroxynaphthal- 
enc. oA careful, but 1:2: ^-trihydroxynaphihah 
cnc on vigorous r<*duetion with zinc and dilute 
sulphuric acid; and is a dyo for mordanted 
wool. Its dturefafe forms colourless needles, 
m.p. 105 ’ (ZuicJvO and (Ossenheek, l.c.). 

(vii.) 5: 6 ■ Dihydroxy - [a - Jnaphthaquinone 
(Naphthazarin ; Alizarin black,} was first ob¬ 
tained by heating 1: 6-dinitronaphthalene with 
zinc and sulphuric acid at 200° (Roussin, Compt. 
rend. 1861, 62, 1033, 1177; cf. Liebormann, 
Annalen, 1872, 162, 330). As it can be formed 
by boiling 1:4:6:0-tetra-aminonaphthaIene 
with dilute hydrochloric acid, its constitution 
is known with certainty (Will, Ber. 189^28, 
2234; Friodlandcr and Silberstern, Moifatsh. 
1902, 23, 518). ^ . 

Preparation .—It is produced on the large 
scale by stirring 1 : S^initronaphthalene (2 pts.) 
into monohydrato (40 pts.), adding a solution 
of sulphur (1 pt.) in 40i).c. anhydro-acid (10 pts.) 
below 40°, and, when a test gives a blue solution, 
pouring the ‘ naphthazann melt ’ into water, 
removing sulphur by filtration, and boiling the 
filtrate until the colour has changed to red 
(Bayer, I>. R.-P. 71386). Substances which 
yield sulphur, such as hydrogen sulphide, sulphur 
chloride, &c., can replace it as reducing agents 
! (Baser, J). R.-P. 77330 j Eng P. 17673 of 
I 1892). 
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1 : S-Dinitrcmaphthalene (1 pfc.) also furnishes j 
naphthazaiin when dissolved in sulphuric acid | 
(20 pts) and reduced at 120®-130® either •sfith 
aniline, phenylhydrazine, tin or iron (Badische, 
D. K.P. 76922 ; Eng. P. 3828 of 1894) or 
electrolytically (Badische, I). R.-P/ 79406) 
provided the molt ^ is boiled with water; hence 
it is possijble in the manufacturing j>rocoss to 
substitute the dinitration j)ro(luct fnjm naphthal¬ 
ene for the pure 1: 5-dinitro-dcrivntivc.* 

Propertie/i. —It sublimes ip brown noodles I 
showing a green lustre, is only sparingly soluble : 
in water, but ili.ssolves alkalis forming a ; 
comflowor-bluo, and m siiljihuric acid a magentaf! 
solution. It is an important dyestulT, giving 
very fast violet-black lakes with (ihronmim I 
salts. When wanned at 50'’-70’’ with sodium ! 
bisuljihitc solution, it is converted into a soluble I 
compound used in dyeing und(u- the name of 
alizarin black S and naphthaprin S (Badisclu^ 
I). R.-P. 41518; Eng. P. 7833 of 1887), but 
with concentrated aodium bisulphite solution at 
100 °. followed by oxidation of the. resulting i 
leuco- compound, it yields wiphlhazfmn.snlphonn' I 
acid (Ilbchst, T). R.'-P. IIOHOO). The dutcclatc, I 
needles, m.p. 180° (Zincke and Schmidt, Annahm, | 
1806, 286, 36), and the itira-acdale of 1:2: 5: 8- | 
tetrahydroxynaphthalcne (Liebcrinann, Bor. 
1895, 28, 1467) have been ])re})aied from it. 

By condensation of naphthazarin with salts 
of aromatic amines or with their snlphonic 
acids at 26°-4()° in presence of hone acid, black 
dyes are formed (Badische, D. R.-P. 101525, 
101152; Eng. P. 21207 of 1807 ; Jh R. P- 
167684 ; Eng. P. 2468 of 1004). 

Naphihazarh Melt. 

Naphthazarin melt contains a ‘ naphtha?-- 
'arin intermediate product,’ the blue solution 
of which in water, when boiled, gives iiaphthaz- 
arin. This ‘ intermediate product,* although 
its constitution has not been ostablislied l)y 
direct expenment, is probably an iinjmry form 
of b'amino-iS-hydroxp-\a-]naph(h(viuiiion(:}n}-ide ® 
Consideration of the results recorded in the 
numerous patents of the Badische Anilin- u. 
Soda-Fabrik and other .^rms during the period 
1896-1000 and of those arising from the investi¬ 
gations of Grivebe and of Friedlandor on the | 
nitronitrosonaphthols {q.v.) separated from the 
naphthazarin molt has revealed a close rosein-! 
blance between the naphthazarin reaction and ' 
that which takes place when I : 5'dinitroanthra- i 
quinone, anhydro- acid and sulphur are heated 
at 60°. The latter leads to the formation of a 
soluble, bluish-violet ‘ mtermediak^ product.’ 
iden^'fied as l-nitro-5-nitro8(>-8-liydroxyanthra- 
quinone (Bayer. D. R.-P. 104282; cf. 105667). 

’ By-analogy, therefore, the course of the naph- j 

^ The naphthazarin melt' from 1 :8-ciinitronaph- ' 
thaleno contains an intermediate product different i 
from, but probably Isomeric wltli, that furnished by ' 
1: S-dlnltronaphthalene. 

* When heated In sulphiuic add solution at ISO” i 
with hydrogen sulphide, 1:6-dimtronaphthalene > 
(Badische, B. R.-P. 134705; Eng. P. 6053 of 1000 ; 
Hbchst, D. R.-P. 13ftl0.'»). and 1: 8*dinitJonaphthalene 
(Badische, D. R.-P. 114264 ; Eng. P. 890 of 1900) give 
products which, unlike naphthazarin, develop blue and 
violet shad^ on wool without a mordant. 

* According to Aguiar and Bayer, the melt con- 
tidns In addition a trlhydroxy-bi-Jnaphthaquinone, 
obtainable also by heating naphthazarin with sulpliuric 
acid (Ber. 1871, 4, 439). 


thazarin reaction may bo represented by tb© 
■forraulfie:— 


HO NO, 9 NH, 9 OH 
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The I -nitro-5-nitroso-8-hydroxynaphthalene or 
H.nitro-4-mtroso-a-naphthol (I) is formed from 
I : ri-diiiitronaphthaleuc at relatively low tem¬ 
peratures, but the ‘intermediate product’ (II) 
at higher temperatures, passing when boiled 
with dilute acids into iiajihthazarin (III.) with 
elimination of the NKj radicle as ammonia. 


‘ Nnphthazarm Intcrmcdiaic Product,'' and the 
di’f.vid colonrviuj matUm. 

The intermediate product can be isolated by 
prcoi])itating naphthazarin molt with zinc 
ehlonde (Hoehst, !). R.-l*. 111683; Eng. F. 
16296 of 1899); or by oxidising the Icuco- 
compound {v. infm), dissolved in euustie soda, 
w’lth a rapid cnrient of air (Badische, I). R.-P. 
198.551), or a solution of the melt with hypo¬ 
chlorite or diehroniato {ibid., 1). R.-P. 101372; 
Eng. P. 15909 of 1898), and boiling the sodium 
salt thus obtained (which separates as blue 
neeilles) with acetic acid (dnd., 1). R.-P. 1085.52). 

From naphthazarin melt, f»la<-k, bluish-grey, 
green, or blue mordant dyes an; obtaineil by 
oxidation with diehromati* (BadLselie, 1). R.-P. 
101372; Eng. P. Ic.); by condensation either 
with phenols {ibid., 1). R.-J\ 103J.OO; Eng. P. 
10597 of 1898), or with aromatic amines {ibid., 
\). R.-P. 118078; Eng. P. 20997 of 1899 ; 
llochflt, 1). K.-P. 125574; Eng. P. 20486 of 
1899); or by sui]>lionation with 20 p.c. anhydro- 
acid (Hoehst, 1). R.-P. 117359) respectively. 

Reduction with stannous chloride converts 
naphthazarin melt into the leuco-compound, 
crystalliaing in colourless needles (Badische, 
I). R.-P. 101371, Eng. P. 15708 of 1898), which, 
Hulphouated with 23 p.c. anhydro-acid, gives a 
hhiodya (ibid., J). R.-P. 106029; Eng. P. 24762 
of 1898) convertible into black, green, or blue 
mordant dyes by boiling respectively with 
hyd'rpehlorie acid (ibid, 1). R.-P. 106033 ; 
Eng. P. I.C.), or w'lth aniline and aniline hydro¬ 
chloride (ibw., D. R-I*. 108414; Eng. P. l.c.}, 
or with amliue hydrochloride and water (ibid., 
p. R.-B 108415). 

(vjii.) 6: 7 • Dihydroxy - [a-jnaphthaquinone, 
obtained from 6-amino-2 : 3 : 8-trihydroxy- 
napl.thalcne by oxidation with ferric chloride, 
forms leddish-brovvii needles and has only 
feeble dyeing properties. Its diacetate forma 
yellow needles, m.p. ()5°-67° (Friedliinder and 
iSilbcrstcm. Mi^natsh. 1902, 23, 532). 

(ix.) 5:6: 8-Trihydroxy-[a-]naphthaqu{none 
(luipfUhipurpurin), one of the products (‘A ’) of 
the action of sulphuric acid in presence of borio 
acid on 1 : 5-dinitronaphthalene at 220° (Bayer* 
D. R.-P. 82674), IS obtained in a pure state 
cither by boiling naphthazarin with an eq[ual 
weight of caustic soda in 1 p.c. eolation until 
the colour has changed to magenta (Badische* 
I). R.-P. 167641; Eng. P. 9647 of 1906), or with 
manganese dioxide and dilute aulphurio acid 
(Jaubert, Compt. rend. 1899,129,684). It forms 
roddish-brown needles* is easily soluble in the 
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ordinary solvents, dyes wool orange-rod chrom¬ 
ing to black (Badische, l.c.), and condenses with 
aromatic amines forming dyes, which when 
sulphonatod give blue, green, or black shades 
on chromed wool (Bayer, I). R.-P. 127760). 


Naphthaquinonesulphonic Acids. 

[yff-]NaphthaquInone-4-sulphonic acid, pre¬ 
pared by oxidising 2-amino-l-na]ihthol-4-8ul- 
phonio acid (Witt and Kaufmann, Her. 1801, 24, 
3163), or l-amino-2-naphthol-4-8n!phonic acid 
(Boniger, Ber. 1804, 27, 24) with nitric acid; 
or 1: 2-dihydroxynaphthalono-4-sulphonic acid 
with nitrous acid (Bayer, l>. H.-P. 8304(>; Eng. 
P. 825 of J80.3), forms (Misily soluble salts. 

Rpac.iionii .—it is converted by nitrosulphuric 
acid into Z-nilrO‘2.-hydrorji-\a-'\n(]pht.haquhwnp^ 
or by sulphuric acid at 25° into 2-hy(Jroxy-\a-\ 
najililhaqutnono. ; is reduced to 1 \ 2-dihydroxy' 
miphthakm'A-mlphomc arid by sulphurous 
acid ; and gives thiuzlncfi by condensation with 
aromatic mtroso- compounds (Bayer, IrX also 
oxaziru’fi with aininonaphtholsulfdionic acids 
(l>ahl, D. K.-P. 82740 ^ Eng. P. 5153 of 1805). 

By oxidising th<' corrcs])oiidtrig aminonnph- 
tholsulphouieacids, the [d-]naphihaq uinone- 
()-, 7-, and 8-raorH>-, and 4 : (>-, 4 : 7-, 4 : 8-, and 
6 : 8-di-suly)honic aiuds have been obtained, 
which furnish thiazincs by condensation with aro¬ 
matic nitroso- coin})ounds (Bayer, I).R.-P.84233; 
Eng. P. 4757 of 1803; cf. Bomger, ic. 3052). 


Napiitiiaqttinoneoximes. 

. 0 (i.) 2-Nttroso-a naphthol (1^-1 

.■NT-mT V’ftph(linquinoui-2-orinie) can Ix'. 
:JN*Ull fpom [^-jnaphihaquin- 

ono by boiling it in alcoholic 
solution with hydroxylamine hydrochloride 
(Goldschmidt, Ber. 18Hi, 17, 215); or from p- 
nitrnnaplilhalene by warming it with methyl 
alcoholic potash (Mcisenheiiin'r and Witte, Ber. 
1903, 30, 4107); or from 1-hydroxy-^-naph- 
thoic acid by means of nitrous acid (Heverdm 
and de la Harpe, Ber. 1803, 20, 1280); or, 
mixed with the 4-oxime [q.v.), from a-naphthol 
by interaction with nitrous acid (Fuchs, I5cr, 
1876, 8, 626; Worms, Ber. 1882, 15, 1810; 
UinBki, Bor. 1884, 17, 2580; Henriques emd 
Ilinski, Ber. 1885, 18, 70<»). It crystallise* in 
yellow needles, m.p. 152° (Goldsc’^midt, lx.), 
soluble in the ordinary organic, solvents or in 
hot water; forma coloured salts and ethers, 
the potassium and ammonium salts being •green, 
and the mrlhyl (m.p. 05°) and ethyl (m.p. 101°) 
ethers greenish-yellow (Pnehs, Ic.). ^ 

Reactions .—Concenl rated nitric acid in acetic 
acid solution converts it into 2: 4-dinitro-a‘ 
■naphthol ; potassium fcrricyanido in alkaline 
solution oxidises it rapidly to 2-nitro-a-no)dithol. 
With sodium bisulphite solution* it yields 2- 
amino -1 -naphtholA-sulphonic a^id. Like nitroso 
ft-naphthol it gives [B-]naphthaquinonedioximr 
with hydroxylamine (Goldschnfidt and Schmid, 
Ber. 1884,17, 2066), forms metallic salts (Ilinski, 
ibid. 2592), and is a mordant dye {cf. Aktienges., 
D. R,-P. 66786). 

2-Nitro80-l : 8-dihydroxynaphthalenc 
(Erdmann, Annalen, 1888, 247, 358) gives black 
lakes (Bayer, D. R.-P, 51478; Eng. P. 14230 

of 1889), • I, , . . 

2-Nitro80-a*naphthol-4-8ulphonic acid 


'm 

giv«3 a naphthd green with ferric chloride (Gans 
& Go., D. R..P. 28066; Eng. P. 2269 of 1884; 
Hoffmann, Ber. 1886, 18, 46). 

(ii.) 4-Nitlt)SO-a-D8phthoI {[a-Jnaphthaqvin- 
oneA-oxime) is formed when jKa-jnapfathaquin- 
one in alcoholic solution is boiled with hydroxyl¬ 
amine hydrochloride (Goldschmidt and Schmid, 
Ber. 1884, 17, 2064), or, mixed with the 2-oxime 
iq.v.) by the interaction of a-naphthol with 
nitrous acid. The best yield, viz. 40 grms. of the 
colourless 4-oxime and 50 grms. of the yellow 
2-oxime from 100 grms. of a-naphthol, is ob¬ 
tained by boiling a solution of a-naphthol (1 pt.) 
and zinc chloride (I |lt.) in alcohol (0 pts.) with 
aqueous sodium nitrite (0*5 pt.) during 2-3 
hours, the product which separate.s consisting 
of the 4-oxuno mixed with the zinc salt of the 
2-oxime (Henriques and Ilinski. Ber. 1886, 18, 
706; rf Ilinski, Ber. 18S4, 17. 2590). Itciyst- 
alliHos in needles, m.p. 190° (Kriedliinder and 
Reinhardt, Ber. 1994, 27, 240), dissolves easily 
in alcohol or etfier, gives a mdhyl ether, m.p. 

(Ilinski, lx.), and is destitute of tinc¬ 
torial power (Kostanocki, Ber. 1887, 20, 3147). 

Renehons .—(.'oncentrated nit ric acid in acetic 
acid solution converts it into 2:4-f/mt/ro.a-n«p?t- 
! thol-, potassium ferricyamde in alkaline solution 
' oxidises it very slowly to A-nitro-a-'uaphlhol. 
Reduction with stannop^ chloride furnishes 
\-aimm)A-miphihol. Like the 2-oximo and 
[)3-]na])hthaqujnonc.l-oxime, it gives 2-anilino- 
[a-)ntiph(ha()uino'n(’imiL m.p. 187°, when boiled 
with aniline and acetic acid (Bromme, Ber. 1888, 
21, 393). 

4-Nitroso-a-naphtho!-2-sulphonic acid 
is readily converted into 2 : i-dinitro-a-napkikol 
by dilute nitric aeid (('onrad and Fischer, 
Annalen, 1893, 273, 110). 

4-Nitroso-a-naphthol-2: 5-di8U Ij^h onic 
acid is formed when a-nitronaphthalene-3: 8- 
disulphonic acid is warmed with concentrated 
caustic soda solution. Its potassium salt, 
K^A-f-UH^O, forms yellow, and hastepr^assium 
salt green, nccdle.s; the amino-aoid, obtained 
from fl by reduction, furnishes i-amtnO'4- 
■napkthol on desiilphonation with sodium amal¬ 
gam (Fnodlander, Ber. 1895, 28, 1535). 

5 - Nitro - 4 - nitroso - a ^naphthol (5-m/ro-[a-] 
miphihaqvivoneoximr) is produced when 1 ; 8- 
dmitronaphthalene is heated with 12-23 p.c. 
anhydro-acid at 40°-50° (Badis^ie, D. R.-P. 
90414; Eng. P. 14955 of 1896; Graebe, Ber. 
1899,32, 2877 ; Friedlander, ifnd. 3628 ; Fried* 
•lander and Scherzer, c/. .1. Soc. Chem. Tnd. 1900, 
19, 339). It crystallises in yellow needles, and 
is soluble in alkalis giving yellow solutions which 
become red when heated with zinc dust 
(Badische, lx.). ^ 

Reoxiions .—By potassium ferricyanidc it is 
oxidised to 4 : 5-dinitro-a-naphihol ; by dilute 
nitric acid to 2:4: b-t^initro-a-naphthol and by 
permanganate to Z-nitropliihalic acid. When 
reduced ivith ammonium sulphide or stannous 
chloride, it gives 4: B-diami7U)-a.’Ua^hihol, but 
with tin and hydrochloric acid 6-amt«o-l: 4- 
dihydroxynaphthalene. 

Tlie 2:7-disuIphonic acid, formed by the 
action of very dilute caustic soda solution ^ on 

1 If concentrated caustic soda solution la used, 
the product la a 1:8-dlnitro8odlhydroxynaphthalene- 
3 : «-di8ulphonic acid, the sodium salt NagA-fSHjO 
of whldh crystaUises in needles (Ealle, l.e.). 
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1: 8*dinitronaphthalone*3 : G-disulphonic acid at 
the ordinary temperature, gives a yellow 
potassium salt K 2 A-^ 2 H 20 and a green kasic 
potassium salt. With dilute nitric acid it 
furnishes a cryltalline yellow 7iitro- dye with 
the loss of one of the groups {Kallc, 

1). R.-P. 1130«:)). 

7 • Nitro - 4 - nitroso ■ a • naphthol (7 - nitro-[a-] 
TMphihaq'Li'twni'-^-oJi iitu')^ obtained when 1 : b* 
dinitronaphthalenc in heated with 16-17 p.c. 
anhydro-acid at 40"-50", crystallises in yellow 
needles, is soluble in alkalis/ and on oxidation 
gives 4-nitTophthfilic ocid ((iraebe, Annalcn, 
1904,335,144). 

8 - Nitro ■ 4 • nitroso - a - naphthol {8 - nitw-l a-] 
napMhaqui noneA-nxvnic }, obtai ned by heating 
1 : 6-dinitronaphthaleue with 12-2:1 p.e. anhy- 
dro-acid at 40^’-60° (Badische, 1). K.-K ‘)i:i91 ; 
Eng. P. J4956 of 1890; v. r)-mtro- compound 
for other references) forms yidlow crystals; 


naphthol. When reduced with stannous chlor¬ 
ide, Y-amino-^’napJdhol is obtained. Dis¬ 
solved in cold caustic soda solution, it yields 
\^^--'\nnphthaqui7ioned\oxirn.t’, ni.p. J80®-181% 
with hydroxylaminc, but if the alkali solution 
be warm the anhydride., m.p. 78°, is the product 
(Kehrmann and Messinger, Ber. 1890, 23, 2816). 
By concentrated sodium bisulphitesolution below 
50°, it IS converted into a crystalline bisulphite 
cowpound, which, unlike nitroso-j8-naphthol, 
couiilos with diazotised bases forming azo- dyes 
(Dahl, 1). R-P. 79683; 96768; r/. Ashworth 
and Biii'gcr, Eng. P. 11560 of 189:i). When 
decomjioscd by hydrnchloric acid this compound 
furnishes [-amino-2-iia'plilholA-8ulph.omc acid 
(Ihmiger, Ber. 1894, 27, 23). 

Under the name ‘(himbin H,’ it has been 
introduced as a inonlnnt dye for cotton (Ak- 
tieng<“P., [) V.-P. 00780). 

l-NitroH()-^-na])liihol-0-sulplionic acid, 


these dissolve in alkalis giving yellow solutions, l formed by the action of nitrous acid on ^-naph 

which become green when boiled %vith zinc. . m 

dust (Badische, Z.c.). 

Beactions.^Hy potassium femeyanide it is 
converted into 4 : H-drniiro-a-naphthol, but by 
dilute nitric acid int() 2.4: ^-Irvmtro-a-naphthol. 

When reduced with tin and hydrochloric acid, 
it furnishes I : R-diamino-H-iinphlhol. 

(lii.) 1 - Nitroso • ^ • naphthol {[fi-]nap}fiha- 
(fiiinone-i-oxime) is obtairuid by the action of 
nitrous acid on /9-naphthol (Fuchs, Ber. 1876, 8, 

1020; Jlinski, Ber. 1884, 17, 2584; (iroves, 

Uhem. Soc. Trans. 1884, 46, 296; <•/. Kohler, 

JJ. K.-P. 264()9). 

Preparation :—Sodium nitrite (2 ])ts.) 


thol-O-sulphonic acid (Aleldola, Chem. Soc. Trans. 
1881, 39, 40), gives aZjoriawsalt BaA^ -flfoO, 
in (U'ange needles; a green ha.<<u- barivm salt 
BaA-l H.,0 ; a tniMc sodium salt Na^A-f 2 H 2 O, 
in green nee<lles (HolTinann, Ber. 1891, 24, 
3471), and coloureil lueiallic salts with Co, 
Ni, and Fe, from winch the metal is not precipi- 
tat(‘d by alkalis or alkali carlionates. With 
ferric elilondc and sodium carbonate it forms 
the iron sodium salt Fe(NaA )3 (Gans, 1). R.-P. 
28005; Eng. P. 2209 of 1884 ; Hoffmann, Ber. 
1886, IS. 4(>; l.r.), which, under the name 
)ia 2 )hihf>J (jreo), lias been introduced as a green 
dye for wool (Gans, D. R.-P. 28!)01 ; cj. Ulnoh, 


solution 18 added to a hot solution of ^-najihthol j_ y,)C. ('hem. Tnd 1890, 9, 1120). 


(4 pts.) and zinc clilonde (3 pts.) in alcohol 
(21; pts.), the mixture boiled for a short time 
and the sparingly soluble re-ddish-hrowii zinc 
*'■ salt which separates freed from zinc by digi'slion 
with caustic soda solution in the etild, the oxime 
being jirecipitati'd from the liltrate by aeidili- 
cation (Hcnriqiu's and llinski, Ber. 1886, 18 
706; Paul, Z. angow. Uhem. 1897, 10, 47). Or, 
as a grcomsh-yellow preci]iitate, it is ]>roduccd j 
when 10 p.e. siilphiirie acid (700 c.c.) is added 
gradually to a solution of )S-naplith<.>l (.60 grms.), 
caustic soda (14 grms.,and sodium nitrite (26 
grms.) in water (16(K) e.o.) containing one-third 
its weight of ico (Lagodzinski and llardine, Bei. 
1894, 27, :i(>7fi)- , , ,, , 

IdcntiJicnlion.—\t crystallises from alcohol 
in anhydrous orange-brown thin plates or short 
thick prisms, m.p. 109'6°, dissolves only very’ 
sparingly 111 hot water, and when pure is r-^adily 
volatile*with steam (llinski, l.c.). The cvjme 
salt CoAj (Knorro, Ber. 1HH7, 20, 283), and 
ferric salt FeAg, are insoluble in w^ater or in 
60 p.c. acetic acid, and the r.obaltic Bfilt CoA.,, is 
* (fitly very slightly soluble in boiling .60 ji.c. 
acetic acid (llinski and Knorre, Ber. J 885, 18, 1 
099 ; 2728). Since Hg, Pb, Gd, Al, C^r, Ni, Zn, j 
Mn, Mg, Gl, &c., are not precipitated by it m 
acetic aciiL solution, mtroso-^-naphthol can be 
employed tor the quantitative separation of 
Cu, or Fe, or Co, from any of the-metals named 
(cf. Knorre, Z. angew'. Chom. 1893, 0, 284 ; 
Atack, J. Soc. Chem. Ind. 1916, 34, 641). The 
barium, potassium KA, and sodium salts are 
green (llinski, Ber. 1884, 17, 2886). 

BeacHons.—By dilute nitric wid or pot-as- 
aium ferrioyMiide it is converted into l-wtro-p* 


The 3:0-disiilphonic aeid, obtained 
similaily from ^-naphthol-ll: b-disulphonic acid, 
gives a' sodium salt in golden yellow fan-hke 
I'cystals, 2-(i gi*nis. oi which dissolve in 100 grms. 
water at 18'°. Tins salt is used as a sensitive 
test f(»r cobalt, as by its aid 0-6 p.c. of cobalt 
uan be detected in' nickel (Van Klooster, J. 
Amer. ('hem. Soc. 1921, 43, 746). 

i-Nitroso-2: (i-dihydroxvnaphthalene 
(Bayer, 1). R.-P. 65126; .69268; Eng. P. 14230 
of ‘l88!D; l-nitroso-2 : 7-dihydroxynaph- 
thalcnc or dioxin (Leonhardt, D. R.-P. 66204; 
Eilg. P. 17223 of 1889); and nitro80-2:8- 
dihvdroxyuaphthalene (Bayer, D. R-P. 
6391*5 ; En^. P. 14230 of 1889) are mordantdyes, 
the two former giving green shades with iron 
salts. 

X. Cakboxy- Derivatives. 

"The naphthoic acids are technically un¬ 
important, as arc their derivatives with the 
xcc])tion of the hydroxynaphthoic acids. 


CO.H 

AA‘ 

I 1 ! 


Naphthoic Acids. 
a-NaphthoIc acid can he prepared 
by Heating o-naphthonitrilo with 
hydrochloric acid at 200° (Boessneck, 
„ Ber. 188.7, 10, 0:)9), or with 16 p.c. 
alcoholic soda at 180“ (Bamberger and Philip, 
Ber. 18H7, 20, 242), but most easily by boilmg 
it with a mixture of sulphuric and acetic acids 
(Babe, Ber. 1898, 31, 1898). It is also formed 
when o-bromonaphthalene is heated with axiue- 
ouB potassium cyanide and a small quantity of 
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cuprous cyanide at 200® under pressure {^'sen- 
mund and Struck, Ber. 1919,52,1755). It crys¬ 
tallises in needles, m.p. 160®, b.p. 300®, dissolves 
only sparingly in hot wator, and on nitration 
yields both the 5-mVro- and the %-nitro-a-7iaph’ 
Jhoic acids (Ekstrand, J. pr. Ohem. 1888, [ii.] 38, 
156). The hnrium salt and the 

calcium salt CaA 2 + 21 l 20 , crystallise in needles; 
the nitrile in needles, in.j). 34®, b.p. 209®. 

)8-Naphthoie acid is obtained when 
naphthonitrilo is boiled with alcoholic potash 
(Vieth, Annalen, 1876, 180, 305), or wilh a mix¬ 
ture of sulphuric and acetic acids (Baeyer and 
Besemfeldcr, Annalen, 1891, 2()6, 187). It 
crystallises in silky necilios, m.p. 184®, <li8.solve8 
only sparingly in hot water, and yields in- 
meuiiic acid on oxidation with alkaline perman¬ 
ganate (Ekstrand, J. pr. Chom. 1891, |ii.] 43, 
427). The barium, salt BaA2*f4H20, and 
calcium salt CaA24-3K20, crystallise in very 
sparingly soluble needles; the nitnic forms 
scales, m.p. 06-5®, b.p. 30()*5®. 


HydROXYNAPIITIIOIC A(UI)S. 

Inirodncinry .—Two general methods liave 
been used foi tlie production of hydroxynaiih- 
thoic acids— 

(1) Fusion of sulplioiiated naphthoic acids 
with caustic alkali; 

(2) lutcractiou id the sodium salts of miph- 
tliola or dihydroxynax>lithalcncs with carbon 
dioxide under pressure at a suitable tempera¬ 
ture. 

The acids formed from the naphthols are— 


OH 

AAoq h 


CO2U 

AAoh 

Vv 

n m • 


\OH 


A/ 

'vv't'O.H 


The a-acid (11) from ^-naphthol is obtained at 
120®-140®, and the ^S-acid (HI) at 200®-2.59®, a 
transformation which affords one of tins rare 
examples in the nriphthalene series of the entry 
of a radicle into the 3- jiosition to produce a 
2 : 3- di-substitution derivative. 

The order of stability of the three monol^- 
droxy-acids may be inferred from the following 
facts: 

(i.) Acid II, when heated alone or with water, 
loses carbon dioxide more readily than acid J ; 
both acids by con 2 )lmg furiush azo- dyes %hich 
do not contain the carboxyl grouj ); and acid 1 , 
with nitrous acid gives 2 -nitroso-a-na 2 )hthol by ! 
elimination of the carboxyl group. * ' 

(ii.) Acid III, on the contrary, does not 
suffer these decompositions and loses carbon 
dioxide only when boiled with solutions of 
sodium bisulphite, ammonium b^uljihite, or 
phenylhvdrazine and bisulphite, furnishing 
^-naphthol, ^-naphthylamine, and naphtha- 
oarbazole respectively (HucIioi-ot, J. pr. Cheni. 
1906, [ii.] 71,446 ; Buchercr and Seyde, D. K.-P. 
208960 ; J. pr. Chem. 1908, [ii.] 75, 403). 

2-Hydroxy-3-naphthoic acid and its de¬ 
rivatives are used as developers in the produc¬ 
tion of azo- dyes. They are remarkable as fur¬ 
nishing two series of compounds, one yellow and 
the other colourless. Thus the esters, amides, 
normal salts, Ac. of thu acid, of di- and tri- 
hydroxy- odds containing one of the hydroxyl 


groups relatively in the 2- position, and of 
2-amino-3-napbthoio acid are yellow, whereas 
the 2-acetyl derivatives and ‘basic salts arc 
colourless. This difference m properties is 
referred by Mohlau to keto-enolic isomerism, the 
following formuliB being assigned to the yellow 
forms: 



11,* 

/\/A 

/\/‘' 

C:0 . 

1 1 C;NU 

M\ (;co,h , 

CCO.H 

« c 

c 

H 

H 

(Ber. 1805, 28, 3100). 



(i.) 2-Hydroxy-l-naphthoic acid is obtained 
by acting on dry sodium jS-najiktholate with 
solid, liquid, or gaseous carbon dioxide under 
pressure in the coki, and subsequently heating 
the sodium ^-naphtliyl carbonate thus jiroduced 
i at 120"-I49'' (Schmitt, 1). li.-l*. 31240 ; Schmitt 

1 and Burkard, Ber. 1887, 20, 2701 ; Hcyden, 
I). H.-P. 38052). Tlio aetd crystallises in 
needles, m.p. 156®-157®, but when slowly heated 
begins to decompose at 124°-128®, and is con- 
vorted quantitatively into ^-naphthol and 
carbon dioxidi^ by prolonged boiling with water 
(Schmittaud Burkard,/.c.). W’lth ferric chloride 
a dcei) violet-black colouration is formed. It 
cou 2 )les with diazotiscd bases, but the j>roducts 
are ttzo- derivatives of ^-naphihol (Nietzki and 
Guitermann, Ber. 1887, 20, 1275). 

The 6-suljihonic acid is formed from 
2-hydroxy-1-naphthoic acid by sulphonation 
with 20 p.c. aiihydro- acid at 40“ (Seidler, 
I). K.-P. .53343), and its chloride by interaction 
with chlorosuliihoiiic acid in the cold (Bayer, 
D. H.-P. 278091). It loses carbon dioxide 
forming ^-■mphlhol-ii-sulphomc aetd, either when 
warmed in aqueous solution at 60°, or when 
coupled with diazotiscd bases (Seidler, l.c.). 

ill.) 8-Hydroxy-l-naphthoic acid, formed, 
togethef with the anhydride or lactone (m.p, 
108°), by boiling diazotiscd a-naphthylaiuine-8- 
carboxylic acid with dilute suljihuric acid, cryst- 
allisea in needles, m.p. ^169® (Ekstrand, Ber. 

1886, 19, 1138); it does not readily regenerate 
the lactone. 

(iii.) l-Hydroxy-2-naphthoic acffl is obtained 
by acting on dry sodium a-naphtholate with 
carbon dioxide under pressure at 120°-146® 
(lleyden, 1>. K.-P. 38052), or wilh solid, liquid, 
or gaseous carbon dioxide in the cold and sub¬ 
sequently heating the sodium a-uaphthyl car¬ 
bonate thus produced at 120®-140® (Schmitt, 
1). K.-P. 31240; Schmitt and Burkard, Him:. 

1887, 20, 2699). The acid crystallises in needles, 
m.p. 187®, is only very sparingly soluble i» 
water (0*058 grm. in 100 c.c. at 17®), and gives 
with ferric chloride an Intense blue colouration. 
The sodium salt NaA+HgO, scales, and the 
ammonium salt NH^A, needles, are readily 
soluble in hot water (Schmitt and Bui^kard, i.c.). 

Reactions. —Nitrous acid reacts with it, 
forming i-mlroso’a-naphthol with the elimination 
of carbon dioxide; mtrio acid converts it into 

2 ; ‘^-dinitro-a-napMhol (Nietzki and Guitermann, 
Ber. 1887, 20, 1275). Chlorinated in acetic acid 
solution, it yields ^<}daro-\diydroxy-2'naphihoic 
acid, from which carbon dioxide is readily 
eliminated and ^-cKwo-d'naphihol obtained 
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(Kalle, D. P. Anm. K. 46914). With diazotised 
nitranilines it couples forming para-azo- dyes 
(Nietzki and Guitermann, l.c .; cf. Nietzki, 
D. K.-r. 4417« t 46203 j Eng. P. 17683 of 
1887). f 

The 4-sulphonic acid is obtained from 
i-hydroxy.2-naphthoie acid by warming it with 
monohydfate at 60'^-70' until Bulphonation is 
complete (Dahl, D. K.-P. 51716 ; cf. Konig, Ber. 
1889, 22, 787) and its cldoridc, in.p. 200“, by 
interaction with chlorosulpbtmic acid in the 
cold (Bayer, 1). K.-l*. 2»)478(>; Eng. P. 18430 
ot 1913). The ucid 11«A*-1 5H./), crystalliBing 
in small needles, shows blue lluoicsceneo in 
alkaline solution. 

Ikacttvn.s. —Nitric acid converts it suecea- 
sively into 4:-nitro-l-lu/dr<Kri/-'2‘Wiphthoic. acid 
and 'l'.i.-dtniiro-(i-iuipldhol (Konig, Ber JS90, 
23, 800). With diuzotiscd bases it interacts, 
but owing ti* elimination of Carbon diirxide, the 
azO‘ dyeslormed arc derivatives of a-naphthol-4- 
sulphomc acid (Konig,/.c. ; cj. Dahl,/.r.). 

The 4; 7-disuiphuuic acid la the mam 
product of tlie suljdionalion of l-hydroxy-^' 
uaphthuic acid with 2(i ji.c anhydr<t-aei(l at 
loir (Konig, Ber. 1881), 22, 787; Bcidler, 
1). R.-P. 50328). The acal H,,A-1-4H20, in'cdlcH, 
shows bluish-grccii . lluorc.sccnce in alkaline 
solution (Konig, lx.). 

limctionn. —VVlien boiled W’lth 3 )).c. hydro¬ 
chloric acid it yields a-naphth(jl-i : l-diKulphanic 
acid, but with dilute sulpliunc acid at 140' it 
gives l-8ulpho-[-hydrojy-'2-'mpliihotc acid (Fiied- 
lander and Tauasig, Ber. 1897, 30, 1400). Fusion 
with caustic alkali at 220'’-240'’ eonveits it into 
i‘Hidpho-l : l-dihydroxy-'l-naphthoic acid, and at 
a higher iem]ieraturc into 1 : l-dilnji.roxyiu.iph- 
tluilciicAsuiphimic acid. With diazotised ba.scs 
^ it interacts forming asc' dyes of a-naj)hthol-4 : 7- 
disulphonie acid, owing to elimination ol carbon 
dioxide (Kbrug, Ber. 1890, 23, 810). 

(iv.) 2-Hy(lroxy-3-naphthoic acid is obtained 
by allowing the calculated quantity ol carbon 
dioxide to act on dry sodium /9-na])hthblate at 
200^-250° under pressure (Hoyden, D. II-I*. 
50341; Eng. P. 9012 of 1889; .Schmitt and 
Burkard, Ber. 1887, 20, 2702) and jiuriticd by 
extracting the crmle product with 5 p.e. sodium 
carbonate sol^ution, iieutraliBing lh<‘. hltrato with 
hydrochloric acid, boiling it w'ltb animal char¬ 
coal, and when cold adding excess of acid to the 
filtrate (Btrohbach, Ber. 1901, 34, 4142). 

Idenhjicalion. —It crystallises in yellow 
scales, m.p. 210 ’, dissolves only very spBnngly 
in hot water, and is charactenaed by its great 
stability. Its normal salts ; ethyl ester, needles, 
mip*. 86'^, b.p. 290“-291" (Rosenberg, Ber. 1892, 
26, 3034) and hydiazidt, plates, m.p. 203'’-204‘' 
' ^anzen and Eichler, J. pr. C%em. 1908, [ii.] 
78, 104) are yellow, but the basic sodmui salt; 
the U-occ/yf derivative, needles, m.p. i70‘^'-177‘’ 
(Gradonwitz, Ber. 1894, 27, 2024), the amide, 
m.p. 185'" (Rosenberg, l.c.); the anilide, scales, 
m.p. 243°-244° (Schopff, Ber. 1892, 25, 2743) 
and arylated amides generally (Griesheini, 
D. R.-P. 293897) are colourless, although the 
arylamides dissolve in alkalis giving yellow 
solutions. 

Reactions. —On oxidation with potassium 
permanganate in alkaUne solution it gives 
o-carboxyphenylylyoxylic acid (Schoplff Ber. 
1893, 26, 1123) and phthiRic acid (Schmitt, ibid. 


1114). With nitrous acid it yields l-nUroso-2- 
hydroxy-^-naphthoic acid (Kostanecki, Ber. 1893, 
20, 2898). By ammonia at 200°-280® it is con¬ 
verted into 2-amtno-Z’naphthoic acid (Moblau, 
Ber. 1895, 28, 3090). Monohydrate at 60® gives 
a mixture of the 0- and H-sulphonic acids, but, 
ehlorosulphonic acid in the cold the \-sulphonyl 
chloride, m.p. 219® (Bayer, D. R.-P. 204780; 
Eng. P. 18430 of 1913). With diazotised bases 
It (louplcs forming azo- dyes, without elimination 
of the carboxyl group (Kostanecki, l.c .; cf. 
Aktieuges., D.’R.-P. 77280 ; Eng. P. 16789 of 
1892 ; iSire.ar and Watson, J. Soc. Cheili. Iiid. 
1913, 32, 042). 

Arylamides are obtained cither by warming 
a suHfiension of 2-bydroxy-3'iiaphthoic acid and 
exeesH ol the respective base with phosphorus 
tncliloi'ide, Uiionyl chloride, &c. {cj, Bayer, 
I). R.-P. 284997 ; 291712; Gnesheim, D. R.-P. 
204.527; 291139; 293897; 295707; Eng. P. 
13237; 23732 of 1913; 5444 of 1915; Bochst, 
I). It.-l*. 291799), or liy heating an 0-acyl 
dei'ivalive of the acnl at 200®-250'^ to constant 
w'oight and allowing tlie jiroduet to internet witli 
tlie lespeclive arylaiuuie [if. ll(jchst, 1). K.-P. 
289027 ; 29478))’, 295183). 'Die anilide was 
first iisc'd as a source of azo- dyes by being 
coupled with diazotised jn-irnuline (Bavhschc, 
1). R.-l’. 221481), but later, uiidei the name 
‘Naphthol A S," was iiitrodueed as a develo})er 
for brilliant sliades on the libre, rejilaeing 
^-na])htluil, and it is in this (lirection that these 
aryhunides lia\e iis.sumed importance. 

The 1-a III i no-denvative has not boon 
described, but the l-diazo-o.ride. and the nilro- 
compound, yellow needles ]mtling at 212‘'-213®, 
obtained by nitrating it, have been used to 
furnish dyes for cliiunung (Bindsch., 1). R.-P. 
200098). 

The 0-Hulphonic acid (Ij-acid), and the 
8-siilphonic acid (S-mit/), obtained by sul- 
phonating 2-hydroxy-3-naphthoic acid with 
monohydrate at 00® or above, are separated as 
calcium salts, that of the J^-acid being the more 
soluble in hot w'ater (Gesollsch., 1). R.-P. 
093.57; iSchmid, Ber. 1893, 20, 1118; Ilirsch, 
ilnd. 1177), or as acid sodium salts, tliat of the 
L-acid being Hie leas soluble (Buelicrer, cf. 
J. ^oc. (Jliem. lad. 1903, 22, 945). The L-acid 
couples readily, but the S-acid only slowdy with 
diazotised bases. 

The 0: H-disulphonio acid is the chief 
prodiiet of the siilphonation of 2-hydroxy-3- 
, naphtliCie aeid (Gesellsch., i>. R.-P. 67000; 

' Fa^g. I*. 14101 of 1892), or of L- acid or S- acid 
i (Schmid, l.c.), with 24 p.c. auhydro-acid at 
' 125'’-150‘\ 

! React lon.f. —Fusion with caustic soda at 

1210‘'-240° converts it into 3-8ulpko-l : 7- 
; dihydroxy-i)-t■fiphihmc acid (Gesellsch., l.c. ; cf. 

' 1). R.-P. 71202 ; Schmid, he.). With ammonia 
' solution at 240°-280®, it gives ^-sulpho-2-amino- 
' 'S-hydroxy-'i-napidhoic acid (Gesellsch,, D. R.-P. 

I 09740). 

I Of the remaining hydroxynaphthoic 
' acids four have been o btained by fusing the iso- 
1 meric sulphonaphthoic acids with caustic potash 
I (Battcrshall, Anualen, 1873, 108, 121; Stumpf, 

' Annalon, 1877, 188, 1), and two from the oope- 
spcnding naphthylaminecarboxylic acids (Fried- 
! lander, Heilpem and Spielfogel, r/. J. Soc. Chem. 

; Ind. t898, 17, 8.36). 
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DfflYDBOXYNAPHTHALKNBOABBOXYLIC AoiDS. 

Iniroductmf. — The dihydroxynaphthalene- 
carboxylic acids have little txH'hnical importance. 
Five, namely those containing the radicles 
OH : OH : COj^H in the 1 : 2 : 3> J : 4 : 2-, 
1:8:2-, and 2 : 7 : (3)- positions, 
have been obtained by interaction of the heated 
sodium salts of the respective dihydroxynapli- 
thalenes %ith carbon dioxide under pressure 
(c/. Mohlau, Ber. 1893, 2b, 3007; 1805, 28, 
3093; Schmid, Bcr. 1893, 20. J117; Heydcn, 
1). R.-B. 55414), and two eontuining these 
radicles rcsficctivcdy m the 1 : 7 : (5- {t'lfra) and 
2:0:3* iiositions, by fusion of the isoincric 
suIpho.2-hydroxy-3-naphthoic: acids, S* and L-, 
with caustic alkali {cf. Schmid, l.c. ; Geselisch., 
H. R.-P. 09357). Of tlieso acids four, viz. the 
1:7:6-, 1:8:2-, 2 : (i: 3-, uiuf 2:7: (3)- 
derivatives, coujilo \vitli diazotisod bases forming 
azo- dyes. 

1 : l-fh/i_i/<Iro.ri/ti.aphlk(dcn<-2-carhoj7/hc odd. 
The 4-aulphouic acid is produced by fusing 
4: 7-di.sulj)h()-I-hydroxy-2-naphfho]c acid with 
80 p.c. caustic soda solution at 190" (Biudseh , 
1). U.-P. 841)53 ; Kng. 1'. 403^^ oi 1894), or with 
caustic soda at 220"-240° (Kriedlander and 
Zinherg, Bcr. 1890, 29, 38). It couples with 
diazotised bases (Bindsch., and is converted 
into 1 •.l-dihtfdroxifnaphthoUuc-A wljihomc aad 
when heated with 30 j).c. iiaustic soda at 140' - 
100" (Bindsch., i>. li.-P. 83905), but into the 
2-carhoxylic acid when either boiled with 20 ]) c. 
hydi-oehloric acid (Bayer, I). H.-P. 8!>539), or 
heated at 140'^ with 50 j).c. sulphuric acid (Fned- 
liinder and Zinbcrg, hf.). 

1 : l-Dihydroxi/noplil/toli )u -{]-curhoxyhc acid. 
The 3-suIphonio acid (nigrotlc acid, cf. 
Bueherer, J. pi. Chein. 1907, |ii.| 75, 287), 
obtained by fusing (>: 8-disulpho-2-hydroxy-3- 
naphthoic acid with caustic soda at 210"-240" 
(Cesellsch., 1). H.-J\ 07(M)0 ; Kng. 1». 14101 of 
1892; Schmid, Ber. 1893, 20, 1119) shows 
yellowish-green huorescence in alkaline solution. 
It couples with dia/.otised bases forming black 
or grey azo- dves (Gesellsi li , i). K.-i'. 71202 ; 
75258 ; 80912 ; 84540 ; Eng. P. 14253 of 1892 ; 
4400 of 1894). 

NArHTlIALENEDrCAltBOXVLIC: AtlDS. 


HO^C COjH Naphthalene-1: H-dicarboxylic I 
/\/\ acid (mphtJudic acid), obtained 1 
j j I by the oxidation of acenaphthene 
Y Y with chromic acid mixture (Bohr | 
and Van Dorp, Anmileri, 1874, 172. 20t^; 
Amselm, Ber. 1892, 25, t)52) is of interest on 
account of the readiness with which, like ortho- 
dicarboxylic acids, it is converted into an 
anhydride (m.p. 274") and an itninc^ derivative 
(m.p. 300"); and of the resemblance which this I 
pm- anhydride shows to phtlialic anhydride in ; 
forming a fluorescein by condensation with j 
resorcinol (Terissc, Annalen, 1885, 227, 135). 
The dieihyl ester, which cannot be jirepared by 
direct esterification, forms plates, m.p. 59"-C0° ; 
b.p. 238"-239" under 19 mm. {Wislicenus and 
l4nndorf, Ber. 1912, 45, 410). From the 
imino-derivative, vat dyes have been obtained 
(Kardos, D. R.-P. 270367; 276358; Eng. 
26690 of 1913).* W. P. W. 

NAPHTHAQUINONE v this vol, p. 507. 


NAPHTHASE Azines. 

NAPHTHAZARIN v. this vol, p. 609. 

NAPHTHAZINES f. Azikes. 

NAPHTHIONIC RED or ARCHIL SUB 
STITUT^’. Azo- ooLouRiNo matters. 

NAPHTHOL BLACK v. Azo- colouring 
matters. 

NAPHTHOL GREEN v. this vol., p. 112. 

NAPHTHOLSALOL. Trade name for 
naphthoi salicylate 

ryv—o 

H’(. used as an antiseptic. 

^NAPHTHOL YELLOW r. this vol.. p. 474. 

NAPHTHOPHENAZINE ». Azinks. 

NAPHTHYLHYDRAZINE V. Hydrazines. 

NAPHTHYLHYDRAZONES t-. Hydrazones. 

NAPLES YELLOW r. Antimony. 

NARCENE. iSW under AIori'Hink. 

NARCEINE e. Ol-iiTM. 

NARCISSINE Gjnlli^OjN. ytnut prisms, 
m.p 2(i0"-207" 95’8" in alcohol, occurring 

in the bulb.s of t he wild daflodil Narcif<suspseudo 
(Lmn.) (Ewins, (.4iom. 8 oc. 'Trans. 
1910, 97, 24^)0) and .J. JJuiihauc diUicha (Herb.) 
(Tutin, ibid. 1911, 99, 1244) is a mmiacid ter¬ 
tiary base, sparingly soluble^m the usual organic 
solvents. It eontains no methoxyl groups, but 
on fusion with potash gives an amorphous 
polyphenohc derivative. 1 ts physiological action 
js negligible. 

Asaiima and Sugi (Arch. IMiarm. 1913, 261, 
357) consider narcissinc to be identical with 
lycoMue (f/.T.). 

NARCOFORM, NARCYL, v. Synthetic 

DRUOS. 

NARCOPIN. Compound <.)f narcotine and 
niorjiliine meconatc. 

NARCOTINE 7-. Ornriu. 

NARGOL. Silver nucleinate, used as a 
bactericide. 

NAR^NGIN f A glucoside obtained 

from the blossoms and fruit of Citrus deeuwana 


(Murr.). It is a white substance which dissolves 
in alcohol and m w'arm water, and crystallises 
with4 moLs. II^O; sp. rotaftiry power m aqueous 
solution [a]])—84*5"; in alcoholic solution [a]j) 
—87'6". By hydroIysKS is resolved ifito Rsodulcit 
(or a mixture of rhamnose and dextrose, Zoller) 
and luirinyenm CYHi^Og, a white crystalline 
spbstance, m.p. 248" with decomposition. Gives 
a dcep-brown-coloured solution with ferric 
chloride, and is readily soluble m alcohol, ether, 
and benzene. Narmgenin is readily decom¬ 
posed -when boiled with cone. KOH, into phloiio- 
glucinol and nannytnic acid C^HgO, a white 
crystalline powder, m.p. 207", soluble in watej^ 
giving a rod-brown-coloured solution with feme 
chloride. Its aqueous‘solution treated with 
sodium amalgam gives hydronaringminic acid 
((\HipO 3 ), m.p. 126" (W. Will, Ber. 20, 294) 
(v. Glucosides). 

NARRAWOOD, Pkrocarpus spp., a well- 
knowni Philippine wood, according to Brooks 
{Philippine Journal of Science, 19J0, v. 448), 
contains constituents very similar to those of 
sanderawood. To isolate the red colouring, 
matter, the wood shavings were extracted with 
alcohol, the alcoholic extract concentrated and 
throe volumes of waUr added. The solution 
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was boiled to remove alcohol, and the red 
amorphous mass, which had then separated, 
was digested with about five parts of chl<iro* 
form. ^ 

Thus obtained, Narrin consisted of a dark 
red amorphous powder, readily solublo^n alcohol 
and insoluble in chloroform, which could not be 
obtained^in a crystalline state. According to 
Rrooks it is not idciilical with the santalin of 
sanderswood, for a preparation ot this melted 
at 104®, whereas narrm does pot melt but swells 
with charring about 180®. When fused with 
alkali narrin gives phlorofltinnol and resorcinol, 
and by a slow oxidation with permanganate 
12 grams gave 0*6 grain of a substance possessing 
a strong odour of vamlUfi. That it consisted of 
this substance was contirmed by its conversion 
into the phenylhydrazone which molted at 104®. 
By distillation with zinc-dust narrin yields a 
small amount of re >orn tiol dimrifujl ciher. Narrin, 
like santalin. gives with alcoholic potassium 
acetate a precipitate of potassium salt, and the 
copper salt prepared in 1-lns way w'lth copper | 
acetate had the composition {Cjglli^O^ljjCu, ! 

The dyeing projierties of narnn an; similar to ' 
those of santalin, Imt the shades produeeri are j 
not very fast to soap. j 

In addition to colouring matter, lirooks | 
isolated from nai’rawood both plno-cnrpin and j 
homopitro-enrpin. By a careful examination of ' 
these substances he concluded tliat the formula' ' 
previously assigned to them arc mcorreei, and 
should in reality bo, respeetivolv, and 

sc« Sandkuswooo). a. G. P. 
NATRAJAROSITE Jauositk. 

•NATROLITE, Gnc of the commonest of the 
several minerals belonging to the zeolite group 
of hydrated silicates. It-s composition is 
Na,Ai.Si.,()jft, 2 H 20 , and i1 crystallises in the 
orthorhombic system, sometimes as square 
pnsms, but more often as fine needles. It is j 
usually found as radiating fibrous masses in the 
.stoam-cavitics of vulcanic rocks. Sp.gr. 2'25 
Colour, usually white; lustre, vitreou^j Com¬ 
pact, radially-fibrous material w'ith concentric 
yellow bands, from Itohcntwicl in Wiirtcniberg, 
has occasionally been cut and polished for 
ornamental purposes.*’ L. J. S. 

NATRON. A mineralogical term (from the 
ancient virpU, soda) for the hydrated sodium 
carbonate Na 2 C 0 .j,lhH 20 , crystallising in the 
raonoclinic system. Sim;c this hydrate crystal¬ 
lises only at temperatures below 2(1", it is only 
under exceptional conditions that it is likely to 
bo found in the natron or soda lakes of desert 
regions ; and if formed it would soon offlores(;e 
ipf,o the monohydrate Na 2 C();„Hj, 0 , knowm as 
thermonatrite. According to Bana it exists 
^ly in solution. The native soda met with m 
the regions of natron lakes conai.sts for the most 
part of the si^lt Na 2 C(> 3 ‘NaHC 03 , 2 H .20 known 
as trona, together w’lth thenardito (Na^SOj) and 
halite (NaCl) (v. Trona). L. J. S. 

NEAPOUTAN YELLOW r. Antimony. 

NEAPON [pantopon). Trade name for a 
mixture of the soluble hydrochlorides of opium 
alkaloids. 

NEAT’S FOOT OIL. Neat’s foot oil [Oleum 
.hubnlum of the B.P.) is obtained from the feet of 
cattle by boiling with water. In this country 
the preparation of neat’s foot oil is^ cliiefly 
carried out in small esiablishments, in which 


I the by-products and waste material of the 
slaughter-houses are worked up (‘ tripe shops *). 
The feet are carefully scraped and washed, the 
hoofs are cut off, and after the hair has been 
removed, they are boiled with water in jacketed 
pans heated by steam, the water being kept 
I simmering for 8-10 hours. The oil rises to 
the top, and is 8kimme4 off from time to time 
by means of suitable skimmers. 

On a large scale, neat’s foot oil is obtained as 
a by-product in the centres of the meat-packing 
trade ((Chicago, South America). There the 
feet arc taken in their fresh state from the 
slaughter-houses ami sawn by a circular saw 
into suitalile sizes for furtlicr treatment. The 
cliief object of sawing off the feet is to separate 
j the more costly shin bones from the feet proper, 
j whieli latter yiekl the genuine ncat’b foot oil. 
i 'J'he fatty irattcr contained m the shin bones 
approaches somewhat in consistence horse- or 
boef-marrow fat, as the case may be. When 
kept separate it is sold as ‘ bone, oil.’ This oil 
must not be confounded with neat’s foot oil, 
nor with bone fat. It is, liowcver, customary 
in America to recover the oil from the slun 
bones, together with the neat’s foot oil, by 
boiling the slim hones with the feet, 'rherefure 
American oil has a higher aoiidifying-point than 
that prepared m this country. The feet are 
scalded by immersion in boiling water from 
U) to 15 minute,s in order to loosen the hoofs, 

I which arc removed. 

I The oi! is skimmed off as it rises to the 
surface, filtered roughly through a tine wire 
screen, separated from water as far as possible, 
and yien run into vessels provuted with closed 
steam coils. Steam is jiassed through the coils 
and the water still contained in the oil thereby 
! driven off, while at the same time organic 
impurities (albumin) become coagulated. The 
drieii oil is linally obtaiiKul in a perfectly limpid 
stale by filtering. 

Neat’s foot oil is pale yellow and has a bland 
taste. For the chemical and physical charactei'S 
of the oil, see Oils, Fixed, and Fats, tables. 
Properly jiriqiarcd oil contains only a very small 
amount of free fatty acids. On standing, the oil 
’ deposits ‘ stcariiie.’ This ‘ stearine ’ is frequently 
removed by filtering at a low temperature; this 
is Mono especially in the preparation of neat’s 
foot oil foi the leather industries, in which oil of 
' a low ‘ cold test ’ is required. Owing to its com¬ 
paratively high price neat’s foot oil is largely 
! adulterated with vegetable oils, fish oils, and even 
' mineral oils. For the detection of the adulterants, 
I Lewkowitsch, (licm. Tecim. 

Neat’s foot oil is a valuable lubricating oil 
j for clocks, guns, sewing niachinos, and other 
■ delicate machinery. It is largely used in the 
leather industries (‘fat liquor’). J. L. 

NEBULIUM [archo7iiuvi). A gaseous ele- 
I ment detected in the nebula of Orion by Bourget, 
Fabry and Jiuisson ((‘ompt. rend. 1914, 168, 
1017), which gives a strong double lino in the 
ultra-violet 372(>-2729, and which from inter¬ 
ference measurements has an atomic weight of 
' about 3. Possibly identical with the hydrogen 
i isotope of J. .1. Thomson, or with the helium 
1 isotope of Rutherford of mass 3. 

I needle-ore or AIKINITE PbCaBiS,* 
i ■ NELSONITE v. Rutile. 
j NEMALITE v. Bruozts. 
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NEODYMIUM. Sym. Nd. At.wt. 144 2 
(Baxter), 144*4 (Gamier). The fractionation of 
the oerite earths by Mosander in 1842 led to 
the separation of a new oxide, to the supposed 
element of which the name ‘ Didymium * was 
given, on account of the constant association of 
this substance with the metal lanthanum. 

In 1879 the didymium earths yielded ajiothor 
element, samarium (Lecoq de Jbnsbaudran, 
C’lunpt. rend. 88, 323), and six years later Auer 
von Wolsbach succeeded in resolving 'didy¬ 
mium ’ into two componentiS ne,odymi\nn and 
pra-’^codymium by the Hystcinatie fractional 
ciystallisation of the double ammonium and 
sodium nitrates (Mouatsli. 1885, 0, 477). 

f^ccurreuce .—In the minerals oente, ortliite, 
yttorbito, aeschyrnte, m<iiiazite, and samarskite. 

According to Wherry (•!. Wasliington Acad. 
Sei., 1917, 7, 143) the rod-violet colour in certain 
minerals is due to neodymium, the absorjition 
speetrum of which is observed in apatites from 
Ontario and California, and m reddish-violet 
calcites. 

Separation. (1.) Ft aclumul prcnfutalion. 
methods depiMiding on dineiences in basic 
strength (y. Lanthanum). 

(II.) CrysfallUafmn incihod.'’. —'J’bo rare eartli 
nitrates in aqueous solution are acidiiied with 
ono-tenth of their weight of nitric acid and 
treated with the calculated amount of arnmomiim 
nitrate, the liquid being then evaporated to the 
crystallising-point and left for 24 hours. 'I'hc 
mother liquor is again concentrated to the 
crystallising-point and the process repeated IJ-B 
times. The fractions thus obtained arc again 
systematically crystallised and the cycle of 
operations repeated many times until finally the 
lanthanum ammonium nitrate separates in the 
least soluble fractions, followed successively by 
the praseodymium and neodymium double salts. 
The course of the siqiaratum is to some extent 
indicated by the coloui' dilleroncca of the various 
fractions; those richest in lanthanum are 
colourless, then follow suceessjvely green 
fractions containing chiefly jiraseodymium and 
some colourless fractions m which the neutral 
tint is due to the complementary colours of 
praseodymium and iicodynnum .salts. 'J'he mifre 
soluble fractions show the pink colour of neofly 
mium salts, and finally the uncr^stallisable 
mother liquors contain the very sol utile salts of 
samarium and the terbium and yttrium n^tals. 
Owing to the presence of these soluble salts the 
neodymium fractions do not crystallise readily, 
and it is therefore convenient to remove tiae 
yttrium earths by a basic process and then 
convert the crude neodymium salt into double 
sodium nitrate. The crystallisation of this 
double salt furnishes fractions still containing 
praseodymium, and this component is the more 
readily separated from neodymium by the 
addition oi lanthanum, with jrhich it subse¬ 
quently crystfdlisos in the least soluble frac¬ 
tions. 

Although the proportions of neodymium and 
praseodymium present in the rare earths vary 
within wide limits, yet ‘ didymium ’ solutions 
generally have a pink colour owing to the 
predominance of the former component. 

Various medifications of von WelsbacSi’s 
process have been introduced. After removing 
the main portion of the lanthanum the separa¬ 


tion of praseodymium is accelerated by the addi¬ 
tion pure oeruus ammonium nitrate, the cerous 
and praseodymium double salts crystallising 
together (Soh6ele, Ber. 1809, 32,^00 ; cf, Dennis 
and Chamot, J. Amer. Chem. Soc. 1897, 19, 
799). 

The manganous double nitrates, when 
crystallised from strong nitric acid give only a 
small amount of the middle fractions containing 
mixed praseodymium and neodymium salts, ana 
bring about a sbar{*separation between the latter 
metal and samarium (^acombe, Bull. Soc. chim. 
1904, till.] 31, 570). 

'I’bc magnesium double nitrates 

2R(NO3),„3Mg(N03)„2411aO 

have been employed in acid, neutral and slightly 
basic solutions. In this proCesa a preliminary 
separation is sometimes ellccted by means of 
iiioderati'ly concentrated potassium carbonate 
when lanthanum and praseodymium are con¬ 
centrated in the precipitate whilst neodymium, 
samarium, and the ytlrium metals accumulate 
III tlie filtrate (J)etnar^ay, (Iom]>t. rend. 1900, 
130, 1019,1185 ; Diossbach, Her. 1902,36,2820 ; 
Muthmami and Weiss, Amuilen, 1904, 331, 1). 

Fractionation of the oxalates has been used 
in freeing praseodymium f«oin lanthanum, and 
lUHidymium from samanuiii (8checle, lx .; li. T. 
Meyer, Ziat-sch. anorg. CUem. 1904, 41, 94). 

Purification of neodymium and praseodymium. 
Neodymium is freed from samarium and the 
yttrium metals by continued cry.stallisation of 
tlie double intratf'H and finally by fractional 
jireeipitation with ammonia. . 

The m-rntrobcnzenesulphonates have been 
suggested as a means of obtaining pure neody¬ 
mium preparations (Holmberg, Bibang. Sv. Vet. 
Akad. Itaiidl. 15103, 28,11. No. 5; Chem. Centr. 
190U, II. 1695). 

Fractional preciiutation of neodymium 
chloride with hydrogen chloride serves to free 
neodymjum from lanthanum (BaskerviUo and 
ytevenson, J. Amer. Chem. Soc. 1904, 20, 64). 

i’rascodymium sulphate is approximately 
twice as soluble in water a.s neodymium sulphate 
at temperatures rangmgrirom lO'’ to 70“, and 
this difference has been utilised in separating 
the two elements (Muthmann anej Roug, Ber. 
1898, 31,1718). 

Fractional crystallisation of the picrates 
affords a useful method for removing small 
Quantities of the metals of the didymium group 
from those of the erbium and yttrium groups, and 
also for separating yttrium from erbium and 
holmium, but does not effect a separation of 
neodymium from praseodymium (Dennis ifcd 
Rhodes, J. Amer. Chem. Soc. 1916,37,807). 

It is scarcely possible to free praseodymiuflt 
from last traces of lanthanum, but the following 
means have boon recommended: crystallisation 
of oxalates (Feit and Drzibylla, Zeitsch. anorg. 
Chem. 1905, 43, 202); crystallisation of citrates 
(BaskerviUo and Turrentine, J. Amer. Chem. 
Roc. 1904, 2f>, 4(); Zeitsch. anorg. Chem. 1906, 
46, 80; cf. R. J. Meyer, ihid. 1904, 41, 94); 
fusion of nitrates with potassium nitrate when 
praseodymium dioxide and basic lanthanum 
nitrate are produced, the latter being extracted 
with cold aqueous ammonium nitrate; oxida¬ 
tion with potassium permanganate and mercuric 
oxide followed by the gradual addition of cerous 
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chloride when the higher oxides of praseody*, 
mium and cerium are precipitated, the lantha- i 
num remaining in solution (Orioff, ('hem. Zeit. | 
1907,31,115).* ! 

Neodymium is a paramagnetic ^pietal of; 
8p.gr. 6*95(), m.p. 840°, obt^ained by electrolysing | 
the fused chloride (Annalcn, 1902, 320, 231 ; • 
1904, 3?!, 1), has a pale-yellow tinge; when i 
heated at 220° in bytlrogcn it absorbs the gas i 
forming the hydride Ndllj. I 

Neodymium carbide N(l(^$, yidlow hexagonal | 
plates, sp.gr. 5'J 5, jiroduecd by heating the oxide 
with sugar carbon in the electric furnace (9(^,0 
amperes, 50 volts); is ileeoinposod by water 
evolving approximately 00 ]».c. of acetylene, 

0 p.c. of olefines, and 28 ]).c. of parafiins (Moissan, 
Compt. rend. 1900, 131, 595). 

Neodymium sulphide Nd.^:^ 3 , olive gnen, i 
ep.gr. 5*179, obtained by ]>assing hydrogen i 
sulphide over the lieated Sulphate or suljihiir \ 
vapour over the carbide (Ber. 1899, 32, 3413). i 

Neodymium fluoride NdF..„ lilac crystalline | 
powder, precipitated by hydrotluoMc acid from a I 
warm solution of the nitrate (Ih'r. 1908, 4 J, 034). ' 

Neodymium chloride Ndt'bi, a (crystalline ■ 
pink hygroscopic mass of sp.gr. 4*134 at 20^/4, 
prepared by (1) dehydrating tlu' hydroxide in a 
current of hydrogep, chloride; (2) heating the 
oxide or sulphate in chlorine and sulphur 
chloride (Matignon, Com])t. rend. 1901, 133, 289 ; 
11K)4, 138, t>3l); (3) decomposition of the sul- 
jihide with hydrogen chloride (Muthniaun and 
ytiitzel, Ber. 1899, 32, 3413). I’lie anhydrous 
salt absorbs from 2 to 12 molecular projKiilions 
of ammonia, and is slowly converted by dry air 
into the oxychloride NdUC'l. I'he hexahydrate 
NdC-lajGlloO separates from acpieous or acjucous- 
alcoholie solution in pink rhombic crystals (Ann. 
Chim. Phys. 190(), [vii.] S, 243; Ber. 1902, 35, 
2(i22). 

Neodymium bromide and Iodide arc produced 
respectively by warming the anhydrous idilonde 
in hydrogen bromide and iodide ; the latter is a 
black crystalline mafl.s (Conipt. rend. lb05, 140, 
1037). 

Neodymium hydroxide Nd(OU) 3 , obtained as i 
a bluish-white precijwtate from soluble neody¬ 
mium salts by the acti«>n ot caustic alkalis or 
ammonia (Zpitsijh. anorg. C'hem. HK)5, 43, 207 ; 
Joye and Gamier, Conipt. rend. 1912, 154, 510). 

Neodymium oxide {nendipnio) NdjO^, a pale 
blue powder with \iolet tinge, prejiared by 
heating the hydroxide, oxalate, nitrate, &e. 
The colour of the oxide dejiends partly on the 
mode of preparation, but also on the degree of 
hydration (Monatsh. 1885, 0, 477 ; Amer. Cheni. 
3*1898, 20, 345 ; Compt. rend. 1898, 120, 1039 ; 
Annalen, 1904, 331, 1; J. Amer. (bom. Soc. 
4004,2(1,54; Bull. 8oo. chim. 1904, [iii.] 31, 570; 
Gamier, Arch. Sci. phy^. nat. 1915, [vi.] 40, 9!1 
and 199). Higher oxides have been described: 
NdOj by Brauncr (Zeitach. anorg. Cbem. 1902, 
32, l)andNd,0, by Waeguer(i6?rf. 1904,42,118). 

Neodymium nitrate Nd(NO8)3,0H2O (for 
isodimorphism with bismuth nitrate, v. Bodman, 
Ber. 1898, 31, 1237) furnishes the following 
double nitrates— 

2Nd(N0a)3,3Mg(N03}„24H20 
Nd(N0,)„2NH4N03,4H20 
and Nd(N03)3,2RbN08,4H20 . 
(Zeitsch. anorg. Cbem. 1911, 69, 221). 


Neodymium chromate, moss green mass 
(Chem. Zeit. 1907, 31, 662). 

Neodymium carbonate NdafCOg)^, a pale red 
precipitate readily soluble in excess of alkali 
carbonates forming double carbonates 

Nd.,(C03)3,H2C03 

the .solutions of which are blue and exhibit 
absorjition sjiectra differing as to the position 
and intensity of the bands from those of simpler 
neodymium salts. 

Neodymium cobalticyanide 

1000 parts of a 10 ]).c. HCi solution contain 
4*19 ])art8 of the salt. 

Neodymium oxalate Nd^((!2O4)3,10H2O with 
the exception of thonum oxalate is the least 
soluble in rdcid.s ot any of the rare earth 
oxalates. 

Neodymium acetylacetonate 

N(1[(:H{C0-ch.j).,|, 

violet cry.stalliMC ina.ss, m.ji M4°-i46°, its 
molecular weight in c( hyl sulphide is double that 
indicated by the foregoing formula. 

Neodymium dimethyl phosphate 

lilac-coloured, luixagonal jilatcs, solubility 56’1 
at 25° and 22*3 at 9.5°’. 

For other salts r. James, Hoben and Robin¬ 
son (J. Anun-. Chem. Soc. 1912, 34, 276 ; Morgan 
and James, ifml. 1914, 36, 19). 

Tlic (ihnorptioii ftpcrlnim of neodymium is 
1 much more complex than that of praseodymium. 
A JO j).c. neodymium chloride solution shows 
ujnvards of J7 bands, and 29 (range A742-A328) 
have been notierMl on dilution (Lo Radium, 
1909, 6, 215; Compt. rend. 1898, 126, 1039; 
Proc. Amer. 1‘hil. Soc. 1908, 47, 27(»; Jones anil 
Guy, Physikal. Zeits(4i. 1912, 13, 649). 

For sfHirk and arc ■'iprcira v. Exner and Has* 
chek, Sitzungsber. Wien, 1899, Hu. 108, 1088; 
Die Welleuiaiigcn der BogeiispiUitra, 1904; 
Zeit. wiss. Photograph. Piiotophys. Photochem. 
1906. 3, 411, 4, 16. 

Therinuchtmistry of neodymium compounds 
i {v. Matignon, Compt. rend. 1905, 141, 53). 

I * Plnpiolfxticnl action of neodymium salts (v. 
Afnor. ,1. Idiysiol. 1906, 16, 314; Proc. Phys. 

I Soc. 1910,*6H). G. T. M. 

I NEOFORM. Trade name for a bismuth com* 

’ poui^d of tri-iodophenol. 

I NEOGEN. An alloy resembling silver in 
I colour, said to have the following composition 
i {i!.auvagc, Dingl. poly. J. 216, 377): 

! Cu Zn m Su AI Bl 

i 58*0 27-0 12*0 2*0 0*6 0*6 

! NEOHEXAL. Sulphosalicylic compound of 
' hexamethybmetetramine. 

NEOLEPTOL. Syn. for Triformyltrimethyl* 
1 enctnaminc. 

j NEON. Sym. Ne. At.wt. 20*2 (Watson; 
20*15, Lcduc). An inert gas, discovered by 
I Ramsay and Travers in the lighter portions of 
I gas obtained by fractionating 16 litres of crude 
i argon (Proc. Hoy. Soc. 1898, 63, 438; Phil. 
Trans. 1901, 47). The method employed in the 
separation of neon from the acoompanying 
helium and argon is fully described in Travera 
Study of Gases, 212-218. To obtain a gas rich 
in noon (and helium), the gas escaping from an 
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air liquefieria used. This gas is chiefly nitrogen; tube than in one of gla^s (Collie, Proc. Roy. Soc. 
it is liquefied and a current of air blown through 1909, 82, A, 378). For the spectrum of neon, 
the liquid. The first portion of the liquid to v. Baly {ibid. HIOS, 72, 84; Phil. Trans. 1903, 
evaporate contains nearly all the neon and A, 202, 18,3); Liveing and Dewar (Proc. Roy. 
helium present. After removing oxygen and Soc. 1901, 68 , 389); Purvis (i“roc. Camb. Phil, 
nitrogen, the argon is separated by fractional Soc. 15, 45); Watson (Proc. Camb. Phil, 
evaporation at the temperature of liquid air. To Soe. 1911, 16, 130); Merton (Proc. Roy. Soc. 
separate neon from helium effectively, fraction- 1014, A, 89, 447); Meissiner (Ann. Phvsili, 1919, 
ation must be carried out at the temperature of [iv. j 5H, 333); Paschen {ihid. 60, 40o). 
liquid hydrogen (c/. Watson, ('hem. Soc. Trans. Neon is monatomic, since the ratio of its 
1910, 97, 810). Neon and helium may be specific heat is 1 *66 (Ramsay and Travers), 
separated from the remaining inert gases by According to*Aston (Phil. Mag. 1920, 39, 
absorbing tin* latter in cliarcoal at tb(' tempera- 449) neon is a inixiqre of at least two isotopes 
turc of lupiid air (Valeiitinc'r and JSrbmidt, -^liiving the atomic weiglits 20‘00 and 22’00 
Sitzungbor. K. Akad. Wiss. Ilcrlin, 1905, 38, rcs]K-ctively, 90 ji.t;. of the former to 10 p.c. of 
816). They may also be sejiarated by cooling th(^ latter. It is jiossible that an isotope of mass 
in liquid hydrogen when neon solidifies, the 21 is ])resent to the exlent of less than 1 p.c. 
helium (b.p. —269") remaining as a gas. NEOPINE. •Syn. for Hydroxy codeine, v. 

According to Ramsay, neon ihfeilhor a jnn- Oimum. * 

duct of degradation of niton, oi, more jirobably. NEOPYRIN. Syn. for Valerylamino anti¬ 
produced by the action of niton on water. jiynne. * 

Neon IS much more abundant in the atnio- NEOSALVARSAN, NEOARSENPHEN- 

sphere than krypton and xenon; i million AMINE, NEODIARSINAL. Sodium 3'3'-di- 
volumes of air conl-ain 15 volumes of neon ' amiiio-4-4' dihvdroxyarscnobenzene-N-raethyl- 
((dande, rend. 1909, 148, 14.54; </. ene-suliihinato. *S'<r Aksenioals, (moAtJic. 

Watson, Cheni. Soe. Trans. 1910, 97. 810; NEOSIODE. Syn. for lodocatechin. 

Ramsa,y, Proc. Roy. Soc. HM)5, 76, A, 111; NEOYTTERBIUM. 5cc Ytterbium. 

J908, 80, A, 599). ‘3t also occurs in the gases NEPHELITE or NEPHELINE. A rock- 

evolved from many tliermal spimgs (Moureu and forming miiu'inl consisting of sodium (and 
Hiqiiard, Compt. rend. 1906, 143, 180; Ramsay, poUssium) alummo-sdicate crystallised in the 
Chem. Soc. Trans. 11H2, 101, 1367). hexagonal system. In eoni]ioMtion it apjn'oxi- 

Neon is a eoloui-less, odourless, tasteless mates to the orthosilicato formula NaAlSi 04 , 
gas of sp.gr. 0-695 (air— 1 ) (Leduc, ('om]>t. rend, but tluTC is always a slight excess ol silica. This 
1914,158,864). Next to In-lmm ami hydrogen, has been exjilainecl by the jiresence of such 
it is the least easily c(*iKl('nsi})le c.as know'll, its molecules as KAlSi^O, (loucite) and NaAlSi.,Og 
critical teiiqieratun^ is below' - 218"; at the- (albite), or by the solid sohition of silica in the 
temperature of liquid hydrogen it solidihes. The mntenal. Potassium (K^O 4-7 p.c.) replaces 
critical pressure is 29 atmospheres, and the sodium in the ratio of 1:3 or 1:5. Calcium 
triple-jioint jiressuro for .the' system solid- (CaO 1-2 p.c.) is akso often present. Other^ 
liquid-gas is 35 cm. (Omies, Proc. K. Akad. members of this hexagonal group of minerals,*^ 
Wetensch. Amsterdam, 1909, 12, 175). The namely, Jcaliophlile (KAIS 1 D 4 ) and cucrypixte, 
vapour pressnri's of )ic[uid neon between (LiAlSi 04 ), do not show the same variations in 
24-42''' and 44-43° (abs.) may be rejirodueod composition. These, as well as the normal 
by the formula T log p——65-061-f 2-8I91T sodiuqji orthosilieate (NaAlSi 04 ) and the corre- 
-f-OOlllSlT^, where /) —vapour pressure in ajionding barium and strontium compounds, 
atmospheres ((kath and Kanmi-Iingh Onne.s). At liave been prcqiared artificially. The mineral is 
N.T.l*. 1 litfi! of neon weiglis 0-9002±0-0003 readily decomjiosed by acuds with gclatinisation ; 
grams (Watson, Chem. 8 oe, 'I’rans. 1910, 97, and it is completely tiolublc in dilute (N/4) 
832). The compressibility of the gas has fleen hydrochloric acid. 8 p.gr. 2‘56-2'65; H. 5|-6. 
stuped by Rurt (Trans. Faraday Soc. 19P0, 6 , 'fwo varieties arc distinguit^Jiod, namely, 
19). The refractive indi-x of ne<lh at N.'l’.J'. ‘glassy’ nepliolite and ‘greasy’ nephelite or 
for the green inenairy line (A“546l) is 1 -0000672 cbirnlite (Oer. Fettstein). 'The former ocimrs as 
(Cuthbertson and (luthbertbon, Proe. Rjy. Soe. small colourless crystals and grains in volcanic 
1910, 83, A, 149). The coefficient of departure* rocks rich in soda, such as phonolites and 
fiomRoyle’slawis - 6 X lO"* per cm. of mercury nopheline-hasalts. The best crystals are from 
at 17° between 1 and 5 atmos.; hence *thc Vesuvius. Elaoolite occurs as larger opaque 
molecular volume at 10° and 760 mm. Hg is masses, of a grey, bluish, greenish, or red colour, 
1’0004 (perfect gas—I, hydrogen 1-0006). in plutonic rocks (nephelmc-syenite). Itawcha- 
coelficientof dilatation, ^•=.3664 x i 0 _®; density, racteristic greasy lustre is due to numerous micro- 
0‘696; atomic weight, 20*15 (Leduc); for its scupic enclosures of other minerals. Wiia * 
viscosity, v. Rankine (Proc. Roy.*iSoc. 19J0, 83, variety is occasionally employed ns a gem-stone. 
A, 616). Neon is slightly soluble in water, When cut with n curved surface it displays a 
the absorption coefficient at,20° being 0‘0147, chatoyant effect like oat’s-eye. This is the only 
and 0*0322 at 60° (Antropoff, ibid. 1910, 83. A, practical use to which the mineral is put. But, 
474 ). being readily decf*mposed by acids and in certain 

When neon is shaken in a tube with mercury, places (south Norw'ay, southern Urals, Ontario, 
a red glow is observed, which is as bright at Brazil, ^:e.) of abundant occurrence, it might be 
120-200 mm. as at 760 mm. On long shaking, employed as a source of potash. This would 
the glow ceases to appear; but the property is particularly apply to the closely allied mineral 
restored by sparking the gas. Moisture must kahophilite (KjO 29‘7 p-c.), were it not of 
be absent; 4iydrogen does not seriously Effect such rare occurrence, being known only in 
the glow, which is more pronounced in a silica ver^ small quantity from V^uvius. It must 
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be remembered that nepheline-syenite is of 
some importance as the home of many rare- 
earth minerals. ' L. J. S. 

NEPHELOMf:TRY. In the course of in¬ 
vestigations liquids are sometimes obtained 
holding in suspension extremely small q^aantities 
of solids, and having in conseq nonce an opal¬ 
escent aj^pearance. Such suspended matter 
cannot conveniently be separated and weighed. 
Richards, in a paper on a revision of the atomic 
weight of stronijuni involving, the formation of 
silver bromide (Proc. Amcr. Acad. Arts and 
Sciences, 18n4-18!)5, 30, r 384; and Zeitseh. 
anorg. Cheiii. 1805, 8, 2(18), described an iiistru* 
mont which ho had devisi^d for coinpaiing 
opalescences ami estimating their relative 
amounts. He named it a vcjMoTncfcr, Irom 
vftpfKt], a clovd; ij was designed to compare 
the light reflected by two oitaleseent liquids, 
one being the liquid under e\ainjna(ioii and the 
other a liquid containing an opaloseenee caused 
by a known quantity of material. By varying 
the lengths of two columns of liquid ex])i*sed 
to light an equality of brightness, as viewed 
from above, was attained, and then the lengths 
of the columns w’erc measured. In the instru¬ 
ment pure, water, even when exposcil to a strong 
light, seemed absolutely black; but an absurdly 
small quantity of ])rert{iitate, which ru> ordinary 
means could discover, mad<' a very evident 
cloudiness. 

Early attempts at comparing opalescences 
were made by Mulder (Die Silberprobiormethode, 
Trans, by (Ininin, 185b), and by .Stas (Ann. 
Chiin. Phys. 1874. [5], .3, 145); his method was 
one of tiirbidinictry. 

Ncpheloinetry ought to bo distinguislu-d 
from turbidimelry. m the latter light is viewed 
\tkrough the opalescent- liquid and the powi^r of : 
cutting off smiie of the light is the basis ot com* i 
parison, whilst m nophelometry the intensity 
of the light reflected by the particles in sus¬ 
pension is the basis; t.t. the light fiom what is 
sometimes called the Tyndall boanii. Un¬ 
fortunately, authors have mixed up the use of 
those terms and of ncphdomcitr and iurbidvmdrr, 
and their writings must be read carefully to find 
out which they really nlban. 

Opalescences too slight to be measured by 
turbidimetry oin measui-ed by iiephelometry. 

Nephelonietry Las becoiT\p a valuable aid to 
research. It has be'en used m some other re- 
deterrainations of atomie weiglits, for example, 
those of sodium and chlorine (Richards and 
Wells, J. Amer. (’hern. 8oc. 11)05, 27, 484); 
strontium (Richards, Zeitseh. anorg. Chem. 1905, 
47,146): potassium (Richards and .Staehler, Ber. 

39, 3521); and vanadium (Briscoe and 
, Little, Cheni. Soc. Trans. 1914,105,1310). More 
ro^ntly it has been adapted for various investi¬ 
gations in biological chemestry where the quan¬ 
tities of material available are small and the 
amounts to be determined are far smaller. It 
has also been proposed to make various analy¬ 
tical estimations by producing opalescences and 
measuring them with the nepholometer. 

Nepheiometers. — Richards' Nephelometer .— 
Richards and Wells, in Amor. Chem. J. 1904, 31, 
236, describe an improved form of the earlier 
instrument. This improved form is shown in 
Fig. 1. By its means the amount of precipitat-e 
can he estimat-ed when less Jiian one or two milli- 


f rams per litre are in suspension. The liquids to 
e compared are contained in the two test tubes, 
tft, each of a capacity of 32 c.c. and of the same 
diameter, made of clear glass free from striations. 



fro/Jt V/ctr Side View 


I Fjg. I. 

^ In order to avoid reflections from the liquid 
mcniscuR at the top and from the curved surface 
of the glass at the bottom, they are painted 
outside- round ihv, to]) and bottom with black 
asphalt paint, the distance between the bands 
of pamt being exactly the Rame in each tube. 
These tubes are lield in a frame x, where they 
rest on jiillars, p. slightly inclined towards each 
: oilier. (Bass jackets, also painted to make 
' them opaque, slide up and down over the tubes 
and jiillars, and can bo kept in any desired 
position by brass springs, thus excluding the 
light from inore or less of the liquids in the 
tubes, and in consequence only that portion of 
the opalescence exposed sends light up to the 
prisms d, d. 1’he source of light is an incandescent 
electric lamp contained in the large box, oc. 
Scales on the pillars show how much of the clear 
portion of each tube is exposed. On the top of 
the frame is a movable box, b, blackened inside,- 
an(f carr^dng two prisms, d, d, with angles of 16°, 
with' their thin edges slightly ground and fitting 
closely together. By means of these prisms an 
observer looking dowm through the aperture at 
the toy-of the box sees semicircular images, s^s, 
of about half the cross section of each tube with 
a common diameter, as in the ordinary half- 
shade polarimeter, the two halves appearing 
scarcely larger than a single tube; thus their 
relative brightness can be readily compared, 
j By adjusting the jackets at various heights the 
! two half circles can be made of equal bnghtness 
j and the leng^s of the tubes exposed can be 
read off on the scales. The liquids are stirred 
and mixed by moans of propeller-shaped pieces 
of platinum foil sealed on two glass rods; these 
are kept standing in separate tubes of pure 
w ater when not in use. In the earlier instrument 
there were no prisms, so the brightness of 
the opalescences could not be so accurately 
' compared. 

I Roughly speaking, the amounts of substance 
in suspension are inversely pr6portional to 
I the lengths exposed when equal brightness is 
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attained. Thus, if the prepared liquid contains 
0*026 milligram of precipitate and the scales 
show that an exposure of 9*0 centimetres gives 
the same brightness as 10*0 centimetres of the 
liquid under examination, then the latter is the 
weaker and contains nine-tenths of 0*025 that is 
0*0226 milligram of precipitate. This rule, how¬ 
ever, is not strictly correct, for the upper particles 
must hide to some extent those lower down, and 
the method is quite inapplicable if the pre¬ 
cipitate is at all abundant; but for slight 
opalescences the error is not great, especially 
when the lengths cx]) 08 ed dilTer but little. To 
ensure accuracy a seiies of observations should 
be made and the mean taken. A rough ex¬ 
periment should first bo made with liquids 
approximately equal in length for the same 
brightness and then observatioi^ with liquids 
made very nearly equal by calculation from tlio 
first experiment. 

Many precautions must be taken to ensure 
accuracy ; thus stray refioctionsin then])])ai'«tus 
must be avoided, as also must minute air Imbblos 
produced in mixing the Ifijuids, and dust must 
be guarded against—it is ofte n jiiesmd. m dis¬ 
tilled water, and would cause an opalescence. 
When sdver solutions air dealt with dust wxiuld 
also increase the precipitate, as it usually con¬ 
tains chlorides. 'I’bc 1 races of hyrlrochloru: acid 
commonly pn'sent in laboniioiy air and which 
get into the distilled watet would also pri'Cputair 
the silver, as also would the chlorides of the 
perspiration if the glass surfaces are touched or 
handled, 'I'o jirevent darkening silver jire- 
cipitatea must be prejiared in a dim light in a 
dark room, and imisl be kept in ]iorfeet darkness 
excejit for the short cxposuie to light necessary 
when making an observation. 

Tile most important jirecaulion of oil is to 
ensure that the standard opaU'scence and the 
one to he estimated are strictly comparable, and 
this is not at all easy to attain. Opalescences 
vary according to the ini'-thod of precipitation, 
the concentration of the solutions, the amount 
and nature of the other substances in solution, 
the amount and manner of stirring, and change 
in character as time goes on after their first 
formation. The rate of change, loo, is difliirent 
in different cases. The stirring should be«done 
at the commencement of the precipitation, as 
delay alters the result. I'lie property of changing 
with time will cause error if, when the comparison 
is made, the opalescence in one liquid ft not so 
fully developed as that in the other, ns may 
happen if the standard opalescence is produced 
a little differently from the one to be estimated. 

The opalescence in the case of silver chloride, 
and, no doubt, in other cases, increases to a 
maximum and then diminishes. The course of 
the process seems to be that on adding the pre¬ 
cipitant to the solution the silver chloride is 
first formed in particles too small to reflect light; 
as time goes on these aggregate in masses large 
enough to reflect light and to appear as an 
opalescence, and a maximum brightness is 
reached after which, by further aggregation, 
the masses become lumpy or flocculcnt, thus 
including particles shut off from the light, and 
the brigotness lessens. As time goes on, too, 
some precipitate falls to the bottom, an4 thus 
diminishes brightness. 

In the cose of silver chloride the opalescence 


varies a great deal according to circumstances, 
and much study has been given to it by 
Richards and by Wells (Amer. Chem. J. 1906, 
36, 99 and 608). No doubt, other opalescences 
exhibit ^he same or other peculiarities, which 
must be ascertained if their measurement is to be 
accurate. W'eak opalescences change much 
more slowly than strong ones, and cOlisequcntly 
are more suitable for neplK'lomelrie mea.sure- 
ment. Very slow'ly forming opalescences, in 
general, never aW-am the maxima that quickly 
forming ones attain. The presence of various 
substances in solution influences the maximum 
reached, and tlie tiiiio taken to reach it; it 
was found that electrolyti'S, .sueh as nitric acid, 
usually increased the amount of the maximum 
and accelerated its arrival; re'sults are given 
and anomnlies an* discussed in the paper. Con¬ 
sequently, a smiabk time must be allowed for 
the oj)al(‘seeneca tv» form, and this must be found 
by trial exjieiimeuts. For every eoncentration 
suitable additional substances in solution and a 
suitable excess of the jueeipitant are required. 
Ft)!- instance. Wells (Amer. Clu'iii. .1.1000,35, 113 
and 50!») recommends for silver nitrate added 
to j)otassium chloride N xfl*('()0()05, that an 
electrolyte should be present, that the silver 
nitiat<‘ should be in one hundred-fold excess, nlid 
that tlic measiiicment snoiild be made in 30 
mmiitt's, or more when the opalescence has 
become relatively stable. As the standard 
ojadescenee undergoes vaiiatif'ii as well as the 
opalescence under examination, he substituted 
})lates of ground glass in the nephelometer for 
the fonner, so as to liave an invariable standard 
when watching the variations in brightness of 
the latter. Jiiehards ['ibuL 510) comments on 
Wells’ work, and di'cs not reeonmiend this plan 
when nephelometry is used for analytical work^ 
He insists that for even moderately accurate 
analytical results tlie unknown solutions to be 
estimated and the known standard solutions 
must have been precipitated and treated in 
exactly the same way, including temperature 
conditions, and suflicient time must have been 
allowed for the opalescences to develop. H© 
considers that most of Ijie opalescence.s examined 
by Wells were too strong for accurate nephelo¬ 
metric work, because of their rapid rate of 
change ; and says that the nephelometer should 
be employed for exact work only when the pre¬ 
cipitate is so finely divided that it will not in 
any reasonable time, for example, two or three 
days, deposit itself and thus place itself within 
the range of ordinary quantitative determina¬ 
tion. lie mentions not much over 1 -5 milligrams 
of silver chloride per litre, or about N XO^I^OI, 
as being a suitable strength. 

As regards similarity of treatment: j^en* 
ascertaining the amount of dissolved silver 
chloride in washings, by precipitation with 
silver nitrate, he did not consider it satisfactory 
to compare the opalescence with a standard 
made by adding silver nitrate to a known weight 
of potassium chloride, but first dissolved both 
opalescences in ammonia and rsprecipitated 
them with nitric acid before using the nephelo¬ 
meter (Ber. 1906, 39, 3622). The reason why he 
took this precaution was that he had noticed 
that when adding a large excess of silver nitrate 
to eolution of silver chloride the opalescence 
formed more quicMy than when adding it to an 
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pquivalont solution of sodium chloride. This 
led him to doubt whether the weights of pre¬ 
cipitate corresponding to a given maximum 
intensity of opalescence arc equal in the two 
oases. Another peculiarity thaf he noticed was, 
that if a solution of silver chloride f/as long 
kept, it lost in strength with(tut any deposit 
being visijdo on the glass. ()n<‘ such solution 
fell from about 1*6 milligrams jier litre to I'l 
milligrams. This jioints to the need of not 
delaying the precijntation apd neplieloinetne 
measurement of sucli weak solutions (•!. Aniei-. 
Chom. Soc. l\m, 27, 4H(i).f 

Lamb, (larlelon and Meldruin (J. Amer.* 
Chem .Soc. 1920, 42, 251) give a study of silver 
chlfirule o])alesceiK'e in a 50 ]).v. alcohol and 
water mixture, aftt-r heating to 40", lor war-gas 
work; use of kiesgigulir as a standard; ad¬ 
ditional precautions to those of Richards ami 
Wells, ('.</. the position rtf the tycpiccc and t ubes ' 
should be the same tbroughoul a s<*l of com¬ 
parisons. ! 

Kohvr's Nepheloindn .—Kober has (unjiloyod j 
the method to study the action of (‘u/vmes on 
proteins (.) Riol. Clicni. 1912-1:1, 1.*^, 485; and 
J. Amer. Chem Soc. ]‘)i:{, :L5, 290), and has , 
devised a nephelonieter (J. Jnd. Kng. Chem. 
1915, 7, H4:i) Jii which the lengths of the columns i 
of liquitl exposi'd to light are amved at in a ' 
different way. Jt is sonuiwhat on Llie plan of 
Duboscq’s colorimeter, and is shown in side 
view in Pig. 2. It is one of sevcial forms that 
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he tried. Thc«opalescent liquids are contained 
in two tubes like /. ]'\)r clearness only one is 
shown, the other being mostly hidden. They are 
of clear glass except tlic bottoms, which are 
black aml^ opaque. They rest on two shelves 
like s, which can be moved uj) and down by two 
rack-and-pinion arrangements like r at the back 
of the instrument, so as to reach the two fixi-d 
plunfl*r8,_p,p. These are empty eylindens made 
4 of black glass with optically p(-nect plates ot 
cleSV glass fused on to them at the bottom, 
thus avoiding the troubles arising from plungers 
painted black and closed by jilates cemented on. 
Ry raising a shelf the plunger can bo more or 
less deeply immersed in the liquid, and the 
column of liquid between the bottom of the 
plunger and the bottom of the tube is then 
exposed to the light coming from the case c, 
and the opalescence in this column then sends 
its light up through the plunger to the optical 
arrangement above. Scales at the back of the 
instrument show what lengths of liquid, are 
exposed—these lengths msy roach 100 milli- i 


metres. The optical arrangement is a set of 
prisms contained in the prism house ft; it is 
based on theLummer-Brodhun plan (Zeitsch. f 
instruraentenkunde, 1880,9,23 and 41), and has 
the effect that as seen through the terrestrial 
eye-piece e, the light from one tube illuminates 
a square (j, and the light from the other tube 
iUummides the rest of the circle I, By moving 
I the shelves and thus altenng the lengths of 
: liquid exjjoHcd to light, I and q can be made of 
; equal brightness. The openings, 'jhcd,oxi each 
side are closed by doors, and there arc black 
curtains behind the tubes to give a hlack back¬ 
ground. 'I’he inside of tlie ajqtaraius is painted 
black to jirevent reflections, and a board can be 
put between tlie two tubes for the same purpose. 
Tile part c is a wide cylinder containing an 
electric lani]). The filament should be compact 
so as to mak^i ilie souieo of light as nearly a 
jioint as possible, and the ienac.s should project 
the light in a pencil of paralic'l or nearly parallel 
rays. Tina ])art, c, is not essential, some forms 
of the instrument are without, it, and can be 
used with daylight. The hinge, it, allows the 
mstruincnt to be inclined at any convenient 
angle. Jf uinrors ar(‘ fixed at m and vi the 
instrument can he used as a colorimeter, but 
then the tubes inust he reidaced by others with 
clear glass hottoms. If the instrument is used 
ill a photographic dark room, or if the eyepiece 
is sun’ounried by a box into winch tlie observer 
can put his head, trouble from stray Lgbt at the 
[ eyepiece is avoidiMl. Trials should be made to 
I see it puio water iii the tubes throws u]) any 
' light to the eyopieec, and tubes w ith opalescences 
j should be mtiwelianged to see that the results are 
' the same, using eitJier aide of the apparatus, and 
any necessary eorreetions must be ascertained. 

In .1. Biol. Chem. 1917, 29, 155, Kobor 
describes improvements in the mechanical, 
optical and lighting dctail.s of the instrument, 
and in J. Ind. JEng (bem. 1918,10,560.he gives 
j numerous figuies. Kober and Klett, in J Biol. 

I (Jheni. 1921, 47, 19, give furtlu'r imjirovements 
! designed <o make it more convenient to use 
I and to avoid the fatigue that the earlier form 
caused w hen in constant use. As thus improved 
the ^instrument is made by the Klett Manufac¬ 
turing t'<>in]uiny, 202, East 40th Street, New 
York'. 

Kobtri^ fornmhi. —Whilst Richards thinks 
that the column of liquid examined and the 
^columnrM the standard liquid should differ very 
, little 111 length when equality of brightness is 
attained, if the results are to bo accurate, 
Kolii'r (■). Biol. them. 1912-13,13, 491) proposes 
a formula, or a curve drawn on paper, by the 
use of w'hieli liquids of strengths ranging down 
to about liaif that of the standard can have 
their strengtludetermmed. He finds, as might 
be expected, tiiat the simple inverse proportion 
rule does not hold good for this range, and gives 
tliivS formula— v 

‘ X x" 

for finding r, which denotes the ratio of the un¬ 
known strength to the strength of the standard. 
In the formula s is the length of standard liquid 
exposed, V is the length of the liquid under ex¬ 
amination when equality of brightness is 
attained, and k is a constant which has to be 
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determined for the particular substance dealt 
with, and for the particular instrument. To 
test his formula he made experiments with the 
protein edestin, preparing the opalescences by 
precipitating a solution of it in hydrochloric acid 
by tho addition of sodium chloride solution. He 
employed strengths'ranging from 33*3 to 14’3 
milligrams per litre, and from J (1*6 to 6 milligrams 
per litre. He also experimented with silver 
chloride, using strengths ranging from 57 2 to 
14*32, and from 14*32 to 7*ld milligrams per I 
litre. He tested it again later {lUd. 1!)17. 29, ' 
104), using casein precipitated by aulphosalicylicil 
acid, and found that with his later in'^irument' 
the value of h was different from that found in 
earlier experiments, showoug that this constant 
varies with the instniraont used as well as with 
tho substance, ^ 

Bloor (J. Biol. Chem, 19l.'>, 22, 145) describes 
a method of converting at will a Duboscq’s colori¬ 
meter into a ncphelomctcr by the use of certain 
accessories. In it the jiluricers are removed, ; 
and Richards’ ]>Ian of using jackets to cut off ; 
the light is employed. ! 

Mar'^hdl and Hiink'-< (Bnic. Amer, I'hiln.M. 
yoc. ]915, 54, 17(>) have dcsigiK'd a form in 
which the upward light from (‘tiu.id columns o! 
two o])aIcsccnt liquids is compared and measured. 
'J’he method im shown in side view in Fig 3, but 
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without details. Tlie columns are contained in 
the tubes 1, i'. The liglit from t is reflected 
horizontally by the mirror w, wdiich is silvered 
with the exception of a wnlc ring left trans¬ 
parent. The hght from the other column in /' 
is also reflected horizontally by the mirror m,\ 
so that it passes through the iinsilvercfll ring 
on w. On viewing m through the magnifying 
eyepiece, e, the two liglits are s^ien contrasted 
as shown at c. A wedge of neutral-tinted glass 
is then slid over t until the two Hglihs are of 
equal brightness, uml from the requi^tc thick¬ 
ness of this the relative brightness of the ojiales- 
cences is calculated. 

Briscoe and Lillh, when redetermining the 
atomic weight of vanadium (Chem. Soc. Trans. 
1914,105,1321), used a nepholomcter resembling 
Richards’, but having the test-tubes vertical 
instead of inclined, and havilig two mirrors 
instead of the pnsma. The near mirror reflects 
half the top area of tho near test-tube, and the 
back mirror reflects the td)j area of the back 
test-tube, so that the two brightnesses are viewed 
from tho side of the apparatus instead of from 
the top, and appear as semicircles side by side, 
like s, 8 in Fig. 1. 

The TyndaUmeter of Mecldcnburg and 
VaUntiner (Zeitsch. fur Instrumentenkunde, 
1914, 34, ^9} is an elaborate instrument, so 
named by them because it examines the light 
,eent up by a beam such as Tyndall produced in 


floating dust (Nature, 1809-70, 1. 409). The 
fallowing is a brief outline of tho instrument. 
A beam of light from a Nernst lamp is divided ; 
one part is made to proceed herizontally through 
the liqyiid under examination, where it produces 
a Tyndall beam with any suspended matter. 
Light that ascends vertically from this beam is 
viewed through an eyepiece, wheiti it is seen 
contrasted with tho light from the other part 
of the beam. This latter light has jiassed 
through three f^iool's prisms: two fixed and 
OIK! rotatable. By rotating this through an 
angle whicli is meilsured, the brightness of this 
light can l>e reihici'd until it is equal to tliat 
from the suspended mattei. Mecklenburg also 
writes a!M)ut the TyndaUmeter (with figures) 
and the use o1 the Tyndall beam for colloid 
solutions 111 Koiloul Zcutsclf. IJU4,14,172 ; 1914, 
J,5, 149; and 1915, HI, 97. 

Tohnau and %'U(i (J. Amer. them. Soc. 1919, 
41, 297) desenho a somewhat similar Tyndall- 
meter for liquids, smokes, and mists ; it was 
made in war tunc from jiipe fittings and stock 
apjiaratus. J''urtln r pajicrs in th'‘ same volume 
•leal M'llh resiilis obtaineil in the ease of silica 
susjiensions in water and smokes. 

[Vdk< and Ilandorsly (Ann. d. i’hysik, 1913, 
[4] 42, 1145) a Tyndallqjeter not yet so named. 

Jhri/cr and ilardnir (liio-(!hem. J., 19H>, 10, 
399) ])iep.ir(‘ a set of graduated dilutions in 
small test-tubes ami ciimiiare bacterial emulsions 
or liquids with mattei in suspension with these. 

Klcimna)uis NepltdomHcr (Biochem. Zeitsch. 
1919, 99, 129. and Kolloid Zeitsch. 1920, 27, 
239) is an mijiortant rival of Kober’s. It is 
somi'W’hat like Kober’s, but the amount of 
illuniinaled liquid under observation is regulated 
by admitting light through rectangular aperture^ 
whi<!h can bo mcicascd or diminished by lowcrulg 
or raising movable shutters, instead of being 
rctrulatcii by lowering or raising the vessels. 
Till: plungers are cylinders of solid glass instead 
of being hollow tubes, and tho source of light is 
furtlier off. It isinailc by Schmidt and Haensch, 
Hi, Prinzcssinnenstrasse, Berlin. S 42, 

In till' same volume of the Biochem. Zeitsch. 
Klcinmann writes at« length on nephelometry, 
and cril leises Kober’s ncphelometer and formula. 

Wfinherij (Biochem. Zeitsch. 1921, 125, 292) 
makes a critital com])arison of Kober’s and 
KIcinmaiin’s instruments, and describes an 
improved form and also a form with a constant 
standard of comjiarison; in this two Nichol’s 
jinsms are ased. He also gives details of pro¬ 
cedure. criticises other authors’ work, and 
thinks Kober’s tubes are not wide enough. 

Ap}‘lii‘ahons. —'J’lie following arsMi some 
further references to nephelometric methods that 
have been proposed or used for the detormi*atioft 
of variouH substances: (Kober, J. Soc. Chem. 
Ind. 1918, 37, 75'f), A survey of these deter¬ 
minations, giving also a method for estimating 
the phosphorus in cast- iron, and mentioning the 
use of solutions of colloids such os egg albumin, 
soluble starch, and gelat in, to keep opalescence® 
in suspension. (Kober, J. Amor. Chem. Soc. 
1913, 35, 290), Digestion of casein, using sulpho- 
salicyhc acid as a precipitant. (Kober, ibid, 
1585), Determination of casein, globulin, and 
albumin in milk. (Marriott, J. BioL Chem. 
I0<3-J4, 16, 289), Determination of minute 
quantities of'acdtone by means of a silver- 
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msronry-oyanide reagent. (Bloor.tW. 1914,17, Schimnger (D. E. P. 237,470, 1910, and 
377, and 1916, 23, 317), Determination of fat*in J. Soc. Chem. Ind. 1911, 30, 1413) describes a 
small amounts of blood. By suitable treatment form in which light passes through a hole in a 
a solution of sodfum salts of the fatty acids ig screen, then through a transparent grating, then 
obtained and then hydrochloric acid i| added through a wedge-shaped vessel containing the 
as a precipitant. (Sharpe, Bioehem. J. 1917, 11, turbid liquid. The grating is viewed through 
^), Estimation of fatty acids and soaps in faeces, the liquid and through a hole in another 
(Csonka, J. Biol. Chein. 1918, 34, 577, and 1920, screen. 

41, 243), Definition of ‘np])hc]ometnc value;’ Lcimhorl^ ]'l&s and de. (Compt, rend. 

Study of these values for cholcslorol and fatty 1919, 1(58, 797) deKcril>e a form for bacterial 
acids; Criticism of Bloor’s* work on fat ni suspensions using for comparison a photographic 
blood and of Shar])e’s wprk on fiitty acids ! jdate of progressive darkening, 
in faeces. (Kober and Graves, J. Ainei. (_3H‘in. n Sheppard (.1. Ind. Eng. (.3iem. 1920, 12, 167) 
boo. I9J4, 36, J.'KM), Estimation of undigested describes a form suitable f<)r varnishes, solutions 
nucleic acids by addition of egg albumin and of gelatin and the lil\ 0 . In tliis use is made of 
acetic acid. (Graves, ibid. 1915, 37,1171), J)c- tlie hn7uh seen when the linp.s of two line gratings 
termination of ammonia by ])rccipitation with cross one another as desenbod by Ives in the 
a mercuric chloritfo-sodium cblnridc-lilhium Electrical Wtiiid, 19J0, 66, 930, and in J. Opt. 
carbonate reagent, the precipitate being kept j iSoc. Amer. 1917, ]>. KK). The line gratings arc 
in suspension by stareli solution. Kjcldald- situated at one end of the instrument, and light 
nitrogen determinations can be made vitbout | from a lanij) passes through them. They can 
the need of disUlling, but inerciinc oxide should i be rutated with respect to each other and the 
beusodasthecatalystiusteadofcoppcrsulphatc. I angle between the read olT. A standard 
(Kober and Egcrer, ibid. 2373), Estimation of ! liquid is placed in a cell between the gratings 
phosphorus by means of a slrychriino-inolybdic j and the* eyepiece. The lives are now indis- 
acid reagent, (Kober and Graves, J. Chem. Soc. i tinguishablc, and only hands are seen. The 
Absts. 11)15,108, fii.l C(l2), Estimation of jmrmc | gratings are now rotated until the bands just 
bases and uric acid in hlooil and urine. (Bloor, I ilisa])pear and only a iimfunn grey is seen, and 
*). Biol. (Jhem. 1915, 22, 133, and 1916, 24, 447), j the angle is lead off. 'J’he same is done with 
Determination of ieeitliin m sneill amounts of ! the liquid under exaniinalion instead of the 
blood by oxidising it to ])bos])horic acid and standard liquid, and the new angle is noted, 
precipitating this with silver nitrate or with a From these tvio angles the relative trans- 
Btrychnine-molyhdic acid reagent. (Woodman, paremy of ilio liquids is calculated. The 
Gookin and Heath, 3. Ind. Eng. (Jhem. 191t», 8, lupnds are contained in square glass jars, and 
128), Determination of small amount sot essential to oliviate distortions caused by their irregular 
oils by precipitating their alcoholic solutions sules, tlie jars aie immersed m the coll in mono- 
with water. (Lyman, Biol, (,'hem. 1917, 29, ehloronajddliaiene the refiactiveindexof which 
^(>9), Determination of calcium in blood and ^ is (lie same as tliat of glass, 
milk by coagulating witli trielihiracetic acid, i Ijoiirrs and il/m/rr (.1. Biol. Chem. 1920, 42, 
filtering, and after suitable treatment of tI k; | 191) have designed a turbidimeter in which the 
filtrate, precipitating the calcium with a mixture i plan of the oil spot photometer is used. The 
of ammonium stearate and oleate. (Bloor, ibid, i Iiglit from an electric lainj) on one side passes 
1918, 36, 33), Determination in small amounts ! through the liquid under examination; and the 
of blood of phosphoric acid, both total and in ! light from an elei'lric lamp on the other side 
different blood components. (Ah'igs, jiid. p.335), | passes through two glass discs. 'J'here are two 
Determination of phosidiorus. (Kloinmann, ; flat wheels in which ground glass discs are 
Biochom. Zeitseh. 1919, tW, llGto 189), Estinia- mounted, and tlicse wheels are revolved until 
tion by the strychnine-molybdenum reagent of two ^las.s discs are found which reduce the light 
PjOjin amounts from O’l milligram to 0’0005 until It la equal to that coming through the 
milligram. (Yablick, Perrott and Furman, J liquid. details seem to need fuller 

Arner. Chem. So<!. 1920, 42,2t)f5). Determination cxj)lanatic>n in the jiaper. 
of mustard gas in war-gas work by the use of ■ Ch^fK^uau and Ai^vhcrt (Compt. rend. 1920, 
selenious acid. (Desha, ibid. ]>. 1350) uses ultra- ' HO, 728) describe a turbitbmeter (they call it a 
violet rays to produce fluorescence in liquids i ncjihelometcr) in which the light from an 
placed in a Kober nopheJometer, ' in< an*lescent lamp is leflectcd by two totally 

Turbidiinetei^.—The simple plan of viewing . reflecting jin.sins; the beam from one of them 
a canCe flame through a column of liquid, for jiasses through a tube containing the liquid under 
rapid analyses and for water examination, is examination, and the beam from the other 
'described by Hinds (J. Amor. Chem. Soc. 1896, ’ passes through a plate designed to diminish the 
18, 661), by Jackson {ibid., 1901, 23, 799), by light in a melsurable degree. This plate is 
Muer (J. Ind. Eng. Chem. 1911, 3, 663), and in made up of two similar prisma of very small 
the TJ.S. Geological Survey Water Supply Paper ■ angle ; one is of gljas of a neutral tint and the 
No. 161, 1906. In this last there is also do- other is of clear glass, and they are cemented 
scribed a modification using an electric light and together in reversed positions so that the 
also a plan of using a platinum wire projecting deviation of the beam caused by one prism is 
from a rod to be viewed through the water; this : corrected by the other. By sliding this plate 
is further dealt with by Wells in U.S Bureau of | different thicknesses of tinted glass are inter- 
Standards Sci. Paper No. 367, 1920, where | posed in one beam, and the intensity of the light 
be describes another turbidimeter. Smith’s j from each beam is made the same. No figure 
apparatus (U.S. Pat. No. 1,232,989, 1917, and ! is givdi. 

J. Soo. Chem. Ind. 1917, 3^ 10,31) is Miot*iior [ Denis (J. Biol. Chem. 1921, 47, 27) suggests 
^footric %ht form of the canme plan. that turfiidimetry by moans of a colorimete* 
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may be advantageously substituted for nepbelo* 
metry in several anal^icai processes. 

For unexpected irregular results with a 
turbidimeter, see Kbnig and Kriiss (Zeitscb. 
Nalir..Genu88m. 1904, 7, 687). 

In view of the variability that Richards and 
Wells found when dealing with silver chloride, 
and in view of the experiences of other authors, 
it is essential that the peculiarities of each 
opalescence should be studied and tho right 
conditions for its measurement ascertained, and 
that a good deal of confirmatory work should be , 
done before relying on nephelometric results, and i 
it is safest to use a standard of a strength not • 
differing much from that of the lujuid under* 
examination and similarly prepared; but with ; 
these precautions nephelomctry is likely to prove ; 
extremely useful. II. H. R. 

NEPHRITE Jape. 

NEPONITE V. (jrAiiNiJCRms. • 

NEROL UjoHieO is a terj)cne alcf)hol, first j 
isolated by Ifesse and Zeitschel {J. pr. Chem. | 
1002, [ii.J OG, 481) from the neroli oil of orange | 
blossom oil. It is also cimtained in petit-grain 
oil (Soden and Zeitsehel, Ber. I00‘h 3G, 2()5); in 
Bergamot, Java Cananga, and in Frcncli 
lavender and other etljeri*al oils (IClze, (Uieni. 
Zcil.. lOJO, 04, 508, 857, B)20 ; .Sodeii and Treff, 
Ber. 1004, 07, 1004). 

Preparnlivn .— South American petit-grain oil 
18 saponified and then carefully distilled with 
steam or under reduced pressure. , 'I’Ih' higher 
boiling-point fractions contain the nerol together 
with geraniol and terpineol; the two former are 
separated from tlie latter by converting them 
into their acid jihthalie esters. After piinfying 
and saponifying, tho mixture is treated with 
pow'dered anhydrous calcium chloride with 
which geraniol gives a solid product, whereas 
nerol is unaffected and can ho w^ashed out 
with light petroleum {T>. R. P. 150405; Hodcu 
and Zeitsehel, he.). In a similar manner nerol 
can be prepared from lidichrysiim 'vwfuMtJoLinm 
and other species of Pelichrysum from w’hich 
larger yields are said to be obtained (D. K. P- 
209382 ; Chom. Zentr. 1000, i. 1785). Nerol of 
tho same composition and jiropcrtiea has also 
been obtained by heating linalool with acetic 
anhydride and sodium acetate, or with fpnnic 
acid, or a mixture of sulphuric and acetic;acids, 
the nerol being separated froni the resulting 
product as above (T). R. PI'. lGfm04 ; 1G5805 ; 
1G6806 ; Zeitsehel, Bcr. lOOG, 30, 1780, 1702). 

The nerol obtained by any of tllo abov*; 
methods still contains geraniol from which it can 
be finally purified by treatment with diphenyl 
narbamide chloride in the pre=?ence of pyAdine. 
The geranyl and neryl diphenyl urethanes thus 
formed are separated by fractional crystallisa¬ 
tion from light petroleum. 

Neryl diphenyl urethane, m.p 62^-53°, when 
treated with an alcoholic solution of potassium 
hydroxide, yields pure nerol (Soden and Treff, 
dhem. Zeit. 1903, 27, 897 ; Ner. 190G, 30, 90G). 

Pro'pertics .—Nerol is a colourless oil, b.p. 
226®-227®/755 mm., 125®/25 mm., ap.gr. 0-8813 
at 16®, and having a delicate fresh rose smell 
(Austerweil and Cochin, Compt. rend. 1910, J51, 
440), on account of which it has been employed 
for the manufacture of artificial perfumes 
(D. R. P. 165287 ; J. Soc. Chem. Ind. 190^ 819). 
Nerol has Uben found to have a toxic acuon on 
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mice (Hildebrandt, Beltr. Chem. Physiol. Path. 

1903, 4, 261). Nerol is probably a space iso* 
m^ride of geraniol; when oxidised with chromic 
acid it yields a substance with the odour of 
rnethylheptanone, and, probably, oitral 6, mixed 
with a little oitral n. Citral 6 when reduced 
forms iferol. On prolonged shaking nerol forms 
terpin hydrate (Zeitsehel, Ber. lOOG, 39, 1780). 

Nerol tetrabromide (\oH,,OBr 4 , Obtained by 
aefiling the calculated quantity of bromine to a 
solution of nerol in chloroform, evaporating and 
rocrystallising ffom ethyl acetate, forms long, 
silky needles, m.p. IIS'^-IPJ® {Soden and Treff, 
Bcr. 190G, 39, 90G).* 

Tho aii[ihutic esters of nerol have a similar 
smell to nerol; the aceinle, b.p. 93""94®/3 mm., 
134''/25 mm., sp.gr. 0-91G at 15", saponification 
number 28G-2, and thc/orw/'^//r, b.p. 119"-12l°/26 
mm., sp.gr. U-928 have Ijfon iiriqiarod (Soden 
ami Zeitsehel, hr.; Soden and Treff, l.c.), 

Norolidol CjoHojO la probably .an aliphatic 
sosquiterpene alcoliol It is contained in neroli 
and rose oils, and is, possibly, identical with or 
very similar to farnesol. It forms a colourless oil 
possessing a faint but permanent pleasant odour, 
has b.p. J2S°-129'^7b mm., l(>4"-lG.5''/25 mm., 
27G®-277'77GO inm., sp.gr. 0*880; lalp+13*32® 
(llesse and Zeitsehel, l.c.), b.p. 149"/4 mm., 
sp.gr. 0-K94 at 15®, aioi; (Soden and Treff,*Ber. 

1904, 37, 1094). It forms an addition product 
With G atoms of bromine. 

NEROLI V. Oils, essektial. 

NEROLIN. Trade name for /:^-naphthol 
methyl ether. 

NEURIDINE, NEURINE i;. Putrefaction 

BASES AND ClIOLINE. 

NEURODIN V. JSVNTHKTIC DRUCS. 

NEURONAL. Trade name for brorao-di- 
ethylacctainide (i.’. JSyntuetio drugs). r 

NEUTRAL RED. Toluylcni red v. Azines." 

NEUTRAL VIOLET t. Azines. 

NEVILE AND WINTHER'S ACID, l-naph- 

thol-4-8u!phonic acid. 

ipVRALTEIN. Trade name for sodium 
p-phenotidmomethancHulphonatc (v. Synthetic 
drugs). 

NEVYANSKITE Iridosmine. 

NEW BLUE. NaphihyUne blue. Fast blue 
2 h or li, Meldola's blue, Nev^ methylene blut 
V. OXAZINB COLOURING MATTERS. 

NEWKIRKITE. A variety of manganite {q.v.). 

NICCOLITE or NICKELINE. Nickel arse* 
nide NiAe, crystallised in the hexagonal system, 
and contaimng Ni 43*9 p.c. Small amounts of 
iron and cobalt arc sometimes present; more 
frequently antimony replaces arsenic, formmg a 
passage, through the variety ante, to briiithaup* 
tite (NiSb). Crystals arc rare, and are usually 
seen only as the tips of hexagonal pyes-mieW ^ 
closely clustered together. The massive ma¬ 
terial sometimes Shows a reticulated or a 
columnar structure. The most characteristic 
feature of the mineral is its copper-red colour 
with metallic lustre. It thus presents a striking 
resemblance to native copper, but it is readily 
distinguivshed from this by its greater hardness 
(H 5-51), brittleness, and brownish-black 
streak. On this account the mineral was early 
known to the old German miners as KupfernicMl 
(copiicr-nickcl), a term meaning worthless as 
coiner, or devil’s (Nick’s) copper. The element 
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niokel was discovered by A. F. Cronstedt in 
1761 in this mineral, from which also it was 
named. Another characteristic feature, whieh 
enables the mineral to be recognised at siglit, 
is the frequent prasence of pale green anuaberg- 
ito (NiaAs^OgtSH-jO) as an alteration product. 
The mineral is soluble in hot nitric acid, giving 
a green solution, which on cooling deposits 
brilliant ocfalicdra of arsenic Irioxide. 8p.gr. 
7*3-7-5. 

Niccolite occurs somewhat abundantly in 
the copper-bearing shales oP 'I’huringia (at 
Mansfeld, Eishdx'n, and Sangerhausen) and at 
Riecholsaort m Ib'sse; with ^silver ores at Anna- 
berg and iSchneeherg m Saxony, and at Joachims- 
thal in Bohemia: witli native silver in the 
f/Obalt district in Ontaiio; and it has been 
occasionally found in (’cunwall and Scotland, 
e.g. with pyrrhotitc i!i luica-dioritc at Talnotry 
near Newton Stewart in Kirkcudbrightshire. 
The mineral has been nunetl, especially in 
Thuringia and Spain, as a souvcii of nickel and 
for the manufacture of wlut<‘ ur.siMiic. L. •). S. 

NICHOLSON’S BLUE v . Tkiphenylmethani!: 

COLOURING MATTKUS. 

NICHROME. An alloy usually containing 
Ni 5S-62, Fe 23-20, V.r 8-14, Mn, Zn, Si 0-5-2-0, 
and Co 0-2-1 ]).c. Svf Nickel. 

NICKEL. At.wt. ^ syru. Ni. 

Nickel consists of two isotopes of raasses 58 
and 00 m the ])ropoi-tion of 2 : 1. This gives a 
value 58*07 whieli agrees closely with the 
accepted numlier. 

History .—The discovery of this metal is 
attributoil to Cronstedt (1751-1754), who found 
it in Kupfcruiclrl (false-eojipei). a term 
appbed to the mineral by thi-, miners of Saxony, ' 
because, although its ajqiearance rc.sembh'il 
^at of copper ores, tlii-y were unable to (extract 
wpper from it. Bergman lirsl prepared ))ure 
nickel in 1775, but, alloyed with copper and zinc, 
iUo metal had been used by the Chinese in very 
early times. 

Occurrence .—Nickel is widely dilfuse^ in 
nature, and has been very frequently detected ! 
in ignoaus rocks, especially magnesian vanetnis, ‘ 
in which it is generally associated with cliro- i 
mium. It is found native** alloyed with ironj in 
meteorites and in the terrestrial imncrals 
aivnruite and jos^pkinite, which contain 00 p.c. 
or even more metallic nickel. Numerous com¬ 
pounds exist in nature, but the following are i 
the most important oro-mmorals:— j 

Pontlandite . . (J''c, Ni)S 

Millerite . . . NiS 

Niccolite {Kujiferniclcol} NiAs 
Chloaiithite . , NiAsj 

Gerad^llite . NiAsS 

^reithauptite . NiSb 

Annabergite . Ni^A.s J)g-f Aq. 

Garnierite . . . }il*JNi,Mg)Si 04 -{ Aq. 

(variable). 

The cliief sources of nickel are, in relation 
to the world’s production: (1) the ores of 
Sudbury, Ontario, which are chiefly pyrrhotite 
(magnetic iron pyrites) containing pentlaruiite 
&ndck<ilcopyril€ (copper pyrites), in a matrix of 
norite; and (2) those of New Caledonia, in 
which the nickel exists as garnierite^ a variable 

^ No difference has boon observed dn the atomic 
weit^t of terrestrial and motoorlc^nickel. 


mixture of nickel silicates, magnesian com¬ 
pounds, and free silica. 

Tho Ontario ores yield nearly 80 p.c. of the 
world’s output. During 1910, over million 
tons were smelted with the production of 
between 40,000 and 50,000 tons nickel and about 
j half as much cojipcr. Nickeliferous pyrrhotite 
j ore is also worked in Norway (accounting for 
■ tlio production of from 500 to 1000 tons nickel 
’ |>cr annum), and has beim mined to a much 
, smaller extent in Pennsylvania, Tasmania, 
I Sweden, Italy, South Africa and elsewhere. 

I Silicate ores, similar lo garnierite, occur also 
1,111 (jiiM'ce, Madagascar, North Carolina and elsc- 
[ where, but the output from these sources is 
; commercially uninijiortant. The arsenical ores 
I (chiefly arsenides} usually contain both nickel 
and cobalt, ami arc worked in Cobalt, Ontario, 
as well as in Sajfony, Bohemia, France and else¬ 
where, 

'riie jiroduciion of both Ontario and New 
(’ah'donia is increasing, althougli the former is 
probably Once or four times gn-atcr than the 
latter, 'rhe pyrrhotite ok-s of Sudbury, whose 
reserves are I'.stimated to lie about 14U million 
tons proven ore, contain an average of from 
about 2 to 3 p.c. nickel, 1 to 1.1 p.c. cojiper, and 
40 ]).e. iron. The New (.’alcdoman ores contain 
about 5 p.e. nickel, about .1 p.c. cobalt, and 
Xiractically no cojiper. Cobalt is invariably 
prcsmit in nickel ores although frcijuently m 
small amount; the Sudbuiy ])yrihotite contains 
only a fraction of 1 xier cent. Silver, gold, and 
the platinum groiiji metals arc x>reseiit in the 
Sudbury ores in .small but inijiortant amounts, 
the average being xirobably about: gold O'Ol, 
silver 0-2, platinum metals 0-01-0-02 ounces 
X)cr short ton. 

F.rfracU'm. —The fir.st stage in the extraction 
of nickel from its on^s is, almo.st invariably, 
that of HUieltnig the (tikIc ore, whereby the 
nickel, and when juesent, the copper, becomes 
conci-ntrated from the gaiigue of the ore, in 
the form of a matte composed of the lower 
suljihidcs of the metals. In Canada most of 
the ore is smelted locally and the matte exported 
hitherto to the United States or Europe to bo 
refined. Steps arc now being taken to carry 
out the reliiimg within the Dominion. Smelt¬ 
ing 18 ‘also carried out in New Caledonia, but 
ore is also .shipped to Europe in large quantities 
for treatment in Franco and England. A 
considerable amount pf cxi)erimontal work 
b-as beei/carned out with a view to the enrich¬ 
ment of ores by methods of water concentra¬ 
tion luid oil flotation, but, at tho present time, 
with the exception of hand picking, practically 
the whole of the nickel ore mined is smelted 
i direct to a matte. The practice in Canada, 
j and elsewhere where the ore consists of a sul¬ 
phide, consists If three operations: (o) roasting 
tor the removal of a portion of tho sulphur; 
{b) smelting for the production of a low-grade, 
highly ferruginous ^matte; (c) the removal of 
tho iron and a large proportion of the sulphur 
in a Bensemer converter for the production of a 
I high-grade matte, and (d) the refining of the 
nickel-copper matte, t.c. conversion into metal. 

(a) In Canada, heap roasting is still largely 
practised, the Canadian Copper (bmpany, the 
largest, opera ting concern in Canadf^ has about 
2.60,000 tons of ore roasting at one time, and 
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roasts over 60 p.o. of its ore in this manner to a partly de-sulphurised sinter to the blast furnace 
content of from 10-12 p.o. sulphur. Each heap ohajge. The treatment of the New Caledonian 
contains about 2600 tons of ore laid on a foun- garnicrite ores is carried out on the same 
dation of about 12 or 18 inches of \Vood, with principle as that for Sudbury lyid other pyritic 

"rst ores except that, there being practically no 


piled on the wood, followed by layers of medium sulphur fn the ores to form matte, sulphur is 
size and hnes which cover the entire heap and added in the form of gypsum to the blast 
regulates the rote of combustion ; the roasting furnace charge. The ore is ground aid mixed 
is completed ill three or four months. Only u with limeBtoiic, gypsum, and coal or coke and 
comparatively small proportion of the fines briiiiietted. Tho raw matte contains about 
can be roasted in the heaps, the rcniaindcr is 45 p.c. Ni, 25-30^).c. Fc, and l(i-2U p.c. b, and 
roasted in mechanical furnaces of the Wedge practically no copper or precious metals, 
type, or by tho Dwight-Lloyd sintering process. ( r .) The cnricliimtit of the matte is best 
(6) The siiieltirig of nickel ores of tlic Slid- tarried out in the lic.sscmor converter. Unlike 
bury type i.s siiiiilar to that of smelting pyntic cojiper, nickel or mckcl-cojipcr matte cannot be 
copper ore, that is to say, sullicient sulphur reduced to metal in the converter, as tlicro is 
must remain in the roasted ore to comhiue as no similar reaction between nickel sulphide and 
sulphides with the mckcl, eojiper, and a portion I nickel oxide. iiessemeri.sati#ii consists ill biow- 
of the iron to form matte. Tho rcHisted oro will I iiig air through the molten matte, and is carried 
eontainfroin2.i to4 p.e. i\i, 11-2 p.o. (!u, H2-40 [ out solely with a. view to the oxidation and 

p.c. iron. and’O-ll p.c. b, and it is the ii'iial icmoval of tlic iron a.s silicate and the pro- 

practice for a portion of Ific furiuicc cliaigc to liuclioii of a liigh-grado matte. Tlie earlier 
coiisi-st of raw ore. The .smelting i.s earned out iiiacticc in Mudbiiry was to use ‘acid’ con- 
in blast or reverberatory funiaces, the Canadian verters, so called because- tlio converter lining 
Copper Compaliy using both (the former foi- was composed of silicioiis matter (quartz and 
lump ore and the latter for lines) and i.lie Moiid clay) winch was acted iiiioii liy the FeO, with 

Nickel Company only bla,st furnaces. Tlic the formation of an iron silicate slag. Latterly, 

water-juclieted blast furnaces ot the CaiiaiUaii basic converters, lined with magnesite brick, 
Coiiper Company measure 50"x204" at tho liuvc been substituted, anil the silicious matter 
tuyeres, and Id' from tin- liearlli lo tlie cliargiiig is added on tlic to]) of the matte as required, 
level, and have a ameltiiig ca|iacity of about thus avoiding the necessity foi frequent relming. 
400 tons of oic per d.ay of 24 llouis Tluxe of The Canadian Co|iper Company’s convertcip 
tlie Mond Nickel Company measiiic ,50"x2i0" are of tlic liorizoiital type, 37' 2" long by 10' 
and have a capacity ot about 420 tons ot ore diameter, outside nio.asurcmeiit. Tlic whole 
Tlie charge consists of roasted ore, or roa.sted operation requires aliout 50 hours lo convert a 
and raw ore mixed to the coireet jiroporlioii of full charge of aliout 4110 toms of raw uialie into 
sulphur, slag and scrap from tlic converters, about 100 tons of refined matte oonlaining as 
limestone and quartz, and about 11 p.c. of coke nearly as possible 80 p.c. nickel plus copper (say 
to the obarge. During the ameltiiig, the greater 5;U Ni and 261 Cu) and 20 p.c. sulphur and 
part of the iron passes into tile slag, and a portion : about I p.c. iron. In tlic jU'occss of oxidising, 
of the sulpliur in tlie clmige oxidises and vola- j practically flu; whole of the iron, and a small 
tilises as SO 2 , wliile the nickel, cn]ipcr and the i amount of tlie iiickel-coiiper is also oxidised 
remainder of the iron become sulphides, and I and enters the slag, whicli is returned to the 
form the matte. Tlie molten products liow ' lilast >irnace. The slag varies in composition 
continuously into the settlers lined with chrome iluniig the ' lilow,’ the average containing about 
bricks- tlic slag, with a sp.gr. ol about :(-7, , 1 p.c. Cu and 3 p.c. Ni, The New Caledonian 
ovortlo’ws into 25.lon puls, while tlie matte, , blast furnace matte is Iji-saemeriaed in a similar 
with a sp.gr. of 4 - 6 - 4 - 8 , ."etlles to tlie bottom manner, but usually in smaller converters, 
and is tapped off at intervals into 7-tou lajlles. The rolinod matte oontaiiis from 00-76 p.c. Ni, 
wliicli are carried iiy rail to the coiiyerter build- the balance being sulphur. 

, „ • (r/) Nickel rcfiuim /.—For tho production of 

°'t1io low grade, or raw, matte thus pro- metallic nickel Iroiii relincd nickel-copiier matte, 
duced ropresents ’a concentration of»about there are three standard methods in use, viz. 
100 ore to 23 matte, a higher concentration (1) the Orford, (2) the Mond, and (3) tho 
is not found to bo economical owing to increased electrolytic. (l)'J'he Oriord process consists 
losses of metal in tho .sl.ig. The matte cimfAiiis of smelting the matte with sodium sulphate and 
an average of 20-26 p.c. luckel plus copper, ' carbon (producing sodium sulphide) in i»ver- 
the ratio” of nickel to copper being between boratory furnaces. 'The fused mass separates 
U and 24 to 1, according to the relative amounts into two layers which are tapped separately, 
present in the original ore. The slag averages , The upper layer, known as ‘ tops,’ is composed 
0-16 p c copper and 0-32 p.c. mckel and carries I ot double sulphides of sodium and copper con- 
about 9 ' p.c. of the original nickel-eopper eon- 1 tainiiig a small proportion of mckel, while tho 
tent This loss is found to inerease if a greater i lower, or ‘ bottoms, consists of a nickel matte, 
concentration of matte is attempted in the | much richer in nickel and poorer in eopper. 
blast furnace. Reverberatory furnaces (coal- By repetitions of the operation, concentration 
dust fired) are used by the Canadian Copper : of the greater part of the nickel is effected. 
Company for smelUiig the fine ore and flue dust. , 'The final liottoins, still containing a small 
The matte produced is sinular, but the metal percentage ot copper, are ground, roasted with 
recovery is not so high as in tho blast furnace, salt in a reverberatory furnace, and leached 
The Mond Nickel Company dispenses witlj the with water. The solution contains most of the 
use of reverlftratory furnaces, by sintering the remaming copper and a portion of the silver 
fines in Dwight-Lloyd furnaces and adding the and platinum grmip metals. The residue 



528 


NICKEL. 


conBwtB of nickol oxide, which is reduced in ores than those of Sudbury, the nickel is 
reverberatory furnaces to metal containing deposited electrolytically from soluble anodes 
about 99 p.c. Ni, including a little Co. ^Ihe made from partly roasted nickel-copper matte, 
working Cf)sts of the Orford proccHS are low, but The besRemerisod matte produced in Norway 
it is believed th^o the losfles of nickel and copper contains an average of 47 p.c. Ni and 33 p.c. Cu. 
are greater than in either of the other two It is roasted to remove the bulk of the sulphur 
proce^os, and but a small projxjrtion of the and leached with 10 p.c. sulphuric acid, which 
precious metals is recovered. (2) The Mond \ dissolves a largo proportion of the copper but 
process (Kng. Pat. 23<ih5, Dee. 10, 181)5) depends I very little nickel. The residue is melted and 
upon the fact that when carbon monoxide is ■ cast into anodes containing about 05 p.c. Ni, 
passed over metallic nickel at, 50" C. a carbonyl | 3-H p.c. sulphur, about .30 p.c. copper, and a 
(Ni(CO) 4 ) is formed which, on being heated to trace of iron. The electrolyte contains 46 
150°0., is again decompose^,! into metallic nickel ; grammes Ni and from 3-5 milligrammes Cu 
and carbon monoxide. Tlio Monel NKtkr! ; per litre. After circulation, it contains from 
Company producea a imittc in Ontario averaging 1 2-3 grammes Cu per litre and is passed over 
41 p.c. nickol and 41 p.c. ccpiier, which is shipped j waste anodes, when the copper is precijiitated 
to Wales for ireatineut. The matte js finely and nickel regenerated. The nickel cathodes 
ground, roasted, aqd leached with !(► p.c. sub ' are made of iron jilates rubbed over with a thin 
phuric acid, w’hi(!h extracts about two-tliirds of ; wash of wat-T and graphite. The deliosited 
the copper. The residue is^rcduced to metal nickel is sold in sheets without rcmelting. The 
by water gas or produciu* gas rich in hydiogcn, metal is guaranteed 99 p.c. and contains not 
in specially constructed reduction towers, uL a i more than 9d ]).c. Cu and an average of 0*6 p.c. 
toraporature not ex<ax*diiig 35()"(-'., in order tliat; iron. The precious metals are recovered from 
the small amount of iron inesent shall not he I the anode shme. The copper is aimilarly 
reduced beyond the fernms state. The finely ' di-posited electrolytically on sheet copper 
divided nickol is aubjeetod to the action of e.athotles and the precious metals recovered 
carbon monoxide in similar towers at a tern-m the slime. The. percentage recovery of nickel, 
perature of between 50" and when the ^ copjier, and precious metals is high, 

volatile carbonyl pa.sscs away to tlie decomjiosi'r. '■ ()ther j>rocos,se8 suggested for the treatment 
The operation is not conqileted m one passage; ! of oxidiscal ores include tiie direct production 
the residue is returned to tln^ riHlucer, ami then i of Jerro-mekel, e.xtraction fj-om the ore after 
to the volaiiliser, circulating m tins manner for ; chlondising and siiljihatising roast, &c., but 
from 7 to 15 days. About 70 ]> o. of tlio nickel' none are, to any extent, in commercial use at 
is thus removed, and tbo residiu*, winch is ■ the present time. Large quantities of a natural 
similar in composition to the original masted | alloy of nickel and eopjicr, known as mQ7iel 
matte, is amidted with gypsum and carbon for ! mr/a/, are now jiroduced from Sudbury ores 
the production of a matte similar to the original j by the direct smelting of roasted matte, from 
80 p.c. matte. This is re-treated and the final | whi(b a small pro])ortioji of the copper has been 
^fosidues are sold, principally for tlieir content i removed by the lir.st stage of the Orford process, 
of platinum and jialladium, although they ! Its avm’age composition is about G8 p.c. nickel, 
contain also small amounts of indium, rhodium, | .30 p.c. copper, and II p.c. iron ; its properties 
gold and silver. The volatihse<l nickel carbonyl | are referred to later in this article. The pro- 
is decomposed at a temperature of about 200"C. | posal has been recently revived in Canada and 
in a tower containing granules or small t;)eUet8 | elsewhere to smelt the old slags, hitherto thrown 
of nickel kept in motion to prevent cohesion, i to waste, for the production of a pig iron low 
The gas passes upwards through the interstices in nickel. 

between these pellets, on to which nickel is : The production of nickel from arsenical 

deposited as the nickel larboiiyl is decomposed, j ores, such as those containing nicoolite (kupfer- 
The pellets are automatically removed, screened, nickel) and chloranthite, is carried out on a 
and the sinalkx size returned tq the top of the ; relatively small scale. The ores commonly 
tower, while those from J" to arc sold. The i contain alsfi cobalt, iron, and other metallic 
purity of the nickel is high, 99-8 p.c. or better, sulphides, and are roasted and smelted for the 
with a little iron and minute quantities of sulphur produc-Don of a spois'i composed chiefly of nickel 
and carbon. The copper sulphate, obtained by ‘arsenide. The speiss is subjected to repeated 
leaching the roasted matte with sulphuno acid, oxidising and reducing roasts to drive off the 
is crystallised and .sold as such, and the nickel | arsevne, and finally the nickol oxide is reduced 
sulphate is recovered from the mother liquors, i with carbon. Wot methods are omplwed for 
The**^ond process is carried out to-day in the separation of the cobalt, r. Cobalt, Vol. II. 
substantially the same manner as was fully Properlm of Nickel. —Nickel is a lustrous 
desfttibed by Roberts Austen (Proc. Inst. Civ. silver-M'hite ipetal having a slight steel-grey 
Eng. 135, 29). (3) A nnmber of electrolytic tinge, which is very noticeable when it is corn- 
methods for refining have been tried from time | pared with silver. It is sufficiently hard to take 
to time in Canada and the United States i a fine polish. Nickel is magnetic at ordinary 
(notably those of C. Hoepfner, Eng. Pat. 11307, i temperatures, but, like iron, becomes non-mag- 
1894, and H. A. Erasch, U.S. Pat. 409,439-409, iietic at liigh temperatures, the transition 
442, Mar. 6,1901), but, for various reasons, have occurring botw'een 340*^ and 360®C. Its specific 
been given up.’ Latterly the British-America gravity isS-SS,increasing to 8’6-8‘0 by mechoni- 
Nickel Corporation has adopted V. M. Tlybi- | cal treatment. Its hardness is stated to be 3*6 
nette’s process (Eng. Pat. 13356, 1914) for the j of Mob's scale (Copaux, Compt, rend. 1905, 140, 
refining of nickel in the new jdant now being j 057) and its melting-point is 1462°C. (Henning, 
installed in Ontario. By this process, al^'eady i ZeitSoh. Electrochem. 1913,19, 185; Dana and 
euooessfully operated in ^Norway on poorer' Foote, Trans, Faraday Soc. 1920, 16, 186; 
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1452, 3 j Day and Soeman, Phys. Rev. 1907. 
126, ]; Acad. Sci. 1913, 3, 371) and its 
specific h^t 0‘109. The electrical conductivity 
of nickel is about 12‘9 compared with silver at 
100; its specific resistance is 0*4 microhms/c.c. 
and its breaking stress 42 kilos, per sq. mm. 
(Copaux,/.c.). Nickel is malleable and ductile, 
and can be rolled into sheets 0*028 mm. thick 
and drawn into wire 0*014 mm. diameter. Its 
malleability and ductility are diminished by the 
presence of carbon, manganese, arsonie, sulphur 
or nickel oxide. At a white heat it can be 
welded to itself, Id iron, and to various alloys. 

Nicki'I may be distilh'd in tlu* eleetrie fur¬ 
nace, the distillate having the same ju-operties as 
the finely divided metal. It is not so volatih* as 
mrtnganes.‘. but more so than iron or chromium 
(Motssan. (!ompt. rend. 11)00, 142, 425). Its 
boiling-point is 241)()'7:U) mm. • 

The metal does not readily tarnish in the air 
at ordinary temperatures, hut becomes coated 
with a greenish coloured oxide at a red heat. 
When heated, nickel wire bums in oxygen; it 
also become,s iiieande.secnt in nitric oxidi- at 
200® and is jiyrojihorjc when prepared by 
hydrogen rediietum. It decomposes steam 
slowly at a red' heat. Acetic, citric, tartaiic 
and oxalic acids have litth' or no action on 
nickel unle.s.s they are left, in cfontact for a long 
time. Niised c.iustic alkalis have no action and 
it is uiiallccled by fresh or sea water. Jt 
dissolves .slovly iii dilute sulphuric and hydro¬ 
chloric acids, rapidly in nitric acid or ny»m- 
Uffia. Tn contact with eoneontrated nitric 
acid, it becomes |>as8ive like iron; when droj)})e() 
into fuming nitric acid it may be violently 
attacked, may hceome passive, or maj’ be dis- 
integrat(?d to a gr(‘y magnetic, powder (Holies, 
I’roc. (’amb. Phil. .Soc. 1})04, 12, 253). Hydro¬ 
gen is occluded by nickel at temperatures abovi* 
200® (\, in quantity increasing w’lth the temperu- 
* ure, but very different values have been 
obtained for the aetiial amount (<:/. Bayer and 
Altmayer, Ber. J90H, 41, 30()2; and Sioverts, 
Zeitsch. physikal. (3u:m. 1907, 00, 129). 

Molten nickel absorbs carbon monoxide, 
given off on cooling, which jirodiice.s unsound 
castings full of blow-holes. It has the povicr 
of dissolving its monoxide, forming a eutei*tic 
similar to that formed by copjier wjJ,h cuprous 
oxide, and with the same result, i.e. bnltienoss 
of the metal. Fleitmann (Ber. 1879, 12, 454) 
first suggested the addition of a small alliount 
of magnesium to the molten metal, by which 
means the nickel oxide is reduced and perfectly 
sound castings obtafmal. Aluminium is sAid 
to act in a similar manner, and manganese is 
also stated to act as a purifier and to improve 
the quality o'! the metal. Nickel may he 
deposited as a metallic layer on #tlier metals 
by electrolysing a solution of nickel, usually 
the double sulphate NiS 04 (NH 4 )oS 04 ,OH.^O. 
The deposited mckcl is hard lind will take a 
briHlant polish. 

The nickel of commerce, with the exception 
of that manufactured by the Mond process, is 
generally impure. It commonly contains only 
about 98-98i p.c. nickel, often as much as 1 p.c. 
cobalt, 0*3-0*6 p.c. iron, a little copper, silicon 
and magnesium. Arsenic, sulphur and niqjcel 
oxide are alA) occasionally present, causmg 
brittleness in the metal and diminisbkig or 
VoL. IV.-T. 


destroying its malleability and ductility. Even 
0*1 4 ).c. of arsenic or sulphur is injurious. The 
presence of iron hardens nickel, 1 p.c. rendering 
the metal unsuitable for the best qualities of 
nickel silver. With 1 p.c. carbon, nickel is 
brittle, Wht with a higher jierecntage it becomes 
tough. Although extreme purity is essential 
in some cases, the less ])ure nickel Is equally 
suitable for many purposes, and is occasionally 
preferred on account of greater ease in alloying. 
Nickel IS eoiiimoiriy sold in the form of cubes, 
in discs, known as ‘ rondi'llcs,’ granules, and in 
‘ plaquettes ’ ; also ^hot of various standard 
.sWs piejmred by the Mond Nickel Company. 
(For metbod.s lor determining nickel, /fee 
j^radley and I hliobsoii’s Analysis of Steel 
Works .Material's; also Sjiring, (Jhem. News, 
104, 5S; Ihhoison, {fiicni.« News, 104, 224; 
Schoeller ami Bouell, Analyst, 1917, (>2, 189.) 

f/.sv.s- of ^^ichclp —The repoit of the Royal 
Ontario Nickel ('omiiussioii (1917) states that 
no actual statistics are available, but gives the 
following apjuo.xiinate estimates of the relative 
quantifii's of nickel u.sed annually for certain 
.sjiecific ])ur[ioses : Cnuiayt, not over 500 tons. 
hlnlro-pldlDKf, mc'tallic nickel and its salts, 
equivalent to about otHi tons of metallic nickel, 
IS consumed in Fnglau<L Ae/.<■(-,and other 
alloys not containing non or that U80<1 for 
<’oinage, hetweon 500 and 3000 tons in England, 
j tSfrcl making jjrohaltly 75 ji c. of the whole 
[ nickel [iroduction (war time) and 00 p.c. under 
normal conditions. In England about 2750 
ions, (A abfuit 45 p.e. of the whole English 
consumption, is normally used in steel. The 
iinjierial Jnstil.ute states that 4700 tons was 
used in t he steel industry during 1914, ami that 
it accounted for about 70 ji.c. of the total nickel 
used in England. Hie use of nickel for coins of 
low denomination is increasing ; most countries 
; use an alloy of 25 p e. lucki*! and 75 p.c. copper, 
i but tlie jnire metal is also used : its hardne.sB 
' causes it to be of sjx'cial value for coinage on 
aceoun# of both its <iural>ility and difficulty of 
i counterfeiting. Jt is used t(* an increasing 
extent in the manufacture of laboratory ap- 
I jiliances siicii as crucibk?H and basins (which 
may bo used for boiling with caustic alkalis or 
I alkaline carbonates and for fusing minerals 
j and salts with caustic alkalis or ifitrates of the 
I alkalis), water-baths, spatulas, tongs, &,c. For 
1 some larger scale chemical ojieiationa, iron 
; yossels lined with nickel are employed. In the 
f pure form, metallic nickel is manufactured into 
; sheets w'hich arc stamped into W'atch eases, 
j cooking utensils, and .similar articles. It is 
I drawn into wire for use for sparking-plugW'and 
leading-in wires. Nickel la largely used as a 
I catalyst, notably in the hydrogenation of oil% 

\ Alloi//i .—Nickel IS capable of alloying with 

I all the common inctafs, and, in addition to its 
j use in steel, it enters into the composition of a 
large variety of non-forrpus alloys chiefly known 
m commerce as cupro^nickd, nickel-nilver, 
(Jermin-silver, mckel-hrnnzey &c. 

The principal characteristics of nickel steel 
(containing from 2 p.c. and upwards Ni, usually 
about 3^ p.c.) is its high elastic and ten^e 
strength compared with mild steel, and fox this 
reason it is rapidly replacing ordinarv structural 
steel 4or many purposes such as bridge con¬ 
struction, &o. It Is also used for special 
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locoraoti^Je and engineering forgings, electric 
railway gears, crankshafts, for parts of motor¬ 
cars, aeroplanes, and it has also proved of special 
value for armeur plate, heavy ordnance, and 
armour-piercing projectiles. (For the effect of 
nickel in steel, sec Sir R. Hadfield, ^roc. Inst. 
Civ. Eng. 138, 1-125.) Invar is an alloy of 
iron containing 3(> p.c. nickel, 0‘5 p.c. manganese, 
and 0'6 p.c. carbon. Tt has practically no co¬ 
efficient of expansion between —100® and -1-150® 
C., and for this reason is dl special value for 
clock pendulums, surveying tapes, philosophical 
instruments, Ac. It mofvs at 1425®C. andean 
be forged, drawn and w’orked readily, and has 
a high resistance to corrosion. PUitmite and 
other high nickel steels are used for sjiecial 
purposes such as electrical resistances, &c. 

Tile non-ferroifS alloys have a wide npjdiea- 
tion for domestic and onginc'ciing puqioscs; 
the addition of nickel haitJens and toughens 
many of the common metals and alloys. With 
25 p.c. nickel, eopper-nickel alloys are white : 
with less nickel tlicy show a reddish tint. Mc-ncl 
weUd is, as already stated, a natural alloj'. 
produced by dir<‘Ct smelting of the ore. Jt 
oontama about d7 ]>.c. nickel, 28 p.c. copper, and ! 
5 p.c. manganese and iron. It takes a brilliant 
polish and is remarkable for its resistance to 
corrosion and high tensile strength. Its melting- 
point is 13h0®('. and sp.gr. (cast) is H‘87. It is 
made in the form of slieets, rods, wire and 
eastings, and is largely used for propi'ller blades, 
valves, castings for oil stills, tic rods, ore dressing 
scrt'cns, filter cloth, fto. (.vre alto Engineering, 
1918, lOfi, 451). Ciiprn-mcJcfl contains 8(» ]).c 
copper and 20 p.c. nickel. H melts at lllK^'^'C. 
and is used for bullet jackets and other munitions 
, of war. The alloys of the vkhd-nlvar [Gennnn- 
stiver) group usually contain about 55-(>0 p.c. 
c<)})per, 15-20 p.c. nickel, and 20-30 p.c. /inc, 
but the lower grades contain as little as 7 p.c. 
nickel (McWilliam and Rarelay, .1. Inst. Metals, 
1911, 6, 214). The alloys arc not definite 
compounds, but consist of a homogeneims solid 
solution. They are white, ductile and tough 
and not readily corroded, and may be rolled, 
spun, stamped and Irawn. Packforuf is the 
name of an old Chinese alloy of copper, zinc, and 
nickel; other alloys having the same constituents, 
but widely varying in quantities, are known in 
commerce under the names arqeMan, Potos\ 
silvert electrum, and, in France, maillechorl. 

A number of nickel-copper alloys are made 
for use as electrical resistances, e.g. coiHanlari 
and eurefctt, containing bO p.c. copper and 40 p.c. 
nickel; phtinoid, stated to contain about 2 p.c. 
turf^.Uen; and manc/nnin, containing 84 p.c. 
copper, 4 p.c. nickel, and 12 p.c. manganese. 
Nizhrome resistance wire is an alloy of (>0 p.c. 
chromium and 40 p.c. nickel. Constaiitan is 
used for thermo-clectric/couples, as is also an 
alloy of nickel 90 p.c. and chromium 10 p.c. 
For a full account of the nickel industry, in¬ 
cluding ore deposits of the world, $ee the Report 
of the Royal Ontario Nickel Commission, 
published in 1917 by the Ontario Government, 
Toronto. 

For an account of the growth of the nickel 
industry since 1910, see Mathewson, Jour. 8oc. 
Chem. Ind. 1918, 37, 63. 

OsUftidal solutions of nickel can be pApared 
by the reduction of solutions or suspensions of 


nickel salts in glycerol containing 'gelatin or 
gum arabic as a protective colloid (Kclber, Bcr 
1917, 50, 1509). The reducing agents may be 
hydrazine hydrate, formaldehyde, lydroxyl- 
amine or hypophosphorous acid. The colloidal 
solution is unaltered by air and is miscible with 
alcohol. 

Oxides of nickel. The chief oxides of nickel 
are the monoxide NiG and the sesquioxide NigO,. 

Nickel monoxide NiO occurs native as hvn- 
senile, and may be prepared by strongly heating 
the hydroxide Ni(()H)._,, carbonate NiC 03 , or 
nitrate NifNOalj. It is a green crystalline 
powder, which turns yellow on heating. It is 
easily reduced to the metal when heated in 
I hydrogen. The hydroxide (NiOH)^ is formed as 
j an apple-green precipitate, when a nickel salt 
I is treated with alkali hydroxide, 
j 'I’he salt^R of nickel are derived from the 
' monoxide. They are in general yellow when 
aiihydrona, emerald-green when hydrated or in 
solution. 

Nickel sesquioxide NijOj is a black powder 
obtained by gently heating the nitrate or car¬ 
bonate m air. It is decomposed by heat, and is, 
probably nickeloii? nickelile NiO'NiOj. 

Nickf’l trihydroxide NifOH)!, is obtained as a 
black precipitate when a nickel salt is w^armed 
with alkali hypochlorite or chlorine passed 
through the hydroxide Ni(OH)j suspended in 
water. According to Bellucci and Olavari, 
however, this precipitate is the hydrated dioxide 
NiOa'a-HjO (Gaz7. chim. ital. 1905. 14, ii. 234* 
Atti K Accad. Lincei, 1907, [v.] 10, i. 047). 

The peroxide NiO* is obtained m a hydrated 
form by the action of hydrogen peroxide on 
, nickel salts (Pcllini and Meneghini, Zeitsch. 

I anorg. Chem. 1908, 60, 178), and an oxide re- 
! garded as NiO^ was obtained by Hollard (Compt. 
rend. 1903, m, 229). 

According to Sabatier and Kspil ((^mpt. rend. 
1914, 158, 668) a suboxide Ni^O (?) probably 
exists. According to Wohler and Balz (Zeitsch. • 
Klekirochem. 1921, 27, 400), this is a mixture 
of NiO and metal. 

Nickel carbonyl Ni(CO)^. When carbon 
monoxide is passed over reduced nickel at 30®- 
80®, best at about 45°, combination occurs, 
and a volatile carbonyl is formed (Mond, 
Langer ai\d Quincke, Chem. Soc. Trans. 1890, 
749). It is a colourless liquid, boiling at 43‘2° 
and solidifying at —25® ; its sp.gr. is 1*3186 at 
17°. ^At 50® it has the normal vapour density. 
The carbonyl is soluble in organic media; its 
viujour is very poisonous. For its reactions, 
see Dewar and Jones, ibid, 1904,203 ; Proc. Roy. 
Soc. 1003, 71, 427 ; and v. Caebouyls, Vol. II. 

p. 86. 

Nickel arsenide NiAs occurs as hipfernkkel 
(tj. supra), tfhe phosphide Ni^P is obtained in 
grey needles when nickel and phosphorus are 
heated in the electric furnace (Maronneau, 
Compt. rend. 1900, 130, 650; c/. Granger, ibid. 
1896, 122,1484 ; 1896, 123, 176). 

Nickel nitride NiaN^ is obtained by dropping 
a mixture of nickclous oxide and cyanide 
between carbon electrodes in an atmc«phere 
of nitrogen (Vournasos, Compt. rend. 1919, 168, 
889), 

i^Nickel boride NiB is prepared in the electric 
furnace, and forms brilliant prilmatic crystals 
of spigr. 7*39 (Moissan, Compt. rend. 1890, 



NICOTINK 


631 


122, 424). It 18 decomposed when fused with 
aikah. 

Nickel silici^ Ni 2 Si is prepared by heating 
an excess of nickel with silicon in the electric 
furnace until the greater part of the metal has 
been volatilised; and then dissolving away the 
remaining metal witli dilute nitric acid. It is 
a steel-grey, metallic-looking powder of sp.gr. 
7*2, and js attacked by afjua rpgia and by hydro¬ 
fluoric acid (Vigouroux, Oompt. rend. ISOSj 121 , 

Nickel bromide NiBtg is produced when 
finely divided nickel is heated in bromine vapour 
or by the action in the cold of an ethereal solution 
of bromine on the metal. It sublimes in golden 
scales, 'file bromide is very hygroseopie, and 
forms a tnhydrate NiBr..,:ili..(). The aecejited 
equivalent of nickel rests largely up^ the results 
obtained by Kicharrls and (kishmann {/eitsch. 
anorg. Cbem. 1898, lb, 107; 1899, 20, .*152) m 
their analyses of anhydrfins nickel bromide. 

Nickel enrhonate Ni(X>t is obtain^^d by heating 
a solution of nickel chloridf' with calcium carlm- 
nato at It forms jialc-green, niieroscopie 

.rhombohedra, A hexahydrate Niro^OK^O is 
produced by mixing 'nickel nitrate; solu¬ 
tion with sodium bicarbonate and saturating i 
the cold solution with carbon dioxide. It 
readily loses water. 1’he pah; green precipitates 
obtained by adding alkali carbonate tff a nickel 
salt are basic carbonates of variable composition. 

Nickd cMoride NiCh is formed when finely 
divided nickel is warmed in chhirine. It can 
bo sublimod, and forms golden scales. It dis¬ 
solves in water with the evolution of heat, and a 
green hexahydrate NiCI>,()l:L() can be crystal¬ 
lised out from the solution. The anhydrous 
chloride readily absorbs ammonia, forming an 
almost white compound NiClajbNH:^, which dis¬ 
solves easily in water. Nickel chloride is .soluble 
in alcohol. 

Nickel cyanide Ni( 0 N )2 is obtained as an 
apple-green precipitate by adding potassium 
cyanide to a solution of a nickel salt. It is 
easily soluble in excess of potassium cyanide, and 
from the solution the salt K 2 NiCy 4 can bo 
crystallised. This salt i.s readily decomposed 
by dilute acids; a red potas'iiuni nickelooyanidc 
KjNiCy., is also known. It can be oxidised*to 
the normal yellow nickelocyanide l^NiCy^ by 
atmospherio oxygen, water, or by hydrogen 
peroxide (Bellucci, Oazz. 1919. 49, li. 70). 

Nickel fluoride NiF^ forms green imisms 
(Poulenc, Corapt. rend. 1892, 114, 142(>); it is j 
soluble in water and forms a trihydrate NiFjjSIL- 

Nickel iodide Nilj forms black scales; the 
hexahydrate NilotOH^O is a bluish-green, very 
hygroscopic crystalline substance. 

Nickel nitrate Ni(N 0 .,) 2 , 6 H 20 is a green salt 
which crystallises in monoclinic •tablets. It 
dissolves in twice its weight of cold water and is 
also soluble in alcohol. Tri- and mono-hydrates 
are also known. * 

Nickel nitrite Ni(NOj )2 is of little importance 
"itself. It forms a double salt Ni(N02)2'4KN02 
which is easily solublodn water, and a triple 
nitrite 2 KN 02 *Ca{N 02 ) 2 ’Ni(NC)j) 3 , which is a 
ellow crystalline substance only sparingly solu- 
le in water. Similar salts are known with barium 
and strontium^ and hence the alkaline eaith 
metals must be absent when nickel and cobalt 
are be separated by the cobaltinitrite m^bod. 


i Nickel sulphate NiSO* is formed in solution 
when nickel, or the hydroxide or carbonate is 
dissolved in dilute sulphuric acid. At ordinary 
temperatures the salt orystallisls as the green 
heptahydj’ate NiS()4,7H20, isomorphous with 
magnesium sulphate. At 50''-70" the hexa- 
j hydrate Ni!S()4,9H20 separates in njonoclinio 
I crystals, and a hydrate of the same composition 
! separates at ordinary temperatures from acid 
! solutions, but the crystals are tetragonal 
I pyramids. • 

The hydrated sul|diate loses water at 100®, 
; kiiming the monohydrate NiS() 4 ,ll 20 , and at 
! 28(T' the yellow anhydrous sulphate is left. The 
latk*r absorbs ammonia, forming a pale violet 
, powder of the composition NiSOj’CHNj. The 
j com]>ound NiS(),'4NH crystalliaea in 

dark-blue tetragonal prisms^foiii concentrated 
I solutions of the sulphate in ammonia. 

; I’he solubility of nickel sulphate in water, 

; expressed as parts of the anhydrous salt per 

■ hundred parts of water, is as follows :— 

j Tfinp. 2" 1(5'' 23° 41’ .'>0° 60° 70“ 

i NiSOj 20-4 :i7-4 41-0 49*1 52*0 r>7-2 61*9 

Miekel sulphate forms numerous double sul¬ 
phates with the 8ul])hates of otluT metals. Of 
th(‘.se, the most important is nickel ammonium 
su//)/^affiNiS()4*(N 114 ), 2804 , 0120 , which is largely 
used in the process of mekel jilatiug and in other 
processes in which a salt of nickel is emiiloyed. 
It IS obtained by dissolving either nickel or 
nickel monoxide 111 .sulphuric acid, and adding 
ammonium sulphate to the concentrated acid 
I solution. It 18 purified by recrystaliisation and 
' forms short, monoclinic prisms. The solu- 
1 bility, expressed as jiarts of NiS 04 *(NH 4 ) 2 S 04 
' per hundred parts of water, is as follows:— 

■ Temp. 3-6“ 16“ 20“ 30“ 40“ 50“ 68“ 85“ 

jSalt 1-8 5-8 5-9 8*3 11*5 14*4 18-8 28*6 

Nickel monoHulplndc NiS occurs in nature as 
1 mtllcntc., sometimes in brass-j'dlow rhombo- 
I hedra, hut usually in capillary crystals. It is 
' obtained in a black, hydrated form when a 
j nickel salt is precipitated by ammonium sul- 
I phide. For its behaviour towards acids, cf. 

* Thiel and (xessner, Z. Rmfrg. Ohem. 1914, 8fi, 1. 

I h’or the subsulphide NigN, v. Mourlot, t'ompt, 

I rend. 1897, 124, 798, and for the sesquisulphide, 

' Dewar and Jones, Chem. Soc. Trans. 1904, 211. 

Detection and estimation. Nickel salts colour 
the borax bead red in the oxidising flame. The 
rfulphide is black, and cannot bo precipitated in 
the presence of mineral acids, but when once 
; precipitated, it dissolves very slowly in dilute 
j hydrochloric 

' Nickel may be estimated as the metal, afl^the 
! monoxide, as nickel dimethyl glyoximate or as 
nickel dicyanodiamidino; it may also be esti¬ 
mated volumetrioally, (c/. HoJIuta, Monatsb. 
Chem. 1919, 40, 281 ^ J. Soc. Chem. Ind. 1919, 
38, 904, A). For details of these methods, and 
for the separation of nickel from other metals, 
V. Analysis. W. G. W. 

NICKEL-SILVER p. Nickel. 

NICOTIDINE V . Bone oil. 

NICOTINE OjoHj.Ng, a liquid, volatile alka¬ 
loid, occurring in tobacco {Nicoliana Tabacum 
[Linn.]) as malate and citrate, together with 
several other alkaloids of comparatively little 
importance, e.g. nicote^ne CjoHigNj, b.p. 26§^, 
liquid; nicotimine Cj^Hj^Nj, b.p. 260®-256®, 
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liquid; nicotelline C^oHaNj, m.p. 148°, pris¬ 
matic needles. Nic()tine also occurs in Duhoida \ 
Hopwondii (F. MuoU ) (Rothera, Bio-Chem. J. ' 
1910, 6, 193), ftrom which it was isolated under ' 
the name ‘ piturine ’ {sec Betit, Pharn). J. 1878- 
1879, [iii.] 9, 819). Tobacco contains, as a rule, 
from 1 tq 8 p.o. of nicotine, but by far the greater 
proportion of commerenil tobacco contains not 
more than 4 p.c. (c. 'I’oBAcco). 

l^reparatioii. Nicotine and tobacco extract 


The aqueous solution is etiongly alkaline and 
precipitates solutions of many metallic salts. 
The salts crystallise with ditliculty, but the 
picrate B, 20 jH 2 (K 02 ) 30 H forma glancing yellow 
prisma, m.p. 218°, and is characteristic. Nico¬ 
tine and its salts are precipitated even in dilute 
solutions by alkaloidal reagents. Nicotine 
treated with a drop of formaldehyde solution 
and then w’ith a drop of nitric acid gives a rose- 
red colouration. 


are now largely used as inseVticides, and a con- 
siderahlo industry has sjirutig up in the last few 
years in the manufacture of these produces. 
F<»r those purjioses tolmcco leaf midnhf^ and 
waste tobai^cc) are largely used, as well us the 
liquors obtained in the manufacture of chewing 
tobacco. 'Phe tobaci^o is extracted with water 
usually in some form of (continuous extraction ■ 
apparatus, and this liquor, or that jiroduccd in 
making chewing tobacco, “is concentrated to 
form tobac'uo extract. From tlu* latter crude 
nicotine can be obtained by adding lime or soda 
solution and steam-distilling, the distillate being 
extracted with (;ther. 

Estimaiioyi. The process generally employed 
for this purpose is that of Kissling (Zeitseh. 
anal. Chem. 1882, 21, (54 ; 188.3. 22, 199 ; C'heru. 
J^eit. IIUI, 35, 98, pOO; 1919, 40, 594), winch 
has been modified in various ways The follow¬ 
ing form of this process is stated to give good 
results ; 20 grms of powdered tobacco, dried at 
a tempernture not ex(;eodmg r>0°, is ground up 
in a mortar with 10 c.c. of 65 p.(^ alcohol con- 


lieActions and constii^dion. Nicotine reacts 
with methyl iodide as a ditertiary base, and on 
oxidation funn.shes /3-])yridinft derivatives, so 
that it must contain a pyridine nucleus, with a 
side chain or a second ring attached in the 
posiium. J’inncT first suggested that this 
residual portion of the molecule consisted of a 
N-methylpyrioli(lme ring {Ber. 1892, 25, 2810; 
1893, 20, 292, 7(>S>), and this has received support 
from th(^ synthesiK of nicotine by Pictet and 
collaborators [ihid. 1S9.5, 28, 1911; J898, 31, 
2018; 1900,33,2355; 1904,37,1225) 



taining (J'fi grm. of sodium hydroxide and 
extracted with ether in a Soxhlct apparatus 
until exhausted (usually in 3 liours). The 
solvent IS distilled ofl and the residue mixed 
with 60 c.c. of 0*4 i).c. soda solution and steam- 
distilled, and the distillate (which generally need 
not exceed 400 c.c.) titrated with N-sulphnno 
acid ill presence of rosolic acid. h\)r extracts 
the same procc.ss may he used, alkali being 
added to the extract and the mixtu^(» steam- 
distilled. For a critical examination of this 
and other methods, .see Rasmussen (Zcit. anal. 
Chem. 19H), 56, 81-131). In addition to 
Kisaler's method (ab:.ive) and that of Koenig 
{Chem. Zeit. 1911, 35, 521), Rasmussen favours 
the precipi^tion as sihcolungstate (Bertrand 
and Javillier, Bull. vSoe. chim. 1(K)9, [iv.] 5, 
241 ; Ann. Oliim. anal. 1911,10, 251). Accord¬ 
ing to Xpalliuo (Gazz. 1913, 43, 11, 482) the 
silicotungstate should be ignited, A jiolan- 
rnetrio method has been described by Tingle 
and Ferguson (Trans. Roy. Soc. C’anada, lOlfi, 
[iii.] 10, 27), and the estimatipn of niculino in 
th^'presence of pyridine bases by Surre (Ann. 
Falsif. 1911, 4, 331). For titration methyl riid 
i&’ a good indicator (Schick and Hatos, Zeit. 
Nahr. GJenussm. 1914, 2{1, 209). 

Properties. Pungent, colourless, hygroscopic 
liquid, b.p. 247°, which liecomes brown anil 
resinous in air owing to oxidation {cf. Ciamician 
and Silber, Ber. 1916, 48, 181). Distils un¬ 
changed in a current of hydrogen or steam, 
but suffers oxidation when distilled in air. 
D|®t=: 1*00925 (Jepheott, Chem. Soc. Trans. 
1919, 104). The density increases to 1'04 on 
addition of water up to 33 p.c. {cf. Hudson, 
Zeitsch. physikal Chem. 1904,47, 113).* Lsevn- 
rOtatory [a]p®=—168'2‘*, salts dextrorotatory. 


CONSTrrTTTION. 

NIGELLA SEEDS or BLACK CUMMIN. 

The seeds of sotiva (Linn.), a raimncu- 

lacenus ])lant growing ou the Mediterranean 
coasts, and in Egyjit, Trans.(_laneasia, and 
India, were found by Riunsch, in 1841, to yield 
35’8 p.c. of fat oil, O'H ]).c. of volatile oil, and 
only O’G p.e. of ash. He gave the name of 
niqdhn to a bitter extract resembling turjien- 
tin«!, y(5t soluble ni water as well as in alcohol, 
though not in ether. 

By submitting 25 Ihs. of fresh seed to dis¬ 
tillation, Fluckiger obtained a nearly colour¬ 
less essential oil, but in smaller quantity than 
Reinsch. It has a slight odour, somewhat 
reftemblmg that of paisley oil, with a magnificent 
bluish ftiinresccnoe, as already remarked by 
Reinsch. In a column 60 mm. long this oil 
dovigte.s the ray of polarised light 9'8° to the 
left. Its 8}).gr. is 0'8909. The chief part of it, 
when heated with calcium chloride in a current 

dry carbonic acid, distils at 250°. Its 
composition corresponds with the formula 
2 CioHjj,H 20. The residual portion, which is 
almost entirely devoid of rotatory power, after 
having been rectified by means of sodium, con¬ 
sists of ter^benes CjoHj,. The fat oil, extracted 
by means of boiling ether from seed grown in 
(Germany, previously finely powdered (necessarily 
including some essential oil which imparted to 
the ether its fluorescence), is a fluid fat which 
does not congeal at 16°; it consists chiefly of 
olein, together with a (Considerable amount of a 
solid fatty acid, probably a mixture of palmitic 
and myristic acids. 

It is stated in the Pharmacopoeia of India that • 
ntgclla seeds are carminative,,and they were 
formerly so regarded in Europe. In the East, 
genetally, they are used as a condiment to food, 
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and in Greece, Turkey, and Egypt they are 
frequently strewed over the surface of bread 
and cakes in the same manner as anise or 
sesame. The fixed oil of the seeds is also ex¬ 
pressed for use. 

NIGER SEED OIL is obtained from the 
ackenca of Guizotxa ahysmntca (Linn.), Cass. 
{Guizotia oleifna, D.C.), a plant indigenous to 
Abyssinia, and largely cultivated not only in 
East Africa, but also in the East and West 
Indies. The achen^es contain from 40 to 4.5 p.c. 
of oil. For the chemical and physical characters 
of this oil, see tables, Oils. Fixkd, and Fats. 

Nig('r seed is crushed in Hull and Marsi'dles, 
and of late years the oil has been used to an 
increased extent as a, Huhslat\it(^ for linseed oil ' 
in soap-making, &c. It yii lds only a trace of ' 
a bromide insoluble in ether, so that its presence 
in linseed oil reduces the proi)ortion*of insoluble 
bromide given by the latter. d. li. 

NIGHT BLUE. A colouring matter obtained 
by the action of j>-tolyl - a • uajdithylainine on 
tetrametliyl-dianuno-benzo))heiiom‘. Itesemhlcs 
Victoria blue. V. Tiui’iiknylmethanl colour- ! 

INO MATTERS. ' 

NIGRISIN is the eonimcrciai name lor a 
basic grey dyestud formed when aqueous or- 
alcoholic solutions of nitiosodimethvhinilme 
hydrochloride an* boiled it lorms a black 
powder soluble in water to a re<ltlisli-gi(>y solu¬ 
tion which IS changed to blue-giey on addition 
of acid. 1 litre »il water at 100" dissolves 80 grams 
of nigrisiu. In suljihuiic acid it lorms a pure 
grey solution, W'hieh, on addition of water, 
turns to red- then blue-grey. It is oxidised by 
nitric acid and reduced by stannous chloride and 
hydrochloric acid, and by /mc-dust and acid. 
Pota.ssium dichromate produces a brown ])re( iju- 
tato soluble in acetic or tartaric acid w'itli a grey- 
blue, m hydi'ochloru; acid with a red-blue colour. 
Nignsin is distinguished by its purity of shade, 

^ ‘ rong colouring powder, fastness, and the variety 
of corapouud ahaiJes which it is capable ol, 
yielding when tnixi'd with other dyestulTs (Bau¬ 
mann, Bull. ISoc. Ind. Mulhousc, 1800, 0.5). 

Nignsin dots not roijuire a mordant for. 
dyeing bleached cotton, and full shades are 
obtained with 1-3 ]).c. of the dye. (k)ttyn i 
mordanted with antimony tannate also takes: 
the dye well; in this case the material is padded 
in a solution conluining 2-10 grams^of the dye 
per litre. It is then dried and steamed, or 
before drying it may be passed through 0s5 p.c. 
solution of potassium dichromateat 00^", when an 
insoluble chromate of the colour-base is formed. 

Nigrisin is formed and simultaneously fijod 
upon the fibre when cotton is printed with the 
following mixture and then steamed for about 
3 minutes i 100 grams of nitrosodimethylaniUne 
hydrochloride, 1 litre of warm w’l^er, litre 
of starch paste thickemng, gum tragacanth 
paste (6:100). In the presence of an organic 
acid a grey (similar to that foimed by nignsin 
on unmordanted cotton) is produced. If the 
organic acid is replaced by tannin, and after 
steaming it is fixed jvith tartar emetic and 
washed, a deep rich-grey is obtained. By vary¬ 
ing the conditions of dyeing and by the intro- 
ducti^m of reducing agents, white and colour 
discharge effects upon a grey ground are 
obtained (Fedlrmann, Bull. Boc. Ind. Mulho^ae, 
1900, 79, 251). The grey colour mixtures can 


also be made to give blacks (Brandt, J. Boo. 
Chenj. Ind. 1900.1106). 

NIGROSINES V, iNDtruNES. 

NIGROTIC AC10 v. NArHTiiij:.ENi!. 

NILE BLUES v.Oxazinb colouring matters. 

NIOBITE V, CoLUMBiTE ; also Columbium. 

NIOBIUM V. Columbium. 

NIRVANINE is the diethylglycot^ll com¬ 
pound of .5-amino-2-hydroxybenzoic methyl 
ester. It forms a hydrochloride of neutral 
reaction which prediices complete anaesthesia 
of a longm- duration than that caused by cocaine 
(I'hnhorn and Heinz, Wiarm. J. 1889, 62, 96), v 
Synthetic; urugs. 

NIRVANOL. yy-rhenylethylbydantoin 
^ /Nil-CO 

Et"'' ^00-in 

obtained by the action of potassium cyanate on 
the hydrochloride of othyl-a-amino-a-phenyl- 
buty^ak^ (Soluble in 1660 parts of cold and in 
1 H* jiarts of hoi water, in 20parts of spirit. Has 
a hyiinotic action of about the same intensity 
as • luiiunar (jihciiyleihylharhiturK! acid), but is 
loss toxic, its hypnotic action is greater than 
that ol veronal (diethylharbitunc acid) 

NITON. ISym, Nt. At.wt. and mol.wt. 
222'4. The name given by Cray and Ramsay 
(I’roo. Roy. J^oc. Bill, A, 84, ,53()) to the gaseous 
emanation of ladium diso.overed by Dorn 
(Naturforseli. (lea. fur Halle a S. 1900). Niton, 
which has only boon obtained in minute quan¬ 
tities, 13 prepared by liealing a compound of 
ladium or by dissolving it in water and jmniping 
off the ga.ses slowly produccal. Oxygen, hydro¬ 
gen, carbon dioxide, and nitrogen are succes- 
I sively removed by means of heated copper, 
j copper oxide, phosphoric pontoxidc, fused 
potassinm hydroxide and heated lithium respec¬ 
tively, the niton left is then hquetieil at —150® to 
- and the helium present, together with a 

little niton, is pumped off (Debierne, Compt. 
rend. 1#09, 148, J264; Ann. Physique, 1916, 
fix.] 3,18; Rutherford, Phil. Mag. 1908, 16,300). 

From a comparison of the y-ray activity 
of the ])ure product wi^h that of radium m 
radioactive equilibrium, it is found that the 
volume of emanation in equilibrium with 1 gram 
of radium is otiuai to 0’606 cubic mm. (Debierne). 

Niton 18 a member of the family of inert 
gasea. Its density, measured by means of a 
piicrobalance sensitive to 2x10”* mgm. with 
about mgm. of material, gave a value of 
223 for the molecular weight (Gray and 
Ramsay, l.c.; Compt. rend. 1910, 161, 126), 
but the value 222'4 is preferred for theor^ical 
reasons. The direct density mcasuremeu* are 
confirmed by the effusion experiments of 
Dcbieme (Compt. rend, 1910, 150, 1740), 3hd 
the diffusion exporimants of Perkins (Amer. J. 
Sci. 1908, [iv.] 25, 461), which gave the values 
220 and 235 respectively for the molecular 
weight (for other determinations, v. Rutherford 
and Brooks, Trans. Roy. Boc. Canada, 1901 j 
Curie and Daniie, Compt. rend. 1903,137, 1314 ; 
Bumatead and Wheeler, Amer. J. Sci. 1904, [iv.] 
17, 97 ; Makowor, Phil. Mag. 1906, [vi.] 9, 66 ; 
Chaumont, Le Radium, 1909, 6. 106 ; Debierne, 
Ann. Physique, 1916, [lx.] 3, 62). Niton there¬ 
fore coicupies the position in group 0 of the 
Periodic Boheme in«itbe same series as, and 
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immediatpely preceding, radiuin (c/. Gray and 
Ramsay, Chem. Roc. Trans. Ifl09, 95, ]Jf)73; 
Bankine, Phil. Mag. 191], [vi.] 21, 45). 

Niton undergoes a rapid diminution in 
volume to one-^alf the original amount when it 
is isolated. The gas, both before an{? after this 
change, obeys Boyle’s Law\ Niton is condensed 
to a solid at the temperature of liquid air. Both 
liquid and solid niton are phf)Rphorescent. The 
critical temperature is 104*5'^, tlie criticiil 
pressure 62*5 atmos., and tin* boiling-point i.s 
“62® (Rutherford and Roddy, Phil. Mag. 
1903, [iv.] 6, 501 ; lluth*;rford, ilnd. 1909, fvi.] 
17, 723 ; Gray and Ramsay, (Ijom. Roc. Trails. 
1909, 95, 1073; Laborde, Compt. rend. 1909, 
148, 1591). Niton possesses a definite spectrum 
(Ramsay and Collie, Rroe. Roy. Roc. 19t>4, 73, 
470 ; 1908, 81, A,.210 : Rutherford and Royds, 
Phil. Mag. 11K)8, [vi.] K), 313; Royds, ibid. 1909, 
[vL] 17, 202; Proe. Roy. ^<v.. 1908,|vi.] 82, 22; 
Watson, ibid. 1909, A, 83, 50; Debieme, l.c.) 

In the presence of niton, slow decomposition 
of water, ammonia, hydrogen chloride, and tlie 
oxides of carbon occurs (Ramsay, Cbem. Soe. 
Trans. 1907, 91, 931 ; Cameron and Ramsay, 
ibid. 1907, 91, 1593; 1908, 93. 90 ( 5 , 992 : IVr- 
man, ibid. 1908, 93, 1775; Usher, ibid. 1910, 97. 
389; Rutherford and Royds, Phil. Mag. 1908, 
[vi.] 16, 812 ; Ciinc raid (Jleditseh, Compt. rend. 
1908, 147, 345). On the other hand, it is 
capable of i>roducing chemical eombmation, as, 
for example, the union of electrolytic oxygen and 
hydrogen. Por the colouring and thermo- 
luminescence of glass produced by radium 
emanation, see Lind, J. Pliys. (3ieni. 1920, 24, 
437. Niton spontaiieouslv decDmjioses, j)ro- 
ducing helium and otliersuWanees. For radio¬ 
active properties of niton, v. RAinoACTivrrY. 

For the disintegration constant and decay 
of radium oiuanation. I0-1819 day“i=2'106 x 10" ® 
Bec~^), m; Bothe andLechner (Zeitsch. physical, j 
(’hem. 1921, 5, 335). 'J'hese values are above! 
1 p.c. greater than the Curie-Rutherford values 

Its amount in the atmosphere would ajipear 
to vary with meteorological conditions, the mean 
emanation content being about 131x10“*®' 
curie per c.c. (01uia('*, -Tahr. Radioaktiv. 
Elektronik. 1918, 15, 158). Higher values have 
been found by Zlatarovic ((’hem. Zentr. 1920, 
iii. 334), in the air at Innsbruck, viz. 433 x I0~^* 
curio per c.c. (extreme values 1110 and 40). 
dependence on meteorological factors could only 
be so far recognised m that rainy periods corre*, 
spond with lower emanation values. 

Ramsay has described an apparatus for 
‘ drawing oil ’ niton, for use as a therapeutic 
agenL from a radium salt (Lancet, 1914, 186, 

148r)T 

NITRAL. Trade name for purified moist 
nitrous oxide used as a bactericide undei jiressure 
(Bart, Arch. Hyg. 1922, 91, 1). 

NITRATINE, Soda-nitre, or Chih .salt¬ 
petre (Span. Saltire sodico). Sodium nitrate 
(NaNOs), crystallised in the rhomliohedral 
system) is by far the most abundant of tlio 
few naturally-occurring mineral nitrates. It is, 
however, found only as granular masses and 
encrustations, although well-formed crystals arc 
readily obtained artificially. These have the 
form of simple rhorabohedra, which in many of 
their physical characters present a striking 
resemblance to crystals oi calcite. The angles 


between the faces and also between the perfect 
rhombohedral cleavages, are 73® 30' (in calcite 
74® 55').* The strength of the double’refraction 
is even higher than for calcite, the values of 
the refractive indices for sodium-light being 
m=P5374, €-=1*3361, ai-€=0*2013 (the corre- 
Bponding values for calcite being a>=l‘0586, 
c=|-4862, w €”0*1723). On this account 
attempts have been made to utilise sodium 
nitrate b>r the construction of polarising (nicol) 
jirisnis to rejilace the increasingly rare and 
expensive Iceland-fipar, but it is impossible to 
obtain large crystals sufficiently clear and free 
from enclostircH of the mother-liquid. Rp.gr. 2*27. 

In the ])ro Vinces of Tarapaca and Antofagasta, 

I in northern Chile, the nitrate deposits occur along 
a narrow belt of country where the westwardly 
! sloping ])ampas abut against the coast range at 
^ an altitude' of about 3000 feet. This district 
I extends from the town of Tarapaca in the north 
] to that of I’altal in the south—a distance of 
nearly 400 miles—and embraces an area of 
I over 8(KMi square miles. I'he salt bed has a 
. thickness of 1 to (i feet and is overlain by 2 to 
! 20 feet of gypsum, clay, sand, and gravel. The 
j crude salt, called ‘ caliche,’ is granular in texture 
, and more or less cavernous ; its colour is Avhite, 

! violet, bright y<*)low, or blown. It consists of 
j from 20 to (iO p.c. of sodium nitrale, together 
; with much sodium chloride and sulphate, and 
smaller amounts ol soluble calcjum and mag¬ 
nesium salts, jiotassium jicrclilorat-e, iodides, 
iodates, borates, &c. In tlic ]ninfieation of the 
salts by ro-cry.stalhsatioii, ioiliiie is a valuable 
by-]>roduct. (’bile salt]»etn‘ is largely used as a 
fertiliser, and for the prc])aratjon of potassium 
nitrate and nitric acid, used fur the manufacture 
of explosives &o The quantity annually ex¬ 
ported is about two million tons, valued at about 
£9 per ton. 

Extensive dcjiosits of iiitratine in asstieiation 
with borates are also re]K)rted to occur in 
southern (Jalifornia, extending over a region from 
the Mohave Ueseit in Ran Ik^rnardino Co. to 
Death Valley in Inyo Co. Tlie beds arc said 
-to be 3-10 feet in tluckncss, and to contain 
' 15-40 p.c. of sodium nitrate. The so-called 
‘ tafle,’ found in the neighbouriiood of Maalla 
and Ksneh, on the Nile in Upper Egypt, is a clay 
or shale Ci*ctaceou8 age, impregnated with 
13-18 p.c. of sodium nitrate and about the same 
amouiit of sodium chloride. It has beep used, 

' proba'oly since early times, as a fertilising agent. 

! Similar deposits are also found near Salah in the 
I Sahara. 

j * JUp/rrcncPit. —G. P. Merrill, The Non-Metallic 

Minerals, 2nd ed. New York, 1910 ; B. Dammer 
and 0. ’J'letze, Die Nutzbaren Mineralien, Stutt- 
1 gart, 1913, i. 363-384; Estadistica Minera de 
j Chile en 19(16 i 1907, Santiago de (Idle, 1909, 

. vol. ill.; H. S. Gale, Nitrate Deposits, Bull. U. S. 
I Geol. Survey, 1912, No. 523. For references to 
■ the literature, t. F. W. Clarke, Data of Geo* 
I chemistry (Bull U. S. Geol Survey, No. 616), 

I 1916, V. SonnjM. L- J. S 

* The term ‘ cubic nitre ’ Is (hiis inaccurate and 
misleading. A rhombohodron of this angle is readily 
‘ diRtingulshable from a cuboldalform; and further, the 
: dlmoiT)hou3 potassium nitrate exists as a rhombohedral 
modification in addition to the more stable ortborhombio 
mo^firation of prismatic habit. The corresponding 
; orthorhombic modification is not known In sodium 
' nitrate 
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NITRATED OILS v. Oils, Fixed, and Fats I 
NITRATION. The operation of introducing | 
a nitro group, NO^, into a nucleus. ! 

NITRE or SALTPETRE. Naturally-occur -1 
ring potassium nitrate, KNO 3 , crystallised in the j 
orthorhombic system; sp-gr. 2'11. The loss i 
stable rhorabohcdral modification (sp.gr. 2’27),' 
iaomorphous with nitratino, is not known as a 
mineral. Those two modifications of potassium 
nitrate sliow remarkably close crystallographic 
relations to the dimorphous forms of calcium 
carbonate—calcite and aragonite. As a mineral, 
nitre shows no very distinctive characters, and 
it is never found as well-formed crystals. Al¬ 
though of wide distribution, it occurs somewhat 
sparingly as an efflorescence, consisting of deli¬ 
cate hairs aggregated in silky tufts. It is 
always of recent formation, and results from 
the "bacterial decay of nitrogAous organic 
matter of vegetable, or more often animal, 
origin. The efflorescences are often found on 
rook surfaces (hence the name sultpeirc,^ from 
the Latin ml, salt, and pdra, rock), usually in 
caves and undet Icdge.s where jmitected from 
the weather. Although soinelimos found associ¬ 
ated with rocks ri(h in p<ilassium (t.f/. in the 
Icuoite rocks of the ivcueik' Jlills in Wyoming), 
the reverse is mon^ often the case. In fact, it is 
more usually found in liinestonc caves, c.f/. in 
the Mammoth Cave in Koutueky. In <lty 
climates it exudes from the soil; and m India 
it IS systematically collected by the nat.ive.s. 
mainly around the villages in the Behar district in 
Bengal. Here it is formed indirectly by human 
agencies : urine mainly supjiUes the nitrogen, 
and wood-ashes from domestic fires the po¬ 
tassium. About 20,00(1 tons of partially refined 
nitre arc exported annually from India. 

Ikjcrvnces. —H. S. Gale, Nitiate Dejiosita, 
Bull. C.S.Geol. Survey, 1012, No. 523; Nitrates 
(1913-1919), Imp. Mill. Res. Bur London, 1920 
V. Potassium. L. J. S 

NITRE, CUBIC, V , Sodium and Nitkatink. 
NITRENES. Compounds of the type 
R,C:N:CB., 

1 comparable with the allenes 

R 

R 2 C : C : Oils (c/. Staudiiigcr and Miescber, 
Helv. Chim. Acta, 1019, 2, 664). • 

NITRIC ACID. MANUFACTUI^ OF. See 
art. Nitbookn. 

NITRIFICATION v. Soils. 

NITRILES. Prussic acid, being taufomerie 
in character, gives rise to two classes of esters, 
the normal cyanides or «ilriles and the isoryaw idc 6 “, 
UonUrihs or carhylani / n • 

The nitriles all contam the — C—N gnjuj), 
and they can bo regarded either as hydrocarbons 
with one hydrogen atom replaced by the CN 
group, or as acids in which the CtM)H group^ has 

been converted into the ON group ; e.g. CH^CN is 

known either as methyl cyanide or as acetonitrile. 
The nitriles were discovered in 1834 by Pelouzo, 
who obtained propLonitrilo by distilling barium 
ethyl sulphate with potassium cyanide. 

Methods of preparation.—(a) Ahphahc 

nitriles. , , , , ,, 

( 1 ) By heating alkyl halides (preferably 
iodide) with potassium cyanide in alcoholic 
solution at 100 ®. • 

1 The name nitre is derived from the ancient ^'«Tpo^, 
soda (t>. Nateon). • 


(2) By distilling the salts of alkyi-sulphurio 
aoi^s witn potassium cyanide. (In each of these 
methods a little wooyanide is also produced.) 

(3) By boating alkyl tsocyanides to 260*^. 

(4) By treating cyanogen chloride with zinc 
alkyl. (<n the above four methods the carbon 
chain is lengthened.) 

(5) By the dry distillation of the acid amide 
or of the ammonium salt of the acids with phos¬ 
phorus pentoxide or other dehydrating agent. 

(fi) By passing? the acids together with a 
stream of aranionia through a red-hot tube. 

(7) By conveiii*ig the aldeliydes into 
flldoximes, which are then dehydrated by 
acetic anhydndi'. 

( 8 ) By treating primary amines containing 
more than five carbon atoin.s with potassium 
hydroxid(! and bromine. . 

(b) Aroiuatic nth lies. By methods 3, 5, 
and 7. • 

(4) By diazotising a primary aromatic amine 
aiul decomposing the <liazo- chloride thus formed 
with euprou.s cyanide or with j^otassium cyanide 
and copper sulphate. 

(5) By the action of potassium hydroxide 
and bromine on the primary arylalkylamincs. 

((i) By distilling the aiuds with potassium 
or lead thiocyanate. According to Reid (Amer. 
Ghem. .lourn. 1910, 43, 182) this method serves 
wcdl for the preparation of ah])hatie nitriles if 
the lead iluucyanati' be mixed with the lead or 
zinc salt of the fatty acid, or if instead of lead 
tliioi yauate, a mixture of lead forrocyanide and 
sulpliur be usixl. 

(7) By replacing the hydrogen atoms of the 
hydrocarbons directly with - I’N by passing 
cyanogen ink) the boiling hydrocarbon mixed 
with aluminium chloride. 

( 8 ) By desulphurising the mustard oils wdth## 
metallic copper. 

(9) By heating the diarylthioureas with zinc- 
dust. 

(10) By distilling the formainlides with 
atrongshydnxshloric acid or w’itli zinc-dust. 

(11) By distilling the alkali benzene solpho- 
nates with potas.sium cyanide or with potassium 
fecrocyanidc. 

Properties {aliphatic and arouMhc ).—The 
nitriles arc colourles-s volatile oils of weakly 
basic character which have an ethweal odour, arc 
not very soluble in water, and distil unclianged. 
They possess toxic properties. They are easily 
hydroiised by acids or alkalis into ammonia and 
the corresponding acid, the temperature required 
to effect this change being higher in the aromatic 
than in the aliphatic series. If an alcoholic 
solution of hydrocliloric or sulphuric acidj^ used 
to cairy out the hydrolysis, the ester is produced. 

In this case the tnjile’lmk between carbon and , 
nitrogen is completely destroyed, but there are 
many instancc-s in \i4iich the nitriles behave as 
unsaturated compouuils, the reactions being 
additive. Thus mtriles, when heated with 
water at 180®, or when treated with alkaline 
hydrogen peroxide at 40°, combine with a mole- 
ciile of water to form acid amides Similarly with 
acids they form diacylamincs ; with acid anhy. 
dndes, tnaeylamines; with sulphuretted hydro¬ 
gen, thioamides; with hydroxylamine, ami- 
doxiraes; with nascent hydrogen, amines 
(MenHms Reaction); with hydrochloric acid, 
imino-ohlorides orirniino-ethers, depending on the 



536 


NITRILES. 


which should result from methyl nitrolio acid is 
converted into fulminic acid 


HC 


^.NOH 


HC=-N 

Y 


C:NOH 




use of aqueous or alcoholic solutions. The 
Grignard reagent forms additive compounds 
with nitriles, and from these, by the action of 
dilute acids, ketones may be obtained (Blaise, 

Corap. rend. IDOl, i:«, 1217) 

U-CN+R'MgX=|J,>C: NMgX 

^->C;NMgX+2H,0 
It 
It 

In common with other unspiurated coinpouii<ls, 
the nitriles form polymerisation pioducts. By 
treatment with sodium (or sodaniide) in ether, 
bimolecular indifTerent .substances are produced : 
thus acetonitrile yields the immo-mtrile of 
CUg-C^Nlf 

acetoacetic acid | . On treatment 

CHuCN. 

with sodium in the absence of any solvent, 
trimoleeular eotnpounds are ])roduc(*d; in the 
ease of the aliphatic senes these are strongly 

bMic sutetancos, ammo.|.yrimidinos. ! ,,„t^ssium eyan.de and coiipcr sulphate (Sand- 

nitrile yielding anuno.mrthyhdiethyl-pyriimdine I .iid. 2563); by dislclliiig benzole acid 

CoH- [With potassium tliiocyanate (Letts, ibid. 1872, 


Benzonitrll 6 , Vhcnyl cyanide, CjHj'CN occurs 
j ill coal tar oil (Kramer and Spilker, Ber. 18fK), 

! 2 tb ft may be ])repared by the prolonged 

1 heating of ]>henyl i.socyamde at 200 ^- 220 ° 
i (Woith, Ber. 1873,' 0, 2J3); by the dry distilla- 
j tion ot ammonium benzoate (lelilmg, Annalen, 
•41), IM); or by distilling the aqueous solution 
with baryta (Laurent and Oerhardt, J. 
1840, 327 ; Wohler, 2 \mialen, 102, 3()2), limo 
(Anschutz and Schultz, ibni. lOO, 48), ]}liosphoru 8 
I«‘ntoxuie (Biickton and Holmann, ibid. 100, 
115), pho.splibrus jicntaelilonde (JHenko, ibid, 
BK), 270 ), or jihosphorus pentasulplmk! (tienry, 
Ber. J 8 (> 0 , 2, 307); by distilling benzakloxime 
with acetic anhydiide (Lach, ibid. 1884. 17, 
471); by diazotismg aniline, and decomposing 
the diazobenzene chloride thus formed with 


0 


CH 


/ 

.•c 


I 


ll.NO CU.H, 

\/ 

N 


673); by })aasing cyanogen into boiling ben¬ 
zene m the presence of .iilnnnnium chloride 
[ (Desgrez, iiull. Hoc. chttn. [iii.] 13, 73.'>): by 
; lieating benzene and cyanogen cliloiide or 
bromide in the jiresenec oi aliiiiiiiiiiiin chloride 
(Knedol ami Crafts, Aim. Cliiin. J'bys Ivi.J 1, 

I 528 ; -Merz and Weitli, Bci. 1877, 10 , 7f)(i); by 
tlio interaction ot jiotassiiini fulminate and 
j benzene m llic presence of aluniiimiiii chloride 
; (Hcholi, Her. 181W, 32, 34i»(i;; by treating 
I jiotassium benzoate wilb cyanogen bromide 
(Caliours, Annalen, 108, 310); by desiilphui'iBing 


{v. PYBMinrNES), while the aromatic iiitrilo.s yield 
cyanune compounds eoiltallliilg the tricyaiiogen 
ring. From dicarboxylic aeids two nitriles 
can bo produced, the lialt-nitnk* or mtrilic acid 
and the dimtrilo, c.ij. imilie acid yields the | pi,g„yj ,iictallie copper (VVeitJn 

dmitrile, oxalonitrilc, which IS dieyanogen, and I 213); by distilling formanilido 

the half-mtrile, oxalomtrilie acid, winch is; „t[.,,uni of hydrogen over healed zme 

cyanoformic acid, and is known only in the ; ((jusioruviaki and Meiz, ibid. 1885, 18, 1002); 
form of esters. Hiimlarly phthalic acid, yields . py heating potassium benzene 8 ul]ihoiiate 
the dinitrilc, phthaloiutrilo and llie liiilf-mtrile ) Zeitsch. (iliem. 1808, 33), or triphenyl- 

o-oyanobenzoio acid, which on healing changes j phosphate (Scrughan, Annalen, 02, 318; Hei'iii, 
into phthalimide (a. 1’hthauo acid). For ; j^-r, 1883, 10 , 1771) with potassium cyanide; 
individual aliphatic nitriles, v . arts. Mkthyl, : py ..treating bonzaiiiidc, potassium cyanato or 
Ethyl, &c., and acids from winch they are i thiofvanate with benzoyl chloride (Linipncht, 
derived. Asuyiesof eomiiouiids known asmtiile , ijg_ . yohifl, ibid. 101 , 33 ); by 

oxides, and formulated as H'C=N has been i heating chloro- or brumobenzeno with potassium 

I ferrocyamde at 400“ (Merz and Weith, Bor. 

! 1875, 8, 918 ; 1877, 10, 749); by heating iodo- 
obtained (Scholl, Ber. ISKll, 34, 805; Wiclaml' henzeiie and silver cyanide at 300“ (Merz and 
and Semper, Annalen, BIU7, 358, 30), and in the . ychcliiberger, Ber. 1875, 8 , 1030); by treating a 
trimoleeular form are jiroduced by the si>on-! hn,mobenzene and cyanogen chloride 

taneous decomposition in solution of the alkali ethereal solution with sodium (Klason, J. pr. 

Ohem. 1 ii.J 35,83); by the interaetion of ethylene 
dioyamde and benzoic acid (Matthews, J. Amer. 


salts ?/. mtrolic acids 

3R-C(: N0H)-N02=3HN0j-|- rR'C 


rlt'C^N 1 

[ yJ 


\ Chem. Hoc. 1*98, 20, (iSO); by heating hippuric 
„ I acid either alone or better with anhydrous zinc 
„ ... ... I* ■ 1 1 .. eliloride at 240“ (Limprielit and Uslar, Annalen, 

Ben^nitrUe oxide is readily obtained by the | 100,74); bypassing 

elimmation of hydroehlor.e acid from ; d.methylamUne through a heated tube (Nietzki, 

hydroxrmic chloride C,ILt-(; N0H)-U. i jp j, interaction of 

As a class the mtrile oxides readily poly- itenzoie anhydride 

mense to furoxans, thus benzonitnlo oxide is i ,g 9 P 29, 1635). 

transformed into diphenyl furoxan j ji„„^„nitrile is a colourless oil, having an 

2 CoHjC=N -C'CjHj 'odour resembling that of bonzaldehvde, b.p. 

\/ II i>0 ' 190*7^ (corr.), sp.gr. i-OlOl at (Perkin, 

0 N—0—N « Chem. Soc, Trans. 1896, 1244; Kfipp, Annalen, 

whilst on the other hand the furiuouitrile oxide i 98, 37i3), m.p. —12’9® (Schneider, /eitsch. 
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physikal. Chom. 19, 167): soluble ia alcohol i 
and ether, and in 100 parts of boi^ng water. ] 
On boiling benzonitrile with potassium hydroxide j 
it is hydrolysed to benzoic acid and ammonia, j 
while % digesting it for many hours with dilute | 
potassium hydroxide at 40°, benzainide is pro¬ 
duced (Kabaut, Bull. Soc. chim. fiii.] 21, 1075). : 
Benzylamme is formed by reduction with alco-1 
holic hydroc}ilt<ric acid and zinc (Mendius,; 

• Annalcn, 121, 144). According to Sabatier and j 
Sendcrens ((Vimpt. rend. 1905, 140, 482),' 
hydrogenation in the pre.senee of reduced nickel 
at 2(K)“ yields t<iluene and ammonia; but, 
Frebault 1030) states that by embedding 1 

the nickel in iron filings to ensure an oven , 
temperature, at 250° the products arc bcnzyl- 
amini', dibcnzylainm(‘ and possibly a trace of , 
tribenzylamme. (ihlorine in tlio presence ol j 
sunlight yields benzonitrile hexaRhlonde (Mat- , 
thews, (Jhem. Soc. Tians. 11)00. 1273). Forms i 
compounds witli antimony haloids and other ; 
metallic salts. j 

Jienzonilrilc r. W’leland, Brr. 1907. 40, i 
1007; Werner and Buss. Her. 1S94, 27, 2193. j 
Addition cojtijiounds with ](latnjtius chlojide, r. I 
Hofmann and Bugge, ihid. 1907, 40, 1772;' 
Itamberg, ihid. 2578. ^ 

The i.s-ocyanides (^<uitain tlic grou]) —N=0 
(Ncf, Aniialen, 1892, 270, 207 ; 189.5, 287, 20.5) 
^J’lu'V More tinst piejiaicd in 1800 by (-lautici 
by treating alkyl iodides with silvci cyamde. 
Latov Hofmann obtained tlu'm liy the interaction 
ot potassium hydioxule, (diloroform and jinmary 
amines. They aie also lormetl in small quantity 
in some (*f the methods tor jircimring the nitriles 
{v. supra). 

'Pho i.wcyanides are colourless, volatile 
liquids, having a most disagi'eeable odour, and 
ar(! readily soluble lu alcohol and ether, 8])aring!y 
HO in water. Though tlie Mocyanides arc not 
basic, yet they combine with hydrochloric acid 
in ethereal solution to form (;om)inunds ol the 
type 2K'NI',3Ht’l, but these substanec.H aie 
unstable to water. The woeyamdes are more 
easily hydrolyaeU than the nitriles, dilute uoids 
or water at 180° efiooting tins, the })rodm-tH being 
formic acid and primary amines. They an* 
stable to alkalis. (Uacial acetic acid conAicrts 
them into alkylformamide.s by the addition of 
one molecule of watci. On reducUon tliere are 
formed secondary amines, one of the groups 
being methyl. As a class they arc characterised 
by the formation of nchbtion eompounefc; thus, 
when heated with sulphur at J.30'T\ they .VK;ld 
mustard oils; with hydrogen sulpliide at l()0°(k, 
alkyl thioformamidcH ; with acid chloride# the 
amide-chlorides of ketonic acids. On oxidation 
with mercuric oxide, i.sooyanic esters arc pro 
duced On the constitution of the wnitriles, 
see Nef (Annalon, 1892, 270, 2(iP; 1894, 280, 
291; 1809, 309, 154). 

Alkyl i.socyanides v. arts. Methyl, Ethyl, &c. 
» Phenyl wocyanlde, Fhen/jUkfrbiilamine 


carbon tetrachloride, hexachlorethane, bromo- 
forjn, iodoform, or chloral on phenyl hydrazine 
in the cold (Brunner and Vuilleumier, Chem. 
Zentr. H)08, ii. 688). 

Phenyl i-weyanide, when freshly prepared, ia 
a green liquid ; after a few minutes it changes to 
a pale blue, then to a dark blue liquid, and 
linaily, after some months to a bitiwn rosin, 
b.p. i(>5° (witli dccoin]iosition), sji.gr. 0-9776 at 
15°/15^. By jmssing dry hydrogen chloride into 
a dry ethereal solution of jihenyl i-soeyanide 
the hydrochloride 2<VH6'NC,3H(’l is formed; 
this IS decomjioscd* by Avutcr (Nef. Annalcn, 
^270, ,303). ]fy jiassin'g chlorine into the dry 
etherenl solution a cliloridc is obtained; this 
clilonde caq also be pnqiared by jiassmg chlorine 
into jilienyl mustard oil (Nef. ilnd. 282), and on 
treatmeiil with water at KKf, .‘fyw-dijihenylurea, 

! caibon dioxide, hydiochloric acid, and aniline 
i aio tlu! jiroducts. Bromide, v. I^engfield and 
i Stieglilz, Amer. C^iem. J. 17, 101. Phenyl 
j i.socyanidc is readily hydrolysed by dilute acids 
i into aniline and foiniio acid. Hlacial acetic 
I acid ouiiverts it into torniaiulidc, and a trace of 
I acetanilide; thioactTie acid yields acetanilide 
' (Pawlewski, P>cr 1899, 32, 1425). It combines 
' witli suljihur, yielding phenyl mustard oil 
1 (Weilb, ihid. 1873, ti, 210) ; with suljiburetted 
I byiliogi'ii it yicbls tbiofornianilide. Jiy heating 
j jihenyl nsocvanidc at 200°-220'', benzonitrile is 
! prodiiccil (Weith, ibnl. 21.3). Addition com- 
' pounds with platinous chloride, t. Hofmann and 
! Bugge, Ber. 1907, 40,1772; Kamberg, ibid. 2578. 

I /3-NITROANILINE RED r. Azu- colouiunq 

i MATTERS. 

1 NITROANILINES. By the direct nitration of 
aniline, n mixture of o-, in-, and p-nitroanilines 
' is jirodiiced. Aniline is dissolved m 0 1.0 8 tiince 
1 the calculated quantity of nitric acid, mixed*^ 

^ w’ith an equal volume of eulphune acid, the 
! tcinjierature being kcjii below (>”. The liquid 
I is jioured on to lee, and diluted vuth ice-w’ater 
until o-nitroaniline ceases to be jirecipitated. 
i After*filtration, tlie licjuid is neutralised with 
' sodium carbonate, and the in- and p-nitro- 
! anilines separated by fiactionul jirecipitation, 
p-nitroamline being ^rst jirecijntated os a 
i yeilowjsb-brown jiowder, and then the m- com* 
i pound, which i« pure yellow (Nietzki and ^ 
Benckiscr, Ber. 1885, 18, 295* Pinnow and 
Muller,1889,24,150; Bruns,1896,28, 
1954). According to Holloman, Hartogs and, 
van der Linden (Ber. 1911, 44, 704), in the direct 
nitration of aniline the jiroduct consists mainly 
i of the 7>- compound, with smal! quantities of the 
I 0- conipound, modified by the presence of aniline 
i sulphate, which leads to the formatioi^pf the 
! in- product, and of the intermediate formation of 
j phenylnitroamiac, which gives rise to o-jjitro- • 
aniline. For an examination of Holleman s 
method of estiraatirife the relative proportion of 
the three isomendes in a mixture, see Nichols, 

J. Amer. Chem. Soc. 1918, 40, 400. 


0.H,-N=C 

may be prepared by. the interaction of aniline, 
chloroform, and potassium hydroxide lu alcoholic 
solution at 50° (Hofmann, Annalen, 144, 117 ; 
Nef, ibid. 270, 274); or by the action of chloro¬ 
form and diy powdered caustic alkali on aniline 
in the abseiroe of any solvent ( Biddle and trold- 
berg, ibid. 310, 7); by the action of chloroform, 


NHg 

o-Nitroaniline may be prepared by 

\/ 

the reduction of o-dinitrobenzene with ammo¬ 
nium sulphide (Komer, Gazz. chim. ital. 4, 306; 
c/. Rinne and Zincke, Ber. 1874, 7, 1374) j by 
I heating o-dimtrob«azene (Laubenheimer, ibid. 
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1878, 11, 1165; de Bruyn, Rec. trav. chim. 
13, 121), o-nitrophenol (Merz and Ris, ^er. 
1886, 10, 1761), o-nitroanisole (Salkowski, 

Annalen, 174, 278), or o-bromonitrobenzene 
(Waller and Zincke, Bcr. 1872, 6, 114) with 
alcoholic ammonia; by heating o-nitro()enzani- 
lide with dilute sodium hydroxide (Hiibner, 
Annalen, £08, 278; Lellrnann, ihid. 221, 0); 
by treating an aqueous solution of o-phenylene- 
diamino with sodium peroxide (O. FischCr and 
Trost, Ber. 1893, 26, 3084); by treating 
oxanilide with strong suljihune acid, nitrating 
the oxanilidedisuljihomc a(<*d thus formed, and 
decomposing the (linitro-oxanilidediHuljihonid 
acid by boiling with water (WuHing, J). K. PJ‘. 
05212, 60000; Frdl. iii. 44, 46). It is manu-; 
factored by grailually adding 40 kilos, of 
acetanilide to 80 kiles. of sulphuric acid (66'^B6.) i 
with constant stirring, and keeping the tempera- j 
turo below 60°. A mixture oL36 kilo.s. of nitric ' 
acid (36°-37^'B6.) and 40 kilos, of sulphuric acid 
(06°B6.) 38 then run in, the temperature being 
kept between 40° and Next day the [ 

liquid is poured into 200 litres of hot water, '\ 
0 - and p-mtroacetanilido being ])recipita(od. The 
uitroacetamlides arc deai'etylated by heating an 
aqueous suspension with Rteam until completed 
solution occurs; the liquid is cooled to 50° ' 
and then poured on icd", o-mtroamlme benig pre¬ 
cipitated. The n- compound is obtained diy 
adding IHO kilos, of soda lye {3()°l?c.) to the 
mother liquors and cooling with iee; yield ' 
26 p.c. ortho- and 60 p.e. para- (Pokorny, ■ 
Bull. Soc. Ind. Mulhou'=<e, JK94, 280; Turner, j 
Ber. 1892, 25, 985; Meldola, Cbom. »Soe. Trans. ; 
1883,427; Kbrner, tlazz. ehim. i(al. 4, 305). I 

o-Nitroamlmc crystallises in <u'ange-yellow | 
needles, in.p. 71'5°; I litre of water dissolves j 
S’256 grams at 25°; dielectric constant (u. I 
Lowenherz, Zoitsch physikal. ('hem. 25, 407). J 
Electrolytic reduction iii sodium carbonate solu- ' 
tion yields o-phcnylenediaimnc (Hohde, Zcitsch. | 
Elektrochera. 7, 330); this can be also effected 
by boiling with zinc and water. By boiling : 
with ethyl chlorocarbonate, o-nitrophenyl- 
ui'ethane is produced (Uudolpli, Ber. 1889, 12, 
1296), and with phtli^lio chloride o-nitroph- 
thalanil is the product (Pawlewski, ibid. 1896, 
28, 118). 3-chloro-6-mtroaniline (f. Bad. Anil. 
Soda Fab. 1). R. i’. 20(5346; Chem. Soc. Abstr. 
1909, i. 297). 

NH, 

m.-Nltroaniline may be Jirepared by 

the reduction of ja-dimtrobenzcnc with ammo¬ 
nium sodium sulphide (Muspratt and Hof¬ 
mann, Annalen, 67, 215; Kdrner, Gazz, chim. 

• ital.,4, 306 ; Beilstcin and Kurhalow, Annalen, j 
176, 44; Golxmzl, (’hem. Zeit. 1913, 37, 299) 
(for details, are Cain’s Mhnufacturc of Inter-' 
mediate Products for Hyestuffs) with .stannous 
chloride (Anschutz and Heuslcr, Ber. 1886, 19, 
2161), or with iron and sulphuric or hydro¬ 
chloric acids (Wulfing, 1). R. P. 67018; Frdl. 
iii. 47); by treating w-nitrobenzanilide with ' 
dilute alkalis (Hiibncr, Annalen, 208, 278); 
by treating an aqueous solution of wi^hcnylene- 
diamine Mith sodium peroxide (0. Plscher and 
Trost, Ber. 1893, 26,3084); or by adding aniline 
nitrate to sulphuric acid at low temperature 
4 1 (Levinstein, 1). R. P. 30B89>). 


m-Nitroaniline crystallises in large yellow 
needles, ra.f). 1124° (Hiibner, Annalen, 208,298), 
b.p. 285°, sp.gr. 1*430 (Schroder, Ber. 1879, 12, 
663). Soluble in hot water and the usual 
! organic solvents ((.-anielley and 'Thomson, Chem. 

: Soc. 'Trans. 1883, 786). Electrolytic reduction in 
; alkaline solution yields w-azoaniline (Elbe and 
! Kopp, Zoitsch. Eicktroebem. 1896, 6, 108; 

' Wiilfing, I). R. i^. 10H427 ; Chem. Zentr. 1900, i. 
1176); reduction with sodium stannite in alkaline 
solution yields diwuVadiaminoazoxybenzen© 
(Meldola, Chem. Soc. Trans. 1896, 7), and in hot 
alkaline solution w-azoxyanilme is formed 
(I*oiriicr and Roscnstiehl, I>. K. P. 44U46 ; Frdl. 
11 . 436). By boiling with phthalic chlonde, m- 
nitro))hthalaml is produced (Hobreff, Ber. 1895, 
28,939; Pawlewski, 1894, 27,430 ; 1895,28, 
1118). For metliylation, Ktaedcl and Bauer, 
ibid. 1886.19,*i939 ; chlorination, v. Kornerand 
Contardj. Atti K. Accad. Lincei. 1909, [v.] 18, 
i. 93; brominalion, ibid. 1908, [v.] 17, i. 466; 
iodiiiation, ibid. ii. 679). 



p-Nllroaniliae 1 | may be projiared by 

\/ 

NO., 

heating p-nitrojihenol (Merz and Kis, Ber. 
1880, 19, 1753), or 7 )-ohloronitrol)eiizcne (Engel- 
hardt and Latsehinow, Zoitsch. Chem. 1870, 
2.32; Clayton Aniline Co., 1>. R. V. 148740; 
Clu'in. Soc. Abstr. 1904, i. 393) with strong 
aqueous ammonia; hy boiling p-nitrobenzanilido 
with dilute potassium hydroxide (Ilubner, 
Annalen, 208, 278); by oxidising p-uitrosoani- 
lino (0. Fischer, ibid. 2H(i, 154); by treating 
an aqueous solution of yi-phonylenediamiiie 
with sodium j)croxide (0. Piselicr and 'Trost, 
Ber. 1893, 26, 3084); by nitrating benzylidine- 
amlinc with equal (juantities of sulphuric and 
nitric acids, and dissolving out the product with 
water (Bayer and Co., i). H. P. 72173; Frdl. 
ill. 48); and by nitrating acetanilide (r. o-2^itro- 
(oiihni ) {rf. Muller, (^bem. Zeit. 1912, 36, 1066). 

7 >-Nitroanilinc crystallises in long ycDow 
needles, m.p. 148*3°; sp.gr. 1*424 (Schroder, 
Ber. 1879, 12, 6(53); readily soluble in hot 
wat^r and the usual organic solvents (Camelley 
and .Thomson, Chem. Soc. Trans. 1883, 786). 
Elcoirolytie ^reduction in tlie presence of sul¬ 
phuric acid yields p-dianimobenzene sulphate 
(Noyes and Donance, Ber. 1896, 28, 2349), 
^but in<'the presence of sodium carbonate p- 
phcnylcnediamino is the product (Rohde, 
Zoitsch. Eliktrocheni. 7, 339). p-Phonylene- 
dirtiliine is also formed by reduction with zinc 
and. water, by trentment with hydi-ogen in 
presence of finely divided nickel, or with hypo- 
sulphurous acid (Goldberger, Oester, Clhem. 
Zeit. 3, 470).# By heating with ethyl chloro- 
oarlionate, p-nitro]>henylurtthane is formed 
{Hager, Bcr. 1884, 17, 2626); and with phthalic 
chloride y>-iiitrophtbalanil (i)obreff, ibid. ]8f6, 
28,939; Pawlewski, »6Mf. 1894, 27, 3430; 1896, 
28, ]U8). 

For chlorination, v. Fliirscheim, Chem. Soc. 
Trans. 1908,1772; oxidation with hypochlorites, 
Bayer & Co., B. R. P. 83625; Frdl. iv. 1017 ; 
AZO- derivatives of the nitroanilines, v. Azo- 
coLqjtTRiNa matters; constitution of the nitro- 
anilines, v Hirsch, Bcr. 1903, 36, 1898 ; absorp¬ 
tion spectrum, t*. Baly, Edwapds and Stewart, 
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Chem. Soc. Trana. 1906, 614; mercury aalta, v. 
Jackson and Peakes, Amer. Chem. J. 1908, 39, 
687condensation products with chloral, v. 
Wheeler and Weller, J. Amer. Chem. Soc. 1902, 
24, 1063. 

NH, 

2: S-Dlnitroanilinef maybe prepared 

IJno, 

by heating 2 : S-clinitroacetuiulide with sulphuric 
acid (Wendcr, Gazz. chim. ital. 10, 22<)); orange- 
yellow needles, m.p. 127° ; soluble in alcohol. 

NH^ 

2:4-DInitroaniIine I may bo prepared 

\/ 

NO, ^ 

by heating 2:4-dinitroauccinanil (Oottlieb, 
Annalen, 85, 24) or 2:4-diiiitroacetaiiilide 
(liudnew, Zeitsch. Chem. 1871, 202) with potas¬ 
sium hydroxide; by heating l-ehloro-2 : 4- 
dinitroboriwuo {Rng«'lhardt and LaCsohinow, 
ibtd. 1870, 223), l-bioTno-2:4-dmitrobeiizene 
(Clemm, J. })r. Chem. lii.j 1, 145), 2; 4-dinitro- 
anisol {Saikowski, Annalen, 174, 203), or 2:4- 
dinitrophenol (Barr, Ber. 1888, 21, 1542) with 
alcoholic ammonia. Yellow crystals, m.]). 170“; 
insoluble m w'ater, soluble in alcohol and ether. 
On reduction with ainruoniuin Hulj)hid<s o- and 
7>-nitrophenylenedianuiies arc jiroduccd (Kehr- 
mann, Ber. 1805, 28, 1707); by boiling with 
alcoholic potassium cyanide. 2 : 4-dinitroamino- 
phcnol is formed (Lippmann and Floissncr, 
Monatsh. 7, 05), and witli polas-sium hydroxide, 
2:4-dinitr('phenol (VViUgcrodt, Ber. IK7(>, 0, 
070). For derivatives, v. Jaeger, Proc. K. Akad. 
Wctensch. Amsteidam, JlKhi, 0, 23. 


NH, 


2:5-DinltroanUine 


/ 


iNO, 


NOA 


may bo pre¬ 


pared by heating 2 ; 5-dinitroacetanilide with 
sulphuric acid (Wonder, Gazz. chim. ital. 10, 
233); orange-yellow needles, m.p. 1-37“; readily 
soluble in alcohol. 

NK, 


2:0-Dinitroaniline 


NO.r 


^Nti, 


may be pro- 


yellow needles, m.p. 169® ; soluble in alcohol and 
e^her, almost insoluble in benzene. 

NHg 

2:4:6-TrinitroanUine, Piemmide^^^' 1^^* 

• \/ 

K0» 

• * 

may be prepared by heating l-chloro-2: 4 : 6- 
trinitrobenzene with ammonia (Pisani, Annalen, 
02,320) or by nj^traling o- or p-nitroanilines (Witt 
and Witte, Ber. 1908, 41, 3090); dark yellow 
needles, m.p. 188“* By reduction with tm and 
hydrochloric acid 2:4: G-triaminophenol is 
formed (Hepp, Annalen, 215, 350; Saikowski, 
ihid. 174, 2t>l). By heating with potassium 
hydroxide, picric acid is produced {q.v.). 

NH» 


2:4: 5-Trinltroaniline 


NO. 


NO, 


is ob¬ 


tained by nitrating m-nitroacctaniUde (Witt and 
U'ltte, l.fX in.I). 18:r. 

NH, 

2 : ,3 ; 4 : 6-Tetranitr08nillne pO, 

• *\/NO, 

NO. 

prepared by nitratinu wenitrcanihiie, 2:3- or 
2:4-dinitrcaniliiies (Flurseheim and Simon, 
Chem. Soc. l‘roe. 1910, 81); yellow crystals, 
m.p. 212°. 

4-Nitroaniline-2-sulphonic acid 

80,,H 

NII,< 

Prepared by heating 2-chIoro-5-llitrobenzene 
sulphonic acid with alcoholic ammonia at 120°- 
140°, thus forming tlie ammonium salt (Fischer, 
Ber. 1891, 24, 3789). 

#NitroanUine-3-suIphonic acid 


Nit 




SO.H 


NO. 


pared by he.ating 2 : 6-diiiitroanisol (Sillkoweki, 
Annalen, 174, 273) or l-iodo-2 : O-dinitrobcnzene 
(Kroner, J. 1875, 315) with alcoholic aminoiiia ; 
yellow needles, m.p 138°; soluble in alcoRol. 

NH, . 

/\ ■ 

3:4-DinltroantIlne I may be prepared 

NO. 

by heating 3 : 4-dinitroacetaiiilide with sulphuric 
acid (Wender, Gazz. chim. ital. 10, 233); citron- 
yellow needles, m.p. 154°; eolnhle in alcohol, 
almost insoluble in ether. 

NH. 

/\' 

3: S-Dlnitroaniline jjo.i^^NO, I”'®" 

pared by riduoing 1:3: 6-trinitrohenzene with 
ammonium sulphide (Bader, Ber. 1891,24,1653); 


Formed by boiling sodium jictanilate with • 
acetic acid, dissolving in sulphuric acid, cooling 
and .adding a cooled mixture of nitric acid (sp.gr. 
1'385) and sulphuric acid, pouring on to ice and 
separating the product. Yellow needles, 
sparingly soluble in cold water and alcohol 
(Kger, Ber. 1888, 21, 2579). 

o-NlTROANISOLE ^NO.. Obtained 

0-Cll. 

by methylating o-nitrophenol (Jansen, Chem. 
Zeitsch. 1913, 12, f71), or by acting on o-chloro- 
nitrobenzene with sodium hydroxide and methyl 
alcohol (Brand, J. pr. Chem. 1903, ii. 67, 146). 
NITROBENZALDEHYDES v. Benzaldh- 

HYDE. 

NITROBENZENE v. Benzene. 
NITROCALCITE. A mineral consisting of 
hydrated calcium nitrate, Oa(NOj)2+nHjiO, 
probably identical with the artificial monoolinic 
salt (?a(N03)2,4H20 (ap.gr. 1*90). It occurs, as 
an •efflorescence of white silky fibres, and is 
I usually found in Nmestune caves in association 



NITROCALCITE 

.^uiiue war of 1 Eranke and Fiiike, Eng. Pat. 10718, 1912; 

the Hoore of the Mammotjli j Cyanid-Gessell. D. R. P. 218071,1912), or letter, 

v.u.,v ... and the Wyandotte Cave in 1 mixed with ammemia gas (Lupton, (-hem. News, 

southern Indiana was systematioally leached I 1870, 90), or with hydrogen (Hulett, J. 

for the manufaetul'C of saltpetre. The mineral | Amor. Chem. Soc. 1900,27, 1^1^)* . 

is also reeonled from Hungary and Spaili, and i (4) By absorption with alkaline pyrogallol 
I said to be abundant in eaves in Venezuela. ■ (Liebig, Annalen, JS.51, 77, 107). 
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with nitre (7.V.). During the American war of 
1812 the earth on 
Cave in Kentucky 


It is 8ometiiae.s seen as an ellloresoenee on tlio 
walls of stables (‘wall-saltpetre’). (Calcium 
nitrate is now manufactured on a largtr scale 
Irom atmo3])heric nitrogen for iwe as a fertiliser. 

V . Calcium. B- d. H. 

NITROCELLULOSES r. l<ku>i.osivKs. 

NITROCINNAMIC ACID e. ('innamic acid. 

NITROCRESOL r. Kmi(iinn-;N(>i.s and tiikik 
llOMOLOOUES. ' saturated solution oi 

NITRO DYES r. Ai'han i ia ; Naputiial-ene ; ; commercial am monuim 
and PicKic ACID. •> 

NITROFORM. 'JVtraiutiometh.ine, r. Ace¬ 
tylene. • 

NITROGEN. Symbol N. At.^^^. 14-008. 


(5) \Vith copper and aqueous ammonia (Ber* 
tlielot, Bull. Soc. elmn. [li.j 13, 

314). 

An apparatus (‘■ec Fig. 1) for 
obtaining nitrogen from air on this 
principle comprises a reser- 
*voir, A. containing a mixture 
of equal vohiiin's of a 




I eai-bonate ainl aiu- 
i moma of sj).gf. 0-93. 

I The 1i<iuh 1 flows from 
A at a rate controlled 


Nitrogen was diseoverc'tl in 1772 by Jtuilierford, I by tlie surew-clamji, ]> 


J'rofessor of Botany ni tli <5 Hiiivi-isity ol 
burgh. He found that v\h(‘U a small animal \vas 
allowed to breathe an in a eotdined spaei- f'>r a 
time, and the carbon dioxide thereby produced 
removed by absor])tion. a gas still remained 
which was incapable oi supporting res])ii'ation. 
Lavoisier first establislit-d tiie individuality of 
this gas, and clearly demonstrated its eMstenee 
in the atmosphere. From its mea|iae]tv t') su])- 
port life he gave it the name of uzatt ; the name 
nitrogen, denoting t hat tin; gas is an essential 


and encounters a cur¬ 
rent ol air at the 
branch, c, vvliich rrrrrr 
should slope as—*^ A 
shown. The fall- 
tube from A must be 
long criougli to give a 
ju-essure at o such that 


I the volume of solution 
earned up is at least 

V..V. fc,-’ ...1 equal to that of the 

eonstituent of nitre, was 8 ubse(|uent,ly given to it accompanying air with- 
hy Chajital. i ‘>ut danger ol tl>e latter 

Occurrfncc. —Nitrogen in one <'f the most; backing u]> into A. The 
widely diffused of the (dements, and oceuis fii'c* ; air-liquid mixture is dis- 
in the air, of which it eou-stitutes lour-hfth.s by 
"^luine, or, more aeeuratidy, 7H-()I) p.e. (Ledue, 

Compt. rend. 189U, 123, 805). Volcanic gases 
contain considerable quantities of nitri>gen, 
and the air-bladders of eeri.iin fisli<*s, the bone- 
cavities of many birds, as well as the cavities 
of plants, all contain t-he gas in the free Aate. . dried and freed from am- 
It occurs in many meteorites. The nebula? nionia with dilute sul 
consist, ill part, of fn-e nitiogen, and it is eon- 
taiiied in the atniospheiejid tlie sun. 

Nitrogen, in a state of combination with 
oxygen, exists in the air as mine and nitrous 
acids, and, eonthiiuNl with hydrogen, as am¬ 
monia. According to llaylnirst and Pring 
(Ohem. Soc. Trans. 1910, H(i8) nitrous gases are , 
present in the atmospheie in quantities which fcioc. Chtftn. Ind. 
vary from time to lime, and are usually greater ; 33, 788). 
at high than at low altitudes, to the extent of - A modified form of 
about I in 3,000,000. compounds aie'this *-apparalus using 

coriscqn£}itly present in rain-water. Nitrogen , solution of ammonia 
is an essential constituent of animal and veget - , saturated with am- 


: charged ovm- the glass 
1 bell in the to[) of u and 
; descends through the 
j column of co])per clip- 
! juiigs m B. The air, now 
freed from oxygen, is 


phuncacid. The air cur¬ 
rent servo.s to (Uisure the 
continuous circulation 
of thy liquid through 
the apparatjis (Van 
Brunt, J. Amer. Chem. • 
80 c. 1914, 30, 1448; J. 

19J4, .'P 

-t ’ 


■^1 


.ible oi^anisms, and is found in many minerals, I momum chloride has 
but cliiofJy in saltpetre or potassium nitratO; dcMon Ived *bv 13ad- 

and Chile saltpetre or sodiiurt nitrate. 


1 . 


i^EPAJVATiON.—(A) From lha Aimo/*phere. 

(a) By chemical separation of the oxygen 
with some reagent with which it easily reacts— 

(1) By passing air over reduced iron 
(Brunner; Spencer, Eng. Pat 3752, 18G9). 

(2) With hydrogen over platinum sponge 
(Dumoulin). 

(3) Over heated copper turnings (Dumas and 
Boussingault; Welton, Eng.«Pat. 2559, 1879; 


been described *by Bad¬ 
ger (J. Ind. Eng. Chem. 1919, li, 1052; Analyst, 
1920, 32). 

(G) With manganous and ferrous hydroxides 
(Flight, ('hem. News, 1882, 46, 105). 

(7) With iihosphorus. 

in these cases, after jremoval of carbon 
dioxide and water vapour, the gas obtained is 
at tlie most 99 p.c. pure, as the uiert gases are 
still present. 

Aqjfongst the many patents for the production 
of nitrogen on this principle are thole of Frank 
and Caru (nitrogen from combustion gases, c.g. 
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from gas producers, I). R. P. 204882, May 22; 
1907): Eng. Pat. 1«9(>9, 1908; Lance and 
Elworthy, Eng. Fat. 4409, 190«; Riedel, Eng. 
Pat.20631,1909; Braun,Eng. Pat. 226.31,1911; 
Harger, Eng. Pats. 2807.5, 1911 ; 16855, 193 2 ; 
Cyanide Gea. m.b H. (O R. P. 218671, Nov. 25, 
3908 ; 'from air passed over copper in sj^ecially 
designed apparatus), Kassnor(l>. R. PP. 233383, 
and 234849, May 29, 1910, by absorbing the 
oxygen with calcium plumbato,alkali inanganate, 
&c.); and Acker (Nitrogen Co. Now York, Eng. 
Pat. 24413, 1910). 


with pipe d contained in the counter-current 
iaterchanger. The other extremity of this pipe 
is connected to the inlet of the valve box o to 
the outlet of which another jijpe d„ is connected, 
as shown. This pipe is carried upwards and 
cnters*the rectitication column near the middle, 
where it is fitted os shown with a roso-end, 
the function of which v ill bo explained later. 
The coil/j, also shown in the vu]KmHing chamber, 
is connected at one extremity with the pij>e / 
contained in tlfe counter-current interchanger. 
- , The other extremity of tins jiipe is connected to 

The American Cyanamule Co. uses a ‘ copperthe inlet of the v^lve box H to the outlet of 
process for the production of nitrogen, the which another ])i])e is connected, as shown, 
reduction being effected by coke-oven gas in 'J’liis pipe is earned uiiwarrls and enters the 
connection with carbide manufacture. A roi tification column near the top, where it is 
temperature of 450" is employed, giving an fitted, as shown, uilh a rose-end, the function of 
output of 200 cub. ft. per hour fBiicher, J. lud. i * 

Eng Chem. 9, 1917, 233. ; 

(/?) By fractional di.stillation of liquid air. ; 

Tbc bulk of the uueondensed gas is nitrogen, ; 
and the vapour boiling off from the liquid is : 
mainly the more volatile nitrogen, the liquid j 
after standing in a Dewar flask for some tmu^ I 
being practically jiiin* oxygen (r. Stock and ■ 

Nielson, Ber. PJ'Xi, 39, 3393). Nitrog<‘n thus ' 
obtained always contains argon to the extent > 
of about 0*5 ji.c. . • i' 

For the distillation of mixtures of Uquiil i 
nitrogen and oxygon, f’. Baly (Pliil. Mag. 3900, ^ 

[v."! 49, 517), fngliH and Coates (Chem. Sne. 

Trans. 1906, 886), IngUs (Phil. Mag. 1906, fv!.] 

11,640). 

Erdmann (Bcr. 1906, 3t>, 1207) describes a : 
commercial method for condensing large quan- ; 
titles of nitrogen, in practically pure condition, i 

Many forms of ajiparatiis designed for the , 
production of nitrogen by this means have been i 
patented. Of these the be.si known is the 

LeJDK NiTKOQKN ISKI’ARATOR. I 

In the article Oxvoen, Fig. 1 illustrate? the | 

Linde oxygen separator, and in the descrijition 
ot that apjiaratus it is shown 1k>w it is possible , 
to obtain pure liquiil oxygen at the bottom of 
the rectification column, whilst the nitrogen 
vajiours leaving the top of the colnm* can ] 
never contain less than 7 i>.c. of oxygen. •Refer- | 
enco 18 also made to a modificatK^ of the Ijinde ■ 
process due to Olaudo, by means of whiidi snuill 
quantities of pure nitrogen may bo <)))t.aincd 1 
from an oxygen separator. lor the fffodii( ti<« j 
of pure nitrogen in, large quantities, Linde j 

employs a modified construction of his semraior, > 

which is illustrati'd diagrammatically in FTg. 2. 

In this apparatus, as in the oxygen onj* 



which will bo ilcscribcd later.* The short ])ip 
Cj commiinieates at one cud with the top of the 
vaporising chamber and is connected at the 
other end to the ext remity of the pipe e con¬ 
tained in the counter-current interchanger. 

'Pwo gas compressors arc employed in con- 
.. junction With the separator, one working at 
the ^ hurh nressuio and the other at low prejourft. A 


wood and contains in its centre the rectification 
column A, whilst the Iiasc, coni^ructod of wood 
in the form of a’hcxagoii, contains the vapons- 

IZceTa^fpicS S'shffc,/s | so that the com- 

Sle 3ating material ii order to prevent ; 8-- 


oxygon separator (v. Oxygen) may ako ad» 
vantageously be used. This forc-coolcr is kept 
cold by means of*a carbonicuacid or ammonia 
machine, and is iiiteiqiosed oetween the com- 


eompressors f 

thcDcnctmtimi ol heat from the outside, c. is 1 atinospircne temperatures, hccome reduced to 
Ihc Cuter current interchanger, constructed a temperature well below the freezmg-point of 
“ threrof riargc copper spiml i>ipe, and con- , water lieforo they enter the separator. With 
^ three Binfller tfipes of ifterent sizes ! tills preliminary descnption of the essential 
d e and ' ThTverticd pipe o is an extension ! parts the working of the apparatus can now be 
of tile main spiral pipe to the top ot the reptifioa- readily followed. ,,11, * 

fion oo“uK pipe coil d. shown in the ; -There are, asm the case of all such apparatus, 

vaporiing chamber is connected at one.sxtremity i two stages in the forking. 


in 
tabling 
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firsty the preliminary cooling down and pro¬ 
duction of liquid, and stcoTid the separation ,of 
pure nitrogen. 

The preliminary cooling may be effected by 
charging the vapdriser b with liquid air, separ¬ 
ately produced; or air at normal atmifepln^ric 
temperature (or less where a fore-cooler is 
employed) attd at a pressure of about 2000 lbs. 
per square inch is conveyed from the high- 
pressure gas compressor through the small pijie/ 
of the counter-current JiiterehaBger. (Although I 
only one pipe / is shown, Hcveral of these are I 
generally employed.) 1'his tKiiniuesscd air then ! 
passes through the pipe coil /, in the vaporiser | 
B to the inlet of the valve box h. At this point, j 
by the adjustment of the valve ajiindle, the air 
is caused to expand from a hitrh to a low )>ressure 
and is discharged at#this low jiro.ssuro through I 
the rose-ended pipe/j into the top of the rccti- 
lioation column. This exjiaivled air tills the 
column and flows away througli the outlet o 
into the counter-current int-erchanger in a revel hc 
flow to the incommg high pressure air, leaving 
the apparatus through the pipe c. As a brancli i 
of this pipe is coupled to the intake of the high- ; 
pressure compressor, it is obvious thut the same | 
air circulates through the apparatus with a ‘ 
regenerative cooling effect, until a temperature 
is ultimately reached at which the expanded 
air begins to liquefy and collect in that state 
round the coils in the vaporiser u. The quantity 
of liquid thus collected is registered outside the 
apparatus by means of an ordinary coloured 
liquid which is contained in a glass tube ; 
enclosed in a pressure-equalising circuit, as 
indicated. 

When the vajioriser b is nearly filled with 
liquid, the second stage is reached in which the 
^•paratus can bo employed for the continuous 
production of nitrogen. i 

During the production of liquid in the! 
vaporiser b, separation of oxygen and nitrogen I 
has been taking- place, lirst through simple 1 
fractional evaporation, and subsequently thitmgb ■ 
rectification, as fully described under Oxygeh. i 

The nitrogen issuing from t-lie pipe o has also { 
been getting steadily pur^*r in quality owing to 
the fact that it has lieen undergoing continuous 
treatment in an enclosed circuit. Tor the cem- i 
tinuous producthm of pure nitrogen, it is, how- 1 
ever, necessary to introduce a supplementary 
supply of liquid air, and as it is impossible by j 
simple rectification to disengage nitrogen vapours I 
from liquid air with less than 7 p.c. of oxygen, 1 
further treatment of the nitrogen has obviously ; 
to be employed in order to eliminate the residual 
oxygen.^, This is effected in the following 
manner:— 

• Th^ air to be treated is supplied by the 
low-pressure compressor, already referred to, at 
normal atmospheric temperrfturo (or less), and 
at a pressure of about flfl lbs. per square inch 
through the pipe d of the counter-current inter- 
changer. This low-pressure air, thus cooled 
nearly to its temperature of condensation, then j 
passes through the pipe coil dj in the vaporiser 
B, where its latent heat is transferred to the 
surrounding liquid, and it is itself entirely con¬ 
densed, whilst at the same time evaporating an 
approximately equal quantity of the surrounding 
liquid. I'he pressure is then reduced by mekns 

the valve o, and the liquid at atmospheric 


pressure is discharged into the lower part of the 
rectification column through the rose-ended 
pipe dg. It is there rectified by the ascending 
vapours from the chamber b to a content of 7 p.c. 
of oxygen, whilst the liquid descending into the 
vaporising chamber is nearly pure oxygen. The 
nitrogen containing 7 p.c. of oxygen rises to 
the top of the column and is discharged from 
the apparatus through the pipe c and the main 
pipe c of the counter-current interchanger. Now, 
as already explained, a branch of the pipe c is 
coupled to the intake of the high-pressure 
comiiressor. I'urt of the outflowing nitrogen 
therefore ente)‘.s that compressor, and passing 
through the high-preasure circuit in the manner 
alieady described, is liquefied and discharged at 
the top of the rectification column through the 
rose-ended ])ipe This liquid containing 7 p.c. 
of oxygen is, fiei^ording to llaly’s experiments 
(e. I'lg. .3, Oxygen), able to purify the vapours 
encountered by it down to about 2 p c. of 
oxygen. Part of these arc again drawn into the 
liighqiressure system and condensed, and flow¬ 
ing into tin* column, continue automatically 
to disp)a(;e oxygen from the rising vapours until 
])ure nitrogen only is (Uscharged from the pipe c. 
Part of this nitrogen continues to circulate 
through tiio high-pressure system for serubhiug 
purposes, hut the major part is collected for use 
thiough the verti<‘al branch on the pipe c. 
Oxygen vapours are abstracted from the 
ajiparatus through the ]npes Cj and r. 

It IS found that an installation of this 
description will jiroduce aiijiroximately one 
cubic metre of nitrogen per i f.Tl.P. 

(R) Bjf C/tevncnl Mcan-<. —(1) By passing 
chlorine through a strong solution of ammonia 

'Fhe ammonia must be in excess, otherwise 
nitrogen chloride may be formed. Anderson 
(Chem. News, 5, 240) states that so obtained the 
nitrogen always contains oxygen. Ammonia is 
removed by passing through suliihuric acid. 

(2) By adding metallic zinc to fused ammo¬ 
nium nitrate. 

(3) By heating ammonium nitrite, or a 

mixture of ammonium chloride, and potassium 
nitrite,: Nir4N02 —2H.D-fN,. This method 
gives nitric oxide in small quantity. If this is 
removed by ferrous sulphate solution, some is 
always evolved again on shaking, whilst with 
potassiurti permanganate oxygen is liberated 
in varying quantities (r. Knorre, Chem. Zentr. 
1903, [i.j 125). The best method of procedure 
is 1-0 take J part NaNO,, 1-2 parts {NH 4 )jS 04 , 
and J part KjCrgO,, warm the solution, and 
wash the gas evolved with a solution of 6 vole, 
saturated KjCr^O, solution and 1 vol. concen* 
trated • 

^4) By heating ammonium •dichromate, or a 
mixture of ammonium chloride and potassium 
dichromate {NH4)20 s;‘2O,®sCY2O84-4Hj0+N2. 

(fi) By heating glycerol (2 parts) and 
NH 4 N ()3 (1 part) (Mai, Ber. 1901,34, 3806). 

'i'he reaction commences at 190®, but once 
started proceeds without further heating till 
the temperature has fallen to 160°. A few drops 
of sulphuric acid cause the reaction to proceed 
more j*eguhirly and at a lower temperature. 
CO^ is present in small quantity, iVe yield of 
nitrogen is nearly theoretical. 
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( 6 ) By heating a mixture of dry ammonium I 

nitrate and ammonium chloride i 

4 NH 4 NO 3 + 2 NH 4 CI-CI 2 + 1 2H20+5Ng 

(7) By passing a mixture of (a) nitric oxide, 

or (&) nitrous oxide, with ammopia over heated 
ooppergauze or platinised asbestos. The nitrogen 
is purilied by passing through dilute H^pSOj, ' 
over fused KOIT, through concentrated ‘ 

and finally over red-hot copper gauze {Baxter 
and Hickey, Araer. (’hem. d. 1906, 33, 300). 

( 8 ) By decomposing chamber er^^stals with 

ammonium sulphate at 130" (Pclouze, Ann. 
(’him. Phy.s. 1811. {iii.J 2, 49). * 

2 NO,•S 03 H+(NH 4 ),801-311,S(\+ 2 H, 0 + 2 N 2 ' 
ft is also formed in other chemical deconiposi- ' 
tions, notably by the action of hypochlorites 
and hvpobromitos on ammonia and acid amides, 
and of nitrons acid upon amines. 

Spongy platinum boiled with amnnmium 
suljihate and sulphuric arid gives SOj and N, 
{Delejiino, Compt.. rend. 190.6, I4I,88I>), prohahly 
in accordance with the following eijuatmns-- 
(,1) 4H,.S0,,+Pt-Pt(80i)> + 2S(). + 411,0 
(2)3Pt(S(),,).,+2{NJl.,),8(),-2N,+31’t+8H,S()4 

This explains the loss of nitrogen when ' 
platinichlorides of organic, bases are estimated ' 
by the Kjeldahl mcdliod. 

rroperiifS. — Nitrogen is a colourless, in¬ 
odorous, tasteless, neutral gas. Its ihuisity has 
been determined by many observers {v. Ramsay, 
(’hem. News, 189!b 79, 13), and the discrejiancy 
between the densitio.s of at-mos]>heric and 
chemically prepared nitrogen led to the discovery 
by Rayleigh of argon. 

The density (air -J) and weight of 1 lilri'. at 
N.T.P. are re.speetividy 9 !JI>737 and 1*25092 , 
(Rayleigh, l*roe. R.ov. 8 t)e. ]89H, 02, 209), 
0*9(i717aud 1 •2,5070 1 (kedu(t,(;.unpt. rend. I89H, j 
120, 413), these giving for Jl —i the values | 
14*002 and 14*004 resiiectively (Leduc, ibid. ; 
1908,140, 399). Rayleigh’s later determinations [ 
(i^roc. Roy. Soc. 1904, 73,163) give the densities [ 
(H ~ I) at atmosjiherie and at very low pressures j 
as 14*003 and 14*009 res[>ectively. 

The density of atmosjihenc nitrogen O on- ’ 
taining the inert gases) is 0*97209 (Rayleigh, oe.) , 

B.p. - 196*0" (Dewar, ibid. 1902, 09, 30(»); ; 
— 195*9 (Grunmneh, Sitzuugsbcr. Akad. W iss. j 
Berlin, 1906, 079); —195’65 (Alt, Ann. Physik. 1 
190(i, fiv.] 19, 739) 1 

Ol'zowski (Compt. rend. 1884, 09, 133) gives"; 
the b.ps. at high pressures as follows— 

P. In atm. 3.5 31 17 * 

°C. -140 -148*2 -160*5 3 

See also Baly (Phil. Mag. 1900, [v.] 49, 617) and 
Fischer and Alt (Sitzungsber. K. Akad. Mnnchcn, 
1902, 113). , ’ 

Baly Dewar Fischer and Alt. 

M.p.^ -210*62 -210*^ -210*48 

Critical pressure 32 29 atm., critical tern- 

f erature —140*26" (Wroblewski, Compt. rend. 
886 , 100, 979), 3^*49 atm. and -137’i3" 
(Crommeliii, Proc. K. Akad. Wetenach Amster¬ 
dam, 1915, 17, 959). (’ritical volume 42*6 c.c.; 

^ Moles (.T. chim. physique, 1922, 19, 283), as the 
result of the (itecussionof 29 determinations, calAlates 
the weight of the litre of nitrogen at 0® and 760 mm. 

and 46" cal. tobe l-2607±0*000l grams. 


critical density 0*0236 (Dewar, Proc. Roy. Soc. 
1^4, 73, 261). 



8p.gr. of liquid 

' nitrogen. 

"C. 

Sp gr. 

* Observer 

-19II-93 

0*8084 

Inglis and Coates. 


0*8010 

Baly and Donnan. 

-195*5 

0*8042 

Dewar. • 

-198*3 

0*82<)7 

Inglis ami Coates. 


0*8218 

Baly and Donnan 


Sp.gf. of wlid nitrogen. 

-210*5 

0*8g92 

Dewai. 

-252*5 

1 *0205 

Dow'ar. 


Molecular volume at 0" abs. ((!alo.) = 25*49 
(Dewar, Pioc. Roy. Soc. 1904, 73, 251). Specific 
volumo at m p. 221 *3 c.c (ibid. 1902, 09, 300). 
Sp.ht. of liquid nitrogen f#r temperature range 
of -190" to -208" IS 9*430±0*00H (Alt, Ann. 
Physik. 1904, |iv*] 13, 1010). Sp.ht. of gaseous 
nitrogmi 0*2348 bctweim 0" an<l 200" (Hcgnaiilt); 
0*2119 from 20" to 440' : 0*2404 from 20" to 030" ; 
0*2192 fKun 20" to 800" (Holbnrn and Austin, 
Sitzuiigsbcr. K. Akad. Wiss. Berlin, 1905, 175), 
ami has a mean value O‘23.5O+O*OOOO190 
between 0" and (tlolboin and Henning, Ann. 
Physik. 1907, I IV. I 23, 809). 

Latent heat of vajiorisation at b.]). 50*4 
cal. (Dewar, Proc. lLiy.t30C. 1905, A, 7t>, 325); 
at b.it. 47 05. at - 2(»2", 4t042, at - 210'’, 51*01 
(Alt, Ann. Physik 1900, jiv.] 19, 739). The 
va])(>ur pressure of pure liquid nitrogen betw'cen 
— 191*88" (p—1*4727 ntm.) and —148*85" 
(30*304 atm.) may be expressed by the formula 
log pr=.5-7038i-H53*522/T-f 54372-3/T* ' 

-1783500T* 

(Crommelin, l.r.). 

Vapour pres.siirc at m.p. 93'6 rnm.; from 
Fischer and Alt’s values of the vajiour pressurCA 
near the m.p the m.p. calculated by Ramsay and 
Voung’s method is 210*24". For atmospheric 
nitrogen the va])our pressure at the m.p. is 90*2 
mm., and Iho calculated m.p. is —210*47". The 
lowoi9ng of 0*23" is brought about liy argon (1 70 
gram per 100 grams N) from which the molecular 
depression is cah’ulated as 5*39 and from this 
the latent heat of fusioy is 14*40 cal. (Estreioher, 
Bull. Acad. 8 ci. ('racow, J90!l, 831). 

Surface tension 8*514±0*02 dynes/cm. (Grun- 
mach. Sitzungsber. K. Akad. Wife. Berlin, 1906, 
Ii79). Tables showing variation of surface 
tension and density of liquid nitrogen with 
tomperaturo arc given by Baly and Donnan 
(Cbem. 80 c. Trans 1902, 907). 

'j’he available pressure, volume, and thermal 
j data for nitrogen at low temperatures have been 
J collected and analysed by Plank (Dtysikal. 
Zoitsch. 1910, II, 633). 

! Coefficient of expansion of liquid nitrogen 
! varies from 0*00299() at 11®-132" aba. under 
' G mm. to 0*003074 dt 100" abs. under 1000 mm. 

I (Erdmann, Ber. 1900, 39, 1207), and that of 
! gaseous nitrogen 0*003()43 from 0" to 1067" 
(.lacqucrod and J’errot, (V)rnpt. rend. 1904, 138, 
1032). The compressibility of gaseous nitrogen 
has been studied by Regnault, Nattcrer, Cailletet, 
Amagat (Ann. (^hira, 1893, [vi.] 29,68, 606), and 
Rayleigh (Pioc. Roy. Soc. 1905, 74, 446). For 
the data the original papers must be consulted. 

For viscosity constants of pure and atmo* 
Bphelric nitrogen, v. Markowski (Ann. Physik. 
i 1904, 14, 742). • 
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The inversion temperature of the Joule- 
Kelvin phenomenon for atmospheric nitrogeiji is 
243® at 159 atm. and 193® at 30 atm. (Olzowski, 
Bull. Acad. Sci. Cracow, 792; v. also 

Porter, Phil. Mag!" 1910, [vi.] 10,8H8). Refractive 
index of gaseous nitrogen 1 •(H)0297 (Rantsay and 
Travers. Zeitach. physikal. ('hom. 1K98, 100, 
25), and of liquid nitrogen 1*2063 (Liveing and 
Dewar, Phil. Mag. 1803, [v.] 36, 328; v. also 
Cuthbertson, Proc. Roy. Snc. 1910, 83, A, 161). 
Klectromagnetic rotation 0*004‘127 (Kuiidt and 
Rontgen, Wied. Ann. 1880, 10, 267). For 
density, refractivity rclatiofiship, and dispersion 
of gaseous nitnigen at its boihng-pomt, v* 
Oerold, Ann. Physik. 1921, Jiv.) 65, 82, 

Soliihiliti /.—Liqtiid oxygen at ~ 195-5'^ dis¬ 
solves 458 times it volume, or .60*7 p e. of Its 
weight of ga.seous« nitrogen (Erdmann and 
Bedford. Ber. J904, 37, U84). The solution 
obeys Henry’s law, and liijuid nitrogen there¬ 
fore has the normal molecular weiglit, although 
oxygon dissolved in nitrogen is as-soeiated (Inglis 
and Coates, (3)Cin. Soc. Trans. 1906, HH6). 
Grunraach, however, from it.s surface tension 
calculates its molecular weight m the liquid 
state to be 37'3 (Sitzungsber. K. Akad. Wiss. 
Berlin, 1906, 679). 

Sohbihii/ ui frah r. 

Temp. 0® 10’’ 20° 30“ 40“ 50“ 

c.c.perlitre23*00 18*54 16*54 J3 55 12*15 II *02 

(Fox, Trans. Faraday Soc. 1909, 5, 68; .sve 
alsf) Winekler, Zeitseh. jihysikal. Cliem. 1892, 9, 
171). For solubility lu alcohol .svc (’arius, 
Annalen, 1855, 94, 136; jn ]>olroleiiin 6cv 
Gniewosz and Walfisz, Zeii-sch. })hysikal. Cherii. 
1887, I, 70; in glycerol and ^wlmtyrie acid 
‘flee Oruckcr and Moles, ihuL 1910, 75, 405: 
in solutions cd organic substamtes .sec Hi'dner, 
ibid 1907, 67, 611. 

Wood charcoal absorbs Um tunes as much 
nitrogen at —185® as at 0® (Dewar, Conqit. 
rend. 1904, 139, 2<»1). *• 

Chemirnl 'properties .—Nitrogen is not com¬ 
bustible, and doe.s not support combustion, 
and in the free state,is remarkable for its 
inactivity. It may, however, be made to unite 
directly with boron, silicon, magnesium, tita¬ 
nium, tantalurfi, and tungsten. Jt is absorbed 
by a mixture of magnesium powder and lime, 
and, under certain conditions, combines with 
hydrogen, oxygen, and carbon, as, (.</., when 
a series of electric sjmrks is passed ih.ough 
oxygen and nitrogen gases standing over a 
solution of caustic alkali, when a nitrate of the 
metal #*? produced. Traces of nitric acid and 
ammonium nitrate are produced by burning 
hydeogen gas mixed with nitrogen in an atmi>- 
sphere of air or oxygen. Nitrogen can mute 
with hydrogen to form fiunmonia when the 
gases are in the nascent state. Carbon and 
nitrogen unite directly when nitrogen gas or 
atmospheric air is passed over an ignited mix¬ 
ture of charcoal and potasli, or charcoal and 
baryta. 

Nitrogen reacts slightly w’ith steam at 2000®: 
N,-f2H20=2N0+H« (Tower, Ber. 1906, 38, 
2946). 

A detailed account of the spectrum is given 
by Fowler and Strutt (ibid. 1911, 86, A, §77). 
For the spectrum of nitrogew, v. also I^landrcs 


(Corapt. rend. 1902, 134, 747), Mosengeil (Ann. 
Physik. 1906, [iv.] 20, 833), Walter {ibid. 1906, 
[iv.] 20, 327), Nasini and Anderlini (at 3000®, 
Gazz. chim. ital. 1906, 30, ii. 561), Purvis (in 
strong magnetic field, Proc. Camb. Phil. Soc. 
1906, 13, 354), Angercr (at low temperatures, 
Ann. Physik. 1010, [iv.] 32, 549), Helm (long- 
waved portion, Zeitseh. wiss. Photochem. 1910, 
8, 405), Wien (canal rays, I’hysikal. Zeitseh. 
1916, 11,377), eVoze (infra red, Compt. rend. 
1910, 150, 866), 

Nitrogen is an essential constituent of many 
of the most potent and valuable medicines, as 
well as of some of the most jiowerfu! poisons, 
<\<l. quinine. morj>hine, prussie acid, and strych¬ 
nine. 'I'he slight albnity existing between nitro¬ 
gen and other elenieiils gives a peculiar c haracter 
to its comiMuinds, many of whicli arc exiiemely 
))rom‘ to ilec(*.nip()sition. Many nitrogen com¬ 
pounds. esjiecially tJiose which cioDtam the oxy¬ 
genated racbele /o/r///(N() ), arc highly explosive, 
as 111 tlie caH(^ of the [iievates, certain azo com- 
])ounds, gun-cotton, the fiilininates of silver and 
mercury, nitroglyeerine, A'c. 

Active nitrogen. When a stream of rare¬ 
fied nitrogen is subjeeted to tlie action of the 
electric discharge from a Leyden jar the gas 
exhibits a brilliant y<‘llo\v liglit which persists 
for some little time after the exciting discharge 
13 discontinued. Tlie lummoiis gas gives a 
characteristic speetriim showing green, yellow*, 
and red hands ol about equal intensity. ]f 
passed through a glass tube moderately heated 
at one [mint the glow disappears locally. If 
strongly heated the glow is [icimanently ex¬ 
tinguished. Its briUiam*y is increased during 
cooling by lu[uid air but at the coolest part it 
13 finally extinguish<‘d. Nitrogen thus treated 
shows remarkable elionncal activity. It reacts 
with hydioearbons such as methane, pentane, 
and acetyh'ne to form hydrocyanic acid, and con¬ 
verts mercury and metallic vajiours into nitrides 
whii'h, wlien t.reatcd with w'ater or potassium 
hydroxide solution, yield ammonia. It combines 
w’lth phosphorus, gives a bright blue flame with 
iodine vapour; suljtbur and ar3eiiic give faint 
blue and green flames resjiectively. With 
nitr/c oxide it produces nitrogen [leroxide: 
2N(),-fN—NOo+Nj. (Carbon disulphide yields 
a blu(! polymeric nitrogen sulphide and a poly- 
m(;rise<l carbon monosulphide. Ruljihur chloride 
gives ordinary yellow nitrogen Hul]»hide. With 
.niethyU bromide, etliyl iodide, cliloroform, 
ethyhme, and ethyliilenc dichlorides it foims 
hydrogen cyanide. When chlorine is present 
eyafcog^n chloride is produced ; benzene yields 
cyapolionzeiie. 

It IS remarkable that if the nitrogen is pure 
it doc.s not become ‘ active ’ under the influence 
of the discharge. The presence of a trace of 
some foreign substance such aw oxygen, methane, 
ethylene, the oxides of carbon, hy<lrogen‘sul¬ 
phide, or mercury*-va[)Ouri8 necessary tq its pro¬ 
duction. As regards oxygen, the amount needpd 
to produce the greatest effect gradually increases 
until it reaches a maxirapm of about 1 part in 
750, after which the intensity of the glow 
decreases: a 2 p.c. admixture completely 
destroys it. Active nitrogen would appear to 
hav^no chemical action on oxygen or hydrogen. 
Its production by the discharge is 9f the naturq^, 
of a revrfjrsible reaction: the concentration only 
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attains a certain limit, which may be lowered if 
the conditions become less favourable. The gas 
should be at a low pressure, say a few mm. of 
mercury, since collision with ordinary nitrogen 
molecules tends apparently to destroy it. It is 
also to a groat extent destroyed by an uncon¬ 
densed electrical discharge (without jar) or a 
steady current produced, for example, by a 
high-tension continuous current dynamo (Strutt, 
Proc*. Roy. Soc. 1911, A, 85 ; 1912, 86 , 262 ; 87, 
179; 1913, 88 , 539 ; 1915, 91, 303 ; 1916, 92, 
438 f 1917, 93, 254; Tiede and Domckc, Ber. 
1913, 46, 4095; 1914, 47, 420; Koenig and 
Elod, ibid. 1914, 47, 516 ; ibid. 523; Baker and 
Strutt, Bor. 1014, 47, 801, and 1049; Baker, 
Tiede, Strutt, and Boriicke, ibid. 1914, 47, 
2283; Strutt, J. Soe. Ohem. Ind. 1918, 113, 
200 ). 

For a detailed account of thi?•spectrum of 
active nitrogen, sec Fowler and Strutt, Proc. Roy. 
Soc. 1911, A. 85, 377. 

According to Max Frantz (Zcit-sch. Elektro- 
chom. 1919, 25, 297) the mam eonstitiu^nt of 
active nitrogen is triatomic nitrogen N,. It has 
robably an open chain structure, as indicated 
y the nitride foriuation and by the absence of 
azido priKluct-ion. On cooling it reacts with N 
to form N.,, and on heating it decomiioscs into 
N and N^, which is present in On; gas in very 
small quantities at very low teinperaturea. 

For the effect of llic collision ot a particles 
upon atoms of nitrogen, sre Rutheiford, l‘hil. 
Mag. 1919, [vi i 37, 571, M 581. 

HaLIOES of Nn’KOQEN. 

Nitrogen fluoride was sujiposed by Warren 
(Chem. News, 55, 289) to be formed when a 
saturated aqueous solution of ammonium 
fluoride was electrolysed, oily drops being 
noticed at the negative pole, which exploded 
violently when connected with the jioaitive 
polo or in contact with organic matter, glass, 
or silica. RufI and (leisel (Ber. 1903, 3(), 2ti77) 
find, however, that nitrogen fluorides do not 
exist; that electrolysis of ammonium fluondo 
gives only pure fluorine, and that Warren’s 
substance was probably nitrogen chloride pro¬ 
duced from ammonium clilonde present as^an 
impurity. 

Nitrogen chloride NCI 3 . Finst jfepared by 
Buiong in 1812 by the action of chlorine on an 
aqueous solution of ammonium chloride • 

NH4Cl+3('l2-Na3+4HCr 

The reaction has l>eon stutiiod by Noyes and 
Lyon (Amer. Chem. J. 1900, 23, 460); Bray and 
Dowell (J. Amer. Ohem. Soc. 1917, 39, 905). 
Balard (Ann. Chim. 1834, [ii.] 57, 225, 
jirepared it by the action of hypo(j|ilorous acid 
on ammonium chlojide. Ammonium sulphate 
is more suitable, and Hentschel (Ber. 1897, 30, 
1434, 1792) by that of 8 odium«hypochlorite on 
ammonium chloride. Anhydrous ammonia and 
anhydrous chlorine react together to form 
nitrf^en chloride and ammonium chloride. A 
considerable proportion of the nitrogen chloride 
at first formed decomposes into nitrogen and 
chlorine, either directly or by interaction with 
ammonia (Noyes and Haw, J. Amor. Chem, 

' 1920, 42, 21074 . 

^ It is also formed jn the electrolysis of ^ con- 
VoL IV.—T. 
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oentrated ammomlim ohloride solution (Eolbo, 

J. nr. Chem. 1847, 41, 137), this being the 
metnod best suited for lecture experiments 
(t>. Meyor, Ber. 1886, 21, 26; Hofer, Chem. 
Zeit. 1896, 20, 470). • 

By adding a calcium hypochlorite solution 
saturated with hydrochloric acid to ammonium 
chloride solution, and shaking with* benzene;' 
the NClj formed is dissolved m the benzene 
(Hentschel, Ber. 1897, 30, 2642). According to 
Rai ((’hem. News,*1918, 253) it can bo prepared 
by the action of bleaching powder on a saturated 
solution of ammonmm chloride at about 0 ® 
vfithout the use of hydrochlunc acid or a solvent 
such as benzene or carbon tetrachloride. 

By covering 150 c.c. of carbon tetrachloride 
with a coiicontratof] aqueous solution of am¬ 
monium chloridi!, and jiassaig in chlorine gas 
with vigorous shaking, and then washing with 
water, a bright yelKiw solution of the substance 
is obtained. 

It IS a yellowish volatile very pungent smell¬ 
ing oil, the vapour of which strongly attacks 
tlie eye.s and mucous membrane; sp.gr. 1*663, 
b.j). 71°. It detonates on being heaU'd to 93®, 
or when brought into contact with organic 
matter, phosphorus, arseme, ozone, and alkalis. 
Metals, and strong acids, resins, and sugar do not 
cause its explosion, which*i 8 , liowcver, brought 
about by exposure to strong light, it reacts 
slowly with ililiitc aniinonium chloride solution 
and more rapidly with a coneentratod solution 
to give nitrogen and hydrogen chloride: 

NH4C1+NCJ3=N2+4HC1 

It dissolves in benzene, ether, chloroform, 
carbon tetrachloride, and carbon disulphide, 
giving highly refracting sulphur-yellow solutions, 
fairly stable in the dark, but slowly decomposing* 
in light. Its benzene solution has been used for 
chlorinating organic substaiicos (Hentschel, l.c.; 
ibid. 1898, 31, 246). Nitrogen chloride is quan¬ 
titatively converted by dry hydrogen chloride 
into aniinomum ohloride (Noyes). Heat of for¬ 
mation —38,477 cal. (Troost, Compt. I'end. 1868, 
69, 204). For the action of nitrogen chloride in 
carbon tetrachloride smurion on reducing agents, 
see Dowell and Bray (J. Amer. Chem. Soc. 1917, 
39. 896). 

The formula NCI, was assigBed to it by 
Dulong (Schweiggor’s -T. Chem. Pharm. 1812, 

8 , 32), Bineau (Ann. Chim. 1846, [iii.] 
15, 82), and Deville and Hautefeuille (C’ompt. 
rend. 1869, 69, 162). Davy (Phil. Trans. 1813, 
103, 1, 242) found the chlorine to be in excess 
of that required for this formula. Porret, 
Wilson and Kirk (Gilb. Ann. 1814, 47, 5(k 59), 
and Gladstone ((Jhem. Soc. Trans. 1854, 7, 61) 
concluded that hydrogen was present (the laj^ter 
giving the formula as N 2 H(’lj), but the methods 
of analysis were noB accurate. Gattermann 
determined the chlorine <lirectly by decomposing 
a weighed quantity of the carefully purified and 
dried substance with conoentiated ammonia, 
thus forming ammonium chloride, in which the 
chlonnc was estimated as silver chloride, the 
result closely agreeing with the formula NCI, 
(Ber. 1888, 21, 755; v. also Hentschel, Lc.). 
This formula was confirmed by Chapman and 
Vodden ((’hem. Soc. Trans. 1909, 141), who 
determined the ratio of nitrogen to chlorine, 
and also proved the absence of hydrogen. 

* 2 s 
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' 8 diw»ho« (Ber. 1894, 27, 1012) reptewnto 
itt hydiolyM with water as follows— < 

Na,+sH,o:^NH5+3Hao _ 
This eiplamB*the easy redaction to amidoma, 
and the apparently greater sohibility in hydro¬ 
chloric acid than in sulphuric acid or water, 
«noe hydrochloric acid destroys hypochlorous 
acid. This is confirmed by Chapman and Vodden 
by shaking the CCl, solution with moderately 

*' . S Tty-Sl_ ^V,»T \rnl T.hft 


intd a solution of sulphur diohloride in carbon 
disulphide or benaene , 

According to Francis and Davis (Chcm. 8 oc. 
Trans. 1904, 269), it is best prepared from a 
10-16 p.c. solution of S,C1, in benzene, into which 
a rapid current of dry ammonia is passed until 
red fumes appear, after which the liquid m 
cooled and the current continued for a short 
time longer. The ammonium chloride is filtered 
off, and on evaporation of the filtrate, orange- 

. __vsfitinti rfaprvstaliiBea 


W aha-kinff the CCh solution with moderately j on, and on evaporaiiuu j 

conSSd HCl removing any NCI, from the red prisms arc obtained which, recrystamsed 
with KOH. from boiling benzene, toluene, or carbon di- 


oonooniirabeu nvi, -j -- 

aqueous solution, and distilling with JiUiij 
when ammonia is obtained*in quantity— ^ 

NCla+SH.O ^ NHa+SHClO 
HClO+HCl^Clri+H.O 
NHg+HCl^NH^a 

Nitrogen bromide is said to be formed as a 
dark red highly explosive vcijAtilo oil hy adding 
potassium bromide to nitrogen chloride under 
water, and is jjossildy formed lu a manner 
similar to the chloride, but no definite compound 
has boon isolated. 

Nitrogen iodide was first prepared by CJourtois, 
and has since b(‘en obtained in a variety of 
ways, viz. by digesting aqueous ammonia with 
powdered iofinie (Stas) or alcoholic iodine 
solution (Serullas, Ann. Chiin. 1S21), in-] 


rea prisms are - 

from boiling benzene, toluene, or carbon di¬ 
sulphide, melt at IBS". It is more stable than 
previous observers have stated, its supposemy 
greater tendency to explode probably being due 
to impurities present, as indicated by the lower 
melting-points given by them {cj. Schenck, 
Annalen, 1800, 290, 171). It mav be sublimed 
under reducAl pressun*. Crystallographic con¬ 
stants (Artini, Chein. Zentr. lOOfi, i. 1774) 

[rt : : c=0-880(): 1: 0-8430 ; ^^80" 20'] 

Jta formation is usually represented by the 
equation-— 

8Nn3-i-:ts,t!i,-r)Nn4Ci+2NS-fS4 

but according to RulT and Gciscl (licr. 1904, 37, 
1573), the relation of the yield to the composi¬ 
tion of the sulphur chloride enqiloyed indicates 

j-i... ..+ 


solution (Seruilas, Ann. Uuin. i.rw.,„iPi.ni(Hl m the reaetum 

42 200 ), or a solution ot iodine in iKpia ngin, or i to b(< con - 

.. ' .1 1...1-1 1.. i.wlitlfs I lourii 1 utMIl - •{S5-M.4-4SH( 


‘t.i, in a ovp-ivax-'j. - 

dii*ectly with iodine chloride in potassium locUcle 
solution (Schonbem; Guyard, (’oinpt. rend. . 
1883, 07, 520); from alcoholic uniinonia and | 
iodine solutions (Huneen), and from ammoniuni 
iodide and bleaeliing powder ((Radstone, Clicm. 
Soc. Trans. 181)5, 51). , , i i i 

it forms capper-coloured ciystals, light red 
by transmittd light, sp.gr. 3-6, very readily 
• f^ixploded by shock, warming, or e.vposurc to 
strong light. It is never obtained free from 
hydrogen, and at low tciiiijcratiires gives 
molecular compounds w'ltli varying quantities of 
ammonia, viz. Nl^’Nil^, Nl 3 ’ 2 NH 3 , NJ 3 ‘ 3 NIl 3 , 
NI,-12NH, (Hiigot, Aim. Chim 190(1, [vii.] 
21, 6 ; Ruff, Bor. 1900, 33, 3026). The com 
pound NI 3 .NH 3 is u.sually isolated, this formula 
representiug its structure ((hattaway and 
Orton, Amor, fihem. J. 1900, 24, 331 ; Silberrad, 
Chem. Soc. Trans. 1905, 65). 

Silberrad finds it to react with zinc ethyl as 
follows— 

(1) NHj'NIj+Sl^ulCjHj)^ 

^3ZnC..H5l-f NIi3-t-N{C.3H5)3 

(2) 2NH3-bZn(C,H3)3=Zii(NH3)3-f2C.3H, 

According to Soliwanoff (Ber. 1894, 27, 1012) 
its hjs^rolysis with water 19 as follows— 

NH3-Nl3-)-;iII.30 J 2N]l,10-f HIO 

It is reduced by H^S, SO 3 , A 83 O 3 , similarly to 
NCU. Hydriodic acid liberates iodine, hydro¬ 
chloric acid forms iodine chloride, hydrocyanic 
acid iodine cyanide, and alkalis a mixture of 
iodide and iodate. it reacts with organic 
iodides (BUberrad and Smart, Chem Soc. Trans. 
1900, 172). 

Nitbogkn and Sdlphde. 


12SC1,,-i-) ONll 3 =■ dSiNj-h 48H Cl-t-2N 3 
its molecular formula is S,,N 4 {Schcnik, /.c.; 
Miitbmaun, iScr 189(), 29, 340 ; Fi.nicia and 
Davis, fir.). , .1 

VVilli chlorine in chloroform solution, tne 
Idrachhride NiS.l'l) is formed, which crystal¬ 
lises on cooling in magnificent yellow crystals 
which decompose on heating— 

N4S4('l4 = 2N3-|-2SjCl3 

It is excessividy unstable, giving a black tarry 
mass oil exposure to moist air (Demarjay, 
Uoiiipt. rend. 91, 854; Muthmann and belter, 
Ber. 1897, 30, 027). , , . 

Dcinarcay also describes the comiiound 
(SNljCl, as produced hy adding the requisite 
proiiortion of nitrogen sulphide to the tetra- 
cldonde in chloroform solution. This is probably 
thmdrilliwazijklilnride NsSjCl, obtained by the 
action of N.S, upon S 3 CI 3 in ehloroform solu- 
1 tion, or by heating N jS, with acetyl chloride. 
It is ail intensely yellow crystalline powder, 
which* exiilodes a few minutes after becoming 
dry. it readily absorbs ammonia. 

Muthmann and Seitor (t.r.) also describe the 
fobowing derivatives— 

f Thw-tnthioazijhntraie N3S4NO3, obtained 
as sulphur yellow prisms when the chloride is 
dissolved m concentrated nitric acid and 
evaporated in iwuS. Its solution in water 
darkens after a few minutes, giving a black 

deposit. When dry it is very explosive. 

Thio-irithioa/^lbriyinide N 3 S 4 Br is formed by 
the action of N 4 S 4 on S^Br^ in CS 3 solution, or 
of bromine on the chloride in Cbj solution, 
or by exposing the tetrabromid© of nitrogen 
sulphide (prepared similarly to the chloride) to 
moist air. It is stable in air. ■ 

Tkio-trithioazyliodide is prepared from 

.A_*__/ j.u.a QT 1/1 'Tinf.fl.aRllim 10(1109 




who assigned to it the formula SN. 

It ia obtained bv passing dry ammonia gas 


in fee'coid'water. It is very unstable. 

TlM-trithimzyUhiocyafiate NsbjONS, irom 





iwt'' 


ioe-oold soiatioiis ot the t^caide or nitrate end 
potessicm thiocyanate, toms Instrous bronze 
leafleta, fairly solnUe in benzene and ohloro- 
form which resist the action of the air. These 
compounds have the constitution— 


Schenck assigns to N 4 S 4 the constitutional 
formula— 

yN. 


N=^N. 


I 


but Ruff and Geisel {l.c.) regard the divalence | 
of the sulphur atoms as improbable, and suggest 
the formula— ' 

I 

® S~N 

which is supported by its reaction \fith metallic ; 
iodides in anhydrous liquid ammonia. Lead i 
iodide gives olive green prisms of tho dithio- , 
di-imide, l’b'N.j»S 2 ' 2 NH 3 , and mercury iodide ' 
bright yellow crystals of the thio-di-imide, i 
Hg-NjS'NHg, but in neither case is precipitation * 
complete, and the mother liquor from the lead ( 
salt gives the mercury comjjound with mercury 
iodide, whilst that from tho mercury salt gives 
the lead compound with lead iodide. These 
facts are accounted for by the supposition that | 
in ammonia solution dissociation of the above 
molecule takes place into the ions— 

N~S and S= 8 (NH )2 


H 


NJlj 

-snN 

NH, 


Nitrogen sulphide reacts with a number of 
metallic chlorides giving additive compounds 
(Wolbing, Zeitsch. aiiorg. Chom. 1908, 57, 281); 
with amines (Schenck, l.c.); with acetic acid and 
its halogen derivatives (Francis, Chom. Soc. 
Trans. 1905, 183G); with aromatic aldehydes 
(Davis, ibid. 1831); with hydrofluoric acid (Ruff 
and Thiol, Bcr. 1905, 38, 549). 

Stannous chloride does not combine, but on 
wanning in benzene solution the N 4 S 4 is reduced 
with formation of yellow lustrous leaflets, m.fi. 
152'^, of the empirical formula NSH. It is 
not combustible or explosive. NHais evolved 
on heating with Kt>H (Wdlbnig, l.c.). 

Acoor^ng to Moissan (Compt. rend. 132,J)10), 
the reaction 10 S+ 4 NH 3 ^ CH 2 S-KN 4 S 4 is 
reversible; nitrogen sulphide can bo obtained 1 
from sulphur and ammonia in presence of silver ' 
iodide. 

Dry HCl reacts as follows— * 

N4S4+12HC1=4NH3+4S+12C1 

showing that sulphuy is united to nitrogen by 
12 valencies, and hence, in agreement with 
Huff and Geisel’s formula, nc^ N atoms are 
linked. Ht. of formation of N 4 S 4 —81,900 cal. 
(Berthelot ana VieilJe, Ann. Chim. 1882, 
[v.] 28,202). 

A blue modification *of the yellow sulphide 
N 4 S 4 ifl described by Burt (Chem. Soc. Trans 
1910, 1171) as obtained by subliming the latter 
over silver gauze. It is much less volatile, lu^ 
evidently formed from an unstable interm^iste 
reduction product which loses nitrogen. , 


A liquid wiphiie K^S, i> obtained wbien 
NiS^ and CS, are heated togeth^ at 100 ^* for 
two'houie under 6 atm. prefisure (MulJiinann 
andl^ver, Zeitsch. anorg. Cheny 1897, 13,200). 


Oxmtes AND OxYACiDS OF Nitboobn. 

Nitrous oxldo. Laughing gas, NgC- First' 
obtained by Priestley in 1772, by the action of 
easily oxidiaable substances, such as potassium 
sulpmde or sulphite, on nitric oxide. NO is 
also reduced to by iron or zinc filings, 
or stannous chloride. ^ 

, Nitrous acid and nitrites yield NgO when 
reduced by platinum black, and by sodium 
amalgam. 

Nitric acid and nitrates give NjO among 
their reduction products witjj various reducing 
agents, especially from zinc and dilute nitric 
acid or a mixture of equal parts of nitric and 
sulphuric acids diluted with eight to ten parts 
of water. 

It is usually supposed not to be formed by 
direct union, v., however, method ( 0 ), infra, 
Warburg and Leithauser (Sitzungsbcr. K. A^d. 
Wiss. Berlin, 1908, 148) lind that Siemen’s 
ozonisor gives N./) and NgOj, and that the 
spark between platinum electrodes gives NOj 
and NijO, the altiTiiating arc at high potential 
in dry air giving only Nd 2 . 

Matignon from therniodynamicia] considera* 
tions iu((‘rs that the direct union of nitrogen and 
oxygen with production of nitrous oxide should 
bo realisible at 3000“ and 3000 atmos. (Compt. 
rend. 1912, 154, 203). 

No combination between nitrogen and 
oxygen is effected under the influence of ultra- 
I violet light (Berthelot and Gaudechon, Compt. 

: rend. 1910, 150, 1517). 
j Tho best methods in practice are— 

(1) Campari’s method (Chem. Zentr. 1888, 
1509), by heating to boiling a mixture of 5 parts 
stannous chloride, 10 parts hydrochloric acid 
of sp.gr^ 1’21, and O'O part of nitric acid of 
sp.gr. 1‘38. These jiroportions should be 
adhered to, or the gas is liable to be evolved 
with cx[ik)Hivo irregularity (e. also Gay Lussac, 
Ann. Chim. 1847, Liii-l 23,'^29). 

(2) By reduction of nitrous acid with hydra¬ 
zine— « 

Nj.H 4 +HN 02 -NH 3 +N 30 +H 20 
, (Francke, Her. 1905, 38, 4102). 
j (3) By decomposition of ammonium nitrate 
I by heat; NH 4 N 03 -N 20 H- 2 H 20 . The decom¬ 
position begins at about 170°, and becomes 
explosive unless carefully regulated. Organic 
impurities must bo absent, and also ammcpium 
chloride, otherwise COg and CJ^ respectively 
are formed Bouboiran, J. Pharm. Chim. 

13, 332). 

Lidoff (J. Russ. Phys. Chem. Soc. 1903, 35, 

' 59) recommends mixing tho nitrate with sand, 
and washing tho gas with ferrous sulphate 
solution, afterwards drying it with an emulsion 
of ferrous sulphate in concentrated sulphuric 
acid. • 

(4) By Thilo’s method (Chem. Zoit. 1894, 
18, 532). patented in 1894. An equimolecular 
^ mixture ot ammonium sulphate and sodium 
nitrate is heated at 240°. A regular and quiet 
evolutien of nitrous oxide results. 

I (5) By the reaction between sodium nitrite 
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and hydroxylamine hydrochloride solutions, NO 
being removed by ferrous sulphate solution— 
NHjOH + HNO,-NaO+2HjO 
(Meyer, I^ollak’^i modification, Annalcn, 1876, 
175 141). 

(6) Pictet (Fr. Pat. 4]r)51)4. April*19, 1910) 
and Soderraann {ihid. 41J786, eTan. 21, 1910) 
obtain it from the nitrogen-oxygen flame, pro¬ 
duced electrically or by other means, under 
suitable conditions. At a definite part ol the 
flame, asccitained spcciroscopioally or in other 
ways, the chief product is N._.0, and by rajiid 
and efficient cooling at lifts point the gas may 
be obtained in 25 ]>.c. yield. 

Properties .—Nitrous oxide is a colourless 
gas with pleasant odour and sweetish taste. 
Density (air=l) 1‘5301 (Leduc, Conipt. rend. 
1905, J40, »)42), r5297 (Rayleigh, Proc. Roy. 
Soc. 1905, 74, 18J). Weight of one litre 1-9774 
grams (Guye and Pintza, Compt. rond. 1005, 
141,51), 1-9777 (Rayleigh), 1-9780 (Loduc). 

Coeff. of expansion 0-0037007 (-Jolly). For 
its volume-jiressure relations, v. Rayleigh (Proc. 
Roy. Soc. 1005, 74, 40(i). 

Viscosity coelT. 0-0(KH363 at ; 0-0001815 
at lOO'^ (WuUaer, Wied. Ann. 1870, 4, 321). 

Refractive index lor sodium light 1-00510. 
Magnetic rotation |0-02 (Recqucrcl, Coinpt. 
rend 1880, 90, 1407 ; v. also Dufour, ihid. lfK^8, 
147, 14711. Sp.ht. at const, vol.*0-15130 at 0''; 
0 17384 at 100‘’ (Wiillncr, I c.). Sp.ht. at const 
press. 0-1983 at 0*^; 0-2212 at 100'’ (Wieder- 
mann, Pogg. Ann. 1875, 157, 1). 

0p./Cv. = l-31 atO^; 1*2724 at ]00". 

Of. Mercer, Proc. Physical »Soo. 1914, 20, 155. 
Heuso (Ann. I’liysik. 1919, [iv.j 69, 80) finds 
Cp. 20^ 0-879; -30^ 0-835; -70^ 0-797. 
Heat conductivity 0-0000350 at 0“ ; 0 00()05()0 
at lOO'’. 

It is easily liquefied, and was first obtained in 
liquid form by Faraday (Phil. Trans. 1823, 189). 
The liquid is colourless, niObile, and has a low 
refractive index (l‘]93atl(»°,accordmgf iBleik- 
rodc, 1*3306 at 90®, according to Liveing and 
Dewar); b.p. —89*8® (Ramsay and Shields, (’hern. 
News, 1893, 07, 190; — 89*4" (Grunmacli, Sit- 
zungsber. K.. Akad. wiss. Berlin, 1904, 1198); 
— 88*7® (Burrell and Robertson, J. Amer. Chem. 
Soc. 1916, 3*7, 2(591); m.p. -102-3® (Ramsay 
and Shields, be.), ('rystalhses in forms belong¬ 
ing to the cubic system (Behnkcn). CTitical 
temp, and press. 30-4®, 73‘0’7 atm. ((’ailletet and 
Matthias); 36*4® and 75*0 atm. (Dewar. J^hif. 
Mag. 1884, [v.] 18, 210); 30*5'’ and 71-05 atm, 
(Cardoso and Ami, J. (’hem. Pliys. 1912, 10, 
604) 

Density at b.p. 1 *2267 (Grunmacli). Surface 
tension at 89*3®, 26*323 dynes/cm. Calculated 
molecular weights using the critical values 
given above are 43*20 and 43-78 respectively, 
hence N^O has the same molecular weight in 
both states (Grunmach). The vapour pressures 
are tabulated bv Regnault (J. 1863, 70) and 
ViUard (Ann. Chim. 1897, [vii.] 10, 387). 
Vapour pressures of solid nitrous oxide between 
—90 6° and —144 1® may be represented by the 
equation log p= — 1232-2/T-f9-579 (Burrell and 
Robertson {J. Amer. Chem. Soc. 1916, 37, 2091). 

For densities of liquid NoO and its saturated 
vapour, V. Cailietet and Mathias (CompV rend. 
1886, 102, 1202; Villard (^bid. 1894, 118, 1096;. 


Mol. heat of volatilisation 2900 cal. (—20®), 
2600 (0®), 400 (36®) (Cailietet and Mathias, Ann. 
Chim. 1890, [vi.] 21, 69). Heat of forma¬ 
tion —21,700 cal, 

Solubility 

in water at 6® 10® 15® 20® 26® 

1*048 0*8778 0*7377 0*6294 0*6443 


(Geffcken, Zeitsch. physikal. Chem. 1904, 49, 
257). 

Findlay and Creigliton (Chem. Soc. Trans. 
1910, 549); Findlay and Howell {ibid, 1914, 
291) show that it obeys Henry’s Law. 


At 25® 


('one. liqind phase 
Cone, gaseous jihase 


For the influence of colloids on its solubility, 
sre Findlay and Howell (/.r.). 3'\)r its solubility 
lu alcohol, I’A.CtiMUH (Annalcn, 1855, 94, 139). 

NitioiiK oxide is an endothermic compound, 
and is dcconqiosed into its oloraents on strongly 
heating. This is shown by its power to support 
the cc»inbustioii of phosphoi'us, carbon, suJjihur, 
&c., when burning sufliciently vigorously to 
start tlic decomposition ot the gas. At 600°, 
only about 1*5 p.c, is decomposed, but at 
9(H)® decomposition is practically complete. 
Hunter (Zeitsch. physikal. Chem. 1905, 53, 441) 
finds its decomposition to be mainly bi-niole- 
cular, 2N2() —2N jH-(Ji:> gives the velocity 
coefticients at vuikuis temperatures. It also 
decomposes slightly under pressure. At 600 
atm. and 420'’, slight decomjiosition occurs with 
increase in volume (Bnner and Wroezynski, 
Compt. rond. 1910, 150, 1324). 

Mixed with oxygen and submitted to the 
a<’tion of ultra-VKtJet light it gives nitrogen and 
higher oxidation products (Bcrthclot and 
Gaudcchon, Comjd. rend. 1910, 150, 1617). 
Mi.xcd with carbon disulphide it burns with a 
blue actinic flame. 

It is rc.adily reduced by hydrogen on passing 
the mixed gases through a red-hot tube, or over 
platinum or palladium sponge. It is analysed 
by ex})ii)pion with hydrogen (Herapel, Zeitsch. 
Elektrochem. 1906, 12, 600). The velocity of 
explosion is 2305 metres per sec. (Dixon, Chem. 
News, 1801, 64, 70). It oxidises a large number 
()/ metals and lower oxide.s, and reduced nickel 
brings about its reduction with hydrogen to 
water and nitrogen (Sabatier and Senderens, 
(Jompt. rend. 1902, 135, 278). Potassium and 
socliun, when slightly heated in the gas, form 
the jieroxides, but when strongly heated produce 
the nitrates. 

• Nitrous oxide is a valuable amesthetic for 
short operations. Prolonged inhalation causes 
diath. Mixed with about one-fourth its volume 
of oxygen it produces an exhilarating and 
intoxicating^ effect. For a discuBsion of its 
preparation and requisite purity for use as an 
anesthetic, v. Baskerville and Stevenson (J. 
Ind. Eng. Chem, 1911, 3, 679). 

Liquid nitrous oxide is obtainable in steel 
cylinders holding up to about 60 lbs., equivalent 
to 430 cb. ft. of gas. For ansrstbetic purposes the 
gas should be free from chlorine, other oxides of 
nitrogen, &c., and should contain at least 96 p.o. 
mtrous oxide. 

ilypomtriles may be regarded as salts of 
this oxide, though the acid is noi formed by its 
solutipn in water. At low temperatures a solid 
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hydrate NaO'BHjO is formed {Villard, Ann. 
Chim. 1897, [vii.l 11 , 289). 

Nitric OJdde NO differs from the other oxides 
in being neither an acid anhydride as NjO.NjOs 
and N 3 O 5 , nor a mixed anhydride, as N 3 O 4 . It 
was the first oxide of nitrogen investigated 
(Priestley, 1772). 

It is usually said to be the first oxidation 
product of elementary nitrogen (v., however, 
Nitrous oxide) and is formed i)y direct union 
by a number of methods. It is produced 
together with ozone in the silent electric dis¬ 
charge, and has an inhibiting effect upon the 
formation of ozone (Manchot, Ber. 1908, 41, 
471). _ 

it is produced (also along with ozone) wlion 
air is slowly led over a glowing Nernst lilament 
(Fischer and Marx, Bor. lOOO, ,‘19, 30111), and 
in various flames, e.(j. CgH,,, CO, ai^d as well 
as in the electric arc, electee spark, and at 
white-hot solid surfaces (Jlaber and Coates, 
Zeitsch. physikal. Chem. lf»09, 00 , 337). 

In tho combustion of hydrogen in air at 
ordinary pressiints, practically no nitrn^ oxide 
is formed, hut at 2<) atm. 0-3 molecule of NO 
is produced for every 190 mols. of water. With 
equal mixtures of N, and O 2 , the yield though 
small at low pressures is as niiieh as 3 mols. ])er 
100 of water at 15 atra. (Wolokilin, Zeitscdi 
Elektroehem. 1910, 10 , 814). 

The conditions under whieh the union is 
most efficient have been studied by Haber and 
his co-workers (v. Haber and other-s, Zeitsch. 
Elektroehem. 1010, 10, 810, and ear lier jiapers), 
Nernst and others (Fischer and Hene, Ber. 1912, 
45, .30,52; 1913, 4(>, 003; Koenig, TJer. 1913, 
40, 132; Gorbov and Mitkevitsch, .J. Jtii.ss. 
Phys. Chem. Soc. 1913, 45, 1109). Briefly, a 
high temperature favours a rapid rate of forma¬ 
tion, and a high yield of NO, hut also favours 
dissociation, iieiiee ra]>id cooling is uecessary 
at the moment of formation, which is risahsed by 
sweeping the gases out of tlie region of the arc, 
or by forming and interrupting the arc .suc¬ 
cessively several thousand times a se-eond, or by 
playing the are in tlilfercuit regions of the space. 
The gases pas'sing out of the c-hamber contain 
1-2 p.c. of NO by volume. For jirai tieal details, 
V, Nitbooen, Atmospheric’, utilisation op." 

For a study of the changes 111 nitric oxide m a 
methane-oxygon flame, .sec Reis and^Valdbauer, 
Zeitsch. physikal. (Jhem. 1913, 85, 02. 

Nitric oxide is also produced by the action 
of a variety of reducing agents upon riit^c and 
nitrous acids and the higher oxides. 

The most convenient methods are— 

(1) Nitric acid of sp.gr. 1*2 on meta^ilic 

copper. • 

3Cu+8HN03=3Cu(N03)..+4H20+2N0 
(3Cu+N20*=^3Cu0+2N0) , 

(t>. Kammerer, Ber.^885, 18, 3004; cf. Rennie 
and Cooke, Chem. Soc. Trans. 1908, 93, 1102 ; 
i 6 trf. 1911, 99, 1035; Stansbie, J. .Soc. Chem. 
Ind. 1913, 319). 

(2) An alkaline nitrate on a solution of ferrous 
chloride in hydrochloric acid. 

flFeaa+2NaNOa+8HC1 

=6FeCIa-f2NaCl-f4H30+2N0 

(Pelouze; Gay Eussac, Ann. Chim. HI47, 
[iU.! 23, 203). 


(3) Deventer’s method (Ber. 1893, 20, 689) 
of dropping a mixture of potassium nitrite and 
ferrecyanide into dilute acetic acid. 
K 4 Fe(CN),+HN 02 +CH 3 C 00 H 

=K 3 Fe(CN),+HaO+iJH 3 COOK+NO 

(4) Dropping 50 p.c. sulphuric acid into a 
concontrated solution of potassium iodide and 
sodium nitrite in molecular proportion*. 

(5) Aqueous ferric chloride on sodium nitrite. 

FeCl3+3NaN0.,-Fe(N02)3+3NaCl 

2Fe(N(>3)3-j-3lI,()-2Fe(01l)3+3N()2+3N0 
If tho NaNOj is jilaced under carbon disuljihide 
and hydrati'd FeCI?, in carbon disuljihido 
stisjiension added, the NOg remains dissolved 
m the carbon disulphide (Matuschek, Chem, 
Zeit. 100.5, 29, 31). 

{(I) 8 ()j into warm HN ()3 of sp.gr. 1*15. 
;t,SO.+2HN()3 + 2Hj() = ;il,SO. + 2N6 
(Wcl)ci-, I'ofrR. Ann. I8li7, ISO, 277). 

Moser (Zeitsch anal. Chem. 1911, 50, 401) 
considers the best mel hods are— 

{(•/) Reduction of HNO^ in 113804 with Hg. 

(/>) Reduction of JINU 3 with 111. 

The gas us ]>unfled by absoqition in con¬ 
centrated feiTouH suli>)iatc solution, from which 
it IS expelled rtgam on gently heating. It is 
alsf> absorhe.d by potassium jiermanganate or 
dichromato. • 

Nitric oxide is readily obtained by the 
elei'trolysis of a mixture of nitric and nitrous 
acids with a current of 5-10 amperes at the 
ordinary temperatun^ (1). R. R. 2443(>2). 

Frope.rhcn .—Nitric oxide is a colourless gas, 
of density l'()387 (F.j(‘due, (Jompt. rend. 1893, 
JIO, 322). Wt, of one litre at N.T.R. 1'3402 
(Gray, (!hem. Soc. Jh'oe. 1903, 50; Guye and 
Davila, Compt. rend. 1905, 141, 820). t‘p. 
0-23175 (Regnault), Cp./Cv. 1-40. Coeff. 
expansion (moan) between —140^ and 0", 
0'0()37074 (Adventowski, Bull. Acad. Sci. 
('racow, 1909, 742). Y’iscosity coeff. O’OOOIOS 
(Moyer and Spnngmuhl, Fogg. Ann. 1873, 148, 
62l>). • 

Refractive index for white light 1’0003U3 
(Dulong)* for sodium light I-(K)0297 (Mascart, 
Zeitsch. physikal. Chem. J.SOl, 7, 25), 1'0002939 
‘((’uthbcAsou and Metdhlfe, Proc. Roy. 80 c. 
1908, A, 80, 40()). 

Nitric oxide shows very litUe divergence 
from Boyle’s law (Jacquerod and Schoner, 
Compt. rend. 1905, 140, 1384). It is with 
difficulty condensed to a colourles.s liquid. 

Crlt. Grit. 

B.p. M.p. temp, press. Observer 
-153f)‘’ -107’0” -93-5° 71'2atm. Olzewski» 
-150*2" -im)* 6 ® -02*9'’G4'4atm. Adventowski 
For b.pts. at pressures other than atmospheric, 
V. Olzewski (Z.c.). V.p. at m.p. 108 mm. ^ 

Tho va 2 >our pressure curve of the liquid 
would appear to indicate that polymerisation 
of the molecules takes place at very low tem¬ 
peratures. This is borne out by tho high sp.gr. 
of the liquid at its b.p. (1*209) (Adventowski, 

I.C.). 

Heat of formation of NO —21,676 oal.' 
(Thomsen), —21,000 cal. (Berthelct, Comiit. 
rend. 1874, 78, 102). Sp, heat Cp. 16% 1’012; 
-45% 1-001; - 66 % 1*014; -80% 1*024 

(House, Ann. Physik. 1919, [iv.] 69, 80). 

1 Compt reqjl. 1885, 100, 940. 
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Solubility ik Water. 



Absorption 


, Absorption 


! coetf. 


coctf'. 

0 

0^17381 

40 

0-03507 

5 

0-06461 

60 

tl-03162 

10 

0-05709 

60 

0-02954 

16 • 

0-05147 

70 

0-02810 

20 

0*04700 

80 

0-02700 

25 

0*04323 

90 

0*02648 

30 

0 -04004 

m 

1 0*02628 


(Wbikler, Ber. 1!K)1, :t4,'l408; also Zeitscti. 
physikal. Chom. 1892, 9, 171). 


It is more soluble (0*310 at 0"') in alcohol; 
(Oarius, Aimalen, 1885, 94, 138). For its solu¬ 
bility in ?’.Xunfjc (Ber. 1885, 18, 1391); 

Tower (Zoitsoh. ano^^<. (’hoin. 1900, 50, 382). 

Nitric t)xido is the mi'st 8 tsl)lo oxide of 
nitrogen. At 700'’ only 0-.5 p.c. is dissociated 
into nitrogen and oxygen, and at 1000 ® only 
3-4 p.c. 4110 dynamics of the equilibrium have i 
been studied by Muthmann ami Hofer (Ber. 
1903, 30, 438); Ni'nist, (Zeitsch. amirg. Ohein. 
1900, 49, 213); dellinek (M. 19(M), 49, 229), 
and Brode (Zeitsch. hhektrochem. 1905, 11, 752). 
Briner and Boubnoff (Compt. rend. 1913, 150, 
228) have studied bhe decomposition of nitric 
oxide over wide ranges of pressure (50-700 
atmos.)andtemx)erature(—IM)"-300‘'}. Nitrogen, 
nitrous and nitric oxides, and nitrogen tiioxide 
and peroxide were found among tlu* products. 
The main reactions are (1) 2N()-N_, 
and (2) 4N() = 2N.^O + (),j, the sei^ond jire- 
dominating, the higher oxides being formed by 
the secondary action of oxygen on tlie untrnns- 
formod nitric oxide, rj. Guye and Schneider, 

• (Helv. Chirn. Acta, 1918, 1 , 33). 

At ordinary temperatures it combines with 
oxygon witli jiroduction of ruddy fumes (?>. 
Emich, Monatsh. 13, 8 ()) characteristic of tlie 
peroxide, but at the temperature of liquid air 
the product is always nitrogen tetroxid«> what¬ 
ever the proportions taken, even if both the 
oxygen and nitrogen are in the gaseous state 
provided the temperature be below — 110 ®. 
N 3 O 3 is transformed oy oxygen to N 2 O 4 only 
above —100°, and is reduced by NO to 
NjOa at tempv-ratures below —150° (Francesconi 
and Sciacca, Gazz. chim. ital. 1904, 34, i. 447). 
Cf, Raschig (Verh. Ges. deut. Naturforach. 
Aerzto, 1912, ii. [i.] 199), who infers the existence 
of a nitrogen hexoxide NO^. According to 
Sanfourche (Compt. rend. 1919, 108, 30" and 
401) the first stage in the oxidation of nitric 
oxid<^ 4 NO-I-C 2 - 2 N 203 , is practically instan-, 
taneoua and independent of the temperature 
bet^ween —50° and 525°. The second stage, 
2 N 203 - 1 - 02 ^^ 4 N 02 , is reversible. Up to 200° 
it tends from left to righf.but from 200° to 526° 
it tends more and more from right to left as the 
temperature rises, in presence of water nitric 
oxide is oxidised to nitrogen trioxide and not 
^ the peroxide, the trioxide then being decom¬ 
posed by the wat-or, with formation of nitric 
acid and partial regeneration of nitric oxide. 
In presence of concentrated nitric acid (sp.gr. 
1 * 6 ) the nitrogen trioxide is oxidised, forming 
nitrogen peroxide and water: 

2HN03-l-N203=2N204-f-H20 * 


If dilute nitric acid is used the action is 
the same as with water, until the acid is 
concentrated to about 50 pc. (sp.gr. 13), 
when the second reaction takes place and 
increases with the concentration of the nitric 
acid. For velocity of oxidation of nitric oxide, 
. 9 ee Bodenstein, Zeitsch. Elektrochem. 1918, 24, 
183; Briner and Fridovi, Helv. Chim. Acta, 

1918, 1, 181; Trautz, Zeitsch. Elektrochem. 

1919, 25, 4 ; Wourtzcl, Compt. rend. 1920, 170, 
109; ibid 229. Nitric oxide may bo reduced in 
a variety of ways, giving nitrogen, ammonia, 
and in a few instances nitrous oxide. Hydrogen 
sulphide and alkaline sulphides, sulphurous acid, 
and phosphine give N^O largely. Metals reduced 
in hydrogen are readily oxidised at a low tem- 
}>eraUirc with formation of nitrogen. Passed 
with hydrogen over niekcl, ammonia and some 
nitrogen arcyiroduoed (Sabatier and Senderons, 
C^mipt. rend. 1902, 135, 278). The reaction 
cornnumces at 300° and then proceeds at 120°, 
the production of ammonia being almost quanti¬ 
tative (Neogi and Adhieany, Zeitsch. anorg. 
Chem. 1910, 09, 209). 

With hydnodic acid, ammonia is produced. 
Stannous chloride gives hydroxylamine and 
ammonia (Chesnau, ('ompt. rend. 1899, 129, 
100 ) and in alkaline solution hyponitnte as well, 
(.'hroinous salts give ammonia m neutral solu¬ 
tion, hydroxylamine in amd solution (Kohl- 
Hchuiter, Ber. 1904, 37, 3053). Alkahne pyro* 
gallol reduces it to nitrous oxide (Opjienheimer, 
1903, 30, 1744). 

It also reacts with oxidising agents, HgO^ 
gives nitrons and nitric acids; PbOg, Pb., 04 , 
MnO^, AggO in water give nitrite ; KMn 04 gives 
nitrate; iodine nitric acid (Schonbcin), CJOg gives 
N 2 () 4 , and fiypochlorous acid iiitno acid (Balard). 

In the dry state it acts on many oxidising 
agents, forming nitrite and nitrate (Auden and 
Fowler, Cliem. News, 1895, 72, 103). It gives 
N 2 O 3 with N 2 O 4 at low temperatures {v. under 
Nilnc Iriortdf ). 

It IS slowly decomposed by potash, forming 
KNOg and Ng {v. also Emich, Monatsh, 1892, 
13, 90), and according to Moser (Zeitsch. anal. 
Chem. 1911, 50, 401) it cannot be preserved 
unchanged over water, partly owing to dissolved 
oxygen, and partly to hydrions of the water 

4N0+2H20=2HN02+H2N202 
{cf. Zimmermann, Monatsh. 1905, 20, 1277). 

The latter gives NnO, and also ammonium 
nitritf. 3 HjNj, 0 ,,:-= 2 N.b 3 + 2 NH 3 (cf. Hantz-sch 
and Kaufrmann, Annalen, 1890, 292, 317), which 
further breaks down giving nitrogen in in¬ 
creasing quantity with the length of time the 
gas remains over water. The moist gas can, 
however, bo prosorvod unchanged over mercury. 

It can be eatalytically decomposed by finely- 
divided nickel suspended in hot water with the 
jiroduction of nitrogen and Iiickel oxide (Felgate, 
Chem. News, 1913, 108, 178). A mixture of 
liydrogen and bitric oxide in the ratio 3 : 1 
passed over finely divided tin, reduced iron, or 
zinc*diist when heated gives an almost quantita¬ 
tive yield of ammonia (Adhikary, Chem. News, 
1915, 112, 103). Guye and Schneider (Helv. 
Chim. Acta, 1918,1,33) find that in the reduction 
of nitric oxide with nickel as catalyst two re¬ 
actions take place simultaneousiyi the one giving 
ammonia and the other nitrogen: 
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(1) 2N0+5Hj=2NH3+2H20 

(2) 2N0+H,=N3+H20 

No nitrous oxide is formed. Tomperaturos of 
250®-300® appear to be the best for the pro¬ 
duction of ammonia. 70 p.c. of the gas is 
transformed into ammonia. 

Fluorine gives NO 2 F [q.v .); iodine does not 
react; chlorine and bromine give the corre- 
eponding halide (xk under I^xtrous acid). 

If allowed to remain at high iirossures in a 
sealed tube it becomes bluish green, and drops 
of blue liquid appear, fir.st noticed at about 
28 atms. If hydrochloric acid be also present, 
NOCl IS formed, the ehange being jirobably 
represented by 

riN 0 =: 2 N. 03 +N. 

N 203 + 2 IIC 1 -^ 2 N()C '1 + H ,0 
(Briner and Wroezynski, Conipt. rend. lOOD, 
149, 1372). • 

It is absorbed by a number of acids and 
salts, forming compounds of wliose conatitntioii 
little is known, which break down again on 
dilution with water, or gently heating. 

H 2 R ()4 in presence of oxygen yields 
Nt)ORO,II 
(Lunge, Bor. 1885, 18, 1384). 

It reacts with nitric acid (v. Saposhnikoff, 
J. Russ. l*hys. Chom. Roc. 1901, 33, 501), and 
under HNO 3 ) and is absorbed by phosphoric 
acid (Hemsch, J. pr. Clnun. JH13, 28, 385), 
arsenic, and some organic acids, and by many 
halides, such as those of B, Ri, Bi, Fc, Cu 
(for example Bi01;,-N(); 2 FeL] 3 -NO) (liesson, 
Compt. rend. 1889, 108, 1012; Thomas, Aim. 
(;ium. 1898, [vii.| 13, 145). FeSO^ gives the 
compound FeS() 4 *N() (Manchnt and Zechent- 
maycr, Aiinalen, 1000 , 350, 308; x>. Hilfiier, 
Zeitsch. physikal. Chem. BK)7, 59, 410; Asher. 
%bi4. 1908, ()2, 022) which has been isolated in 
red leaflets (Manchot and tlut-irKT, Annalen, 
1910, 372. 153; Manchot, Ber. 1914, 47, 1001 ; 
Bellucci, Gazz. chim, ital. 1914, li. 384). Conduc¬ 
tivity of NO in FeROj solutions (Zimirn'rinami, 
Monatsh. 1005, 20, 1277). Tt combines with Ni, 
Co, and Mn sulphates (v. Hhfner, l.c .; Asher, lx.) 

Fe 2 (S 04 ) 3 ‘N 0 18 formed from ferric suljiliate 
in 90 p.c. H. 2 RO 4 solution (Mancliot, Zeitsch.* 
physikal. Chern. 1010, 372, 179). • 

The violet coloration produced by NO in 
solutions of CUSO 4 in conccntrat#d H 2 SO 4 is 
due to the formation of an easily dissociated 
compound CuS 04 -N 0 (Manchot, Annalen, 1900, 
375. 308). , • 

A number of other iron-nitric oxide-sulphur 
derivatives of uncertain consUtutions are^ do- 
soribed by Hofmann and Wrede (Zeitsch. anorg. 
Qhem. 1896, 11, 288, and previous referenies), 
Marie and Marquis {(k)mpt. rend. 1896,122,137), 
Bellucoi and Venditori (Atti R. Accad. Lincei, 
1905, [v.l 14, i. 98), Manchot (Zftitsch. angew. 
Chem. 1911, 24, IS 7 and Raschig (xhid. 160). 

Complex cyanogen compounds are described 
by Miolatti (Zeitsch. anorg. *(Jhem. 1900, 26, 
318); complex nitrates and chlorides of the type 
C 0 {NH 3 ) 3 (N 0 )X 2 by Sand and Singer (Annalen, 
1903, 329, 190), and other complex aminos con- 
taining NO by Werner. 

Nitrogen trioxlde, Nitrous anhydride. When 
nitric oxide and nitrogen peroxide are mixed, 
or when hal| the corresponding atomic popor- 
tion of oxygen is added to nitric oxide, a gas 


is obtained .which appears to be a mixture of 
N 4 O 8 molecules with N 2 O 4 , NO 2 , and NO 
molecules in relative amount dependent on the 
temperature and extent of drying. At low 
temperatures the substance consists mainly of 
N 4()3 molecules, and as it vifporises it is dis- 
sociated^thus— 

N.O.^tNA+NO.+NQ 

N 4 O 3 molecules m the liquid state are blue, 
whilst m the gaseous state both N 40 rt and 
N 2 O 3 arc coloui4t)8s or nearly so. On gently 
warming the blue Ikpad becomes green, owing 
rt)bably to the yelb^w NO 2 molecules produced 
y the dissociation giving 'with the blucfN 40 j 
molecules a green mixture (B. M. Jones, Chem. 
Roc. Trans. 1914, 105, 2310), </. Wourtzed, 
Com])t. rend. 1920, 109. 

Preparation. —( 1 ) By reduction of nitric acid 
of .suitable concentration bj’^ a reducing agent, 
usually starch or*A 8408 . According to Lunge 
(Ber. 1878, Jl, 1229), acid of aji.gr. 1-20 gives 
No, acid of sp.gr. i'35 N5O3, and sp.gr. 1'5 
practically all NO^. As, however, the product 
vanes with the concentration, obviously a pure 
(iompound cannot be obtained, as the concentra¬ 
tion IS changing throughout the experiment, and 
Ramsay and Cundall ((3iem. Roc. Trans. 1885, 
187) recommend acid of initial concentration 1*6 
as the most suitable. Tlie arsonious oxide and 
nitric acid au* carefully heated on the water- 
bath in a large retort or distilling flask. The 
action is a])t to become very violent. The gas 
is dried over solid calcium chloride and liquefied 
by ice and salt. If N 2 O 4 is in excess a bluish- 
groen liquid results, which, on volatilising in r 
current of NO and recondcnsing, yields an indigo 
blue liquid at - J0'‘. Its ready dissociation 
into NO and N 2 O 4 , the former of which is only 
liquid at —166 ’, the latter easily eondensabl^ 
rondors the removal of the last traces of N-^Oj 
exceedingly diflicult. 

(2) By oxidation of nitric oxide with oxygen. 
At temiieraturos below —100*^ tlie jiroduct from 
any j’oportious of these gases is always N^Og 
(«?. un^r Nitric oxide). 

(3) By oxidation of liquid nitrogen by passing 
electric discharges through liquid air. So 
formed it remains suspended in the liquid air 
as a flocculent green substance, strongly re¬ 
sembling precipitated chromic hydroxide, but 
on evaporation of the excess of air is left os a 
slightly blue amorphous powder, which molts at 
— 111 ^, and then assumes a deep blue colour 
which persists after resolidification in liquid air 
(Helbig, Atti R. Accad. Lincei. 1903, [v.] 12, 1, 
166 ; Fischer and Braemar, Ber. 1906, 39, 940), 
According to Rcarpa (Gazz. chim. ital. J#07, 37, 
ii. 185), NO is formed in the region of the arc, 
and in the boiling air combines further# with 
oxygen, giving N 20 ^, which under favourable 
conditions may be complete, .since N 2 O 4 is solid 
at temperatures lower than the critical dissocia¬ 
tion temperature. The best form of apparatus 
is described. 

(4) By reduction of N 2 O 4 by NO (PMigot, 
Ann. Chim. 1841, |iii.] 2, 58; Porschnew, 
Zeitsch. anorg. Chem 1894, 7, 214). On 
saturating liquid N 2 O 4 with NO and subse¬ 
quently cooling dark blue crystals of N 4 O 1 
separate, m.p. —193°, no other compound being 
form*ed. The eutectic mixture (63*6 NjO*, 
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36’4 NO)» melts at —112® (Wittorff, J. Buss, further concentration, evolves NO, and on 
Phys. Chera. Soc. 1904, 36, 867). dilution gives nitrous acid ; but according to 

( 6 ) By the action of 6 N and 6 N nitric acid Baker it is practically insoluble in water and 
upon copper. The gaseous product consists sinks, forming NO and NjO^, the latter dis- 
almost entirely of nitrogen trioxide. With solving in the water. 

stronger acid nitrogen peroxide is formed in With concentrated HjSO^, nitrosyUulphuric 
amount depending upon the strength of the actrf (< 7 .r.) is formed. 

acid (Bagster, Chem. Soc. Trans. 1921, 119, 82). Oxygen is without action "below —110°. 

NjOj Is also produced by action of water on Above —100° it is converted into Nj 04 (v. 
load chamber crystals, and on nitrogen peroxide, under NO). As an oxidising agent on metals it 
PropertKA .—Nitrogen tnoxide, at ordinary beliaves as a mixture of NO and NOg, NO being 
temperatures, gives a biown*gaa which has a formed at low temjieratures, and Nj at higher 
density corresponding to a mixture of NO and I temperatures. Like N 2 O 4 it is absorbed by 
NOj, allowing for polyinA-isation of the latter i alkalis, but more rapidly, and it is supposed 
(Ramsay and (iundall, (Jbem. Soe. Trans. 189(i, I that it is the N^Oj in the equilibrium 
37, 690; Porschiiew, lx.), borne out by the fact i KO-L-NO M (> 

that the Rjiectra of NOj and gaseous N^Oj arc j "r 2 2 3 

identical (Moser, Wied. Ann. 1877, 2, 139), | which is absorbed (r/. be Blanc, Zeitscb.Elektro• 
while the blue liqifid has no definite b.p. At ' chem. 1906, J2, 644). This is borne out by the 
— 21 °, however, its composition la very closely ^ fact that liquid N 4 O 4 at — 22 ° is instantly 
N 4 O 9 (Prancesconi and Sciacfa, Gazz. chirn. ital. I absorbed by NaOH, whereas liquid N 2 O 4 reacts 
1904, 34, ], 447). From the vapour pressure : only slowly (Foerster and Bhch, Zeitsch. angew. 
curves between - H0° and 35° the b.p. of jiiire i (diem. lOlo, 23, 2017). Dry nitrogen trioxide 
nitrogen trioxide would ajipeur to bo —27°/70() ! is quantitatively absorbed by dry potassium 
mm. By prolonged drying over phosphoric j hydroxide (Klinger, Zeitsch. angew. Chem. 


oxide, H. B. Baker and M. Baker found that its 
temperature could be raised to 43'’ before any 
sign of ebullition could be deteeted (tdiem. 80 c. 
Trans. 1912, 2339). M.p. -193° (Wittorff), 
— 111° (Holbig): .sp.gr. at O'’ 1-4490 (Geuther, 
Annalen, 1888, 246, 90). 

Fure nitrogen trioxide can exist only at very 
low temjxu-atures in the solid state, or in the 
liquid state under pressure of nitnc oxide. At 
temperatures above — 1(XJ° it dissociates. It is 
not possible to distil it in a vacuum because of 
the immediate formation of an atmosphere of 
nitric oxide at temperatures at which ilistillation 
ia possible (Baume and Kobert, Cornpl. rend. 
< 1919 , 169, 9(i8). 

The discovery that dis.«ociation of am¬ 
monium chloride and other substances docs not 
take place in complete absence <d moisture led 
to a similar investigation of nitrogen trioxide 
(Baker and Baker, Chem. Soc. Trans.^ 1907, 
1862). Bulbs containing known weights of the 
carefully prepared and dried liquid were broken , 
in a Lunge nitrometer ever dry mercury (wdiich* 
is practically unaffected), and the densities ao 
found varied from 43*2 to 48-(5, that of uii- 
dissociated NaOj being 38. On admitting con¬ 
centrated H 2 SO 4 absorption took place bo 
rapidly that the impact of the mercury en¬ 
dangered the tube, Mhcreus a mixture of NG*, 
and N 2 O 4 is only comparatively slowly absorbed. 
Further determinations with a .special V". Meyer 
apparatus {ibid. 19(X), 047) varied from 38*1 to 
62’2, <!he samples being taken from several 
preparations which had been condensed at 
diffo^nt temperatures and dried for varying 
lengths of time, and containing varying propor¬ 
tions of the polymeric N 4 O 4 , which, however, 
was not obtained in the pure condition. 

In the hope that in solution at low tempera¬ 
tures the higher polymeride would be present in 
greater amount, molecular weight determinations 
wew made in benzene solution, but the values 
obtained were 83, 83*2, and 96, showing this not 
to be the cose. Nitrogen trioxide is without 
action on benzene. 

As usually prepared it mixes with water, 
giving a blue-green liquid which above 0 °, by 


1914, 27, 7). 

Its solution in carbon tetraclilorido reacts 
with one of .SG 3 precqiitating ttulphomlroua 
anhydride (SOj).(N 2 ^^a )2 needles, m.j). 100 °~ 
200°; b.p. .3()2^-30r)‘7728 mm. Hence Frovo- 
staye's nitrofiifl miphulc (Ann. Ohim. 1840, [ii.] 
73, 362). m.p. 2l7°-230°; kj). 360°, is there- 
ft)re of greater complexity than 
probably ( 803 ) 4 (^^ 03 ) 4 . The ieiramlpliak is 
also known (Fictot and Karl, Bull. 80 c. chim. 
1908, [iv.l 3, 1114). 

Nitrosyl perchlorate NO-Ot^O^-HgO sepa¬ 
rates in leaflets when N 2 O 3 is passed into 
concentrated perchloric acid (Hofmann and 
Ledtwitz, Bcr. 1909, 42, 2031). With un- 
saturatod carbon compouiidH it forms additive 
compounds. 

Nitrogen peroxide, or tetroxide (‘ byponitrio 
acid ’). This oxide is only capable of existing 
as NOg in a pure condition within narrow limits 
of temperature. At low temperatures the 
polymerised pioduct NgOj is the stable form, 
which dissociates on rise of temperature into 
N( 5 a, but tiiia in turn is easily dissociated on 
further rise of temperature into NO and oxygen. 
For its docqmposition under the influence of the 
electrical glow, see Zenneok and SWasser, Zeitsch. 
pbysikal. Chem. 1911,12,1201. 

Pr^paral(on.--lt is produced by oxidation of 
nitric oxide with oxygen, as first shown by Gay 
I Lussac, and thus results on oxidation of nitrogen 
I witVi excess of oxygen under ordinary conditions, 
j NG and O 3 in the proportion 2 : J, dried and 
well mixed by passing through a tube filled 
with glass or porcelain fragments, condense at 
—20° to a c<&lourIes 8 ory.stalline mass of Nj 04 
(I)ulong, Ann. Chim. 18^6, [ii.] 2, 317; 
F^ligot, ibid. 1841, [iii.] 2, 68 ). Similarly the gas 
resulting from tlfe action of concentrated nitric 
aejd on arsenious oxide is converted by excess 
of oxygen into N 3 O 4 . 

Mandl and Russ (Zeitsch. angew. Chem, 
1908, 21, 486) state that the rate and extent of 
union of NO and Og is affected by the character 
of the oxygen; for example, electrolytic oxygen 
is more active after passing over ^heated pwla- 
dium, and ozonisation retards the action. 
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Atfcording to Holwech {%hid. 2131), however, 
this is not the case, union being practically 
complete in each instance, and the velocity of 
reaction the same with oxygen from all sources. 

A good yield of NO* is said to be obtained 
by passing air and steam through a thin-walled 
porous porcelain tube at 1000 ®, the difftiaion 
of the hydrogen formed being increased by 
raising the inside ])re 8 sure and lowering that ; 
outside the tube (Wostdeutschc Thomasphos- 
phatwerko, I). H. V. 182207). 

• It is also obtained by passing nitric acid 
vapour through a hot tube, and by heating 
metallic nitrates, 

rb(N 0 ,),-Pb 0 + 0 -|- 2 N 02 

Those of the alkalis evolve NO^ when electro¬ 
lysed in the fused condition {B(tgorodski, J. llnss. 
Phya. (!hein. Soe. 1005, 37, 7f)3).- It is formed 
by union of N 2 O., and Also by treating 

with fuming sulphuric acid a homogeneous 
mixture of alkali nitrate and nitrite, made by 
fusing the salts together or pouring the fused 
mixture into carbon tetrachloride. 

NaNO,+NaN'(),-i H.,S,() 7 - 2 NaK.S 04 -l- 2 N 02 

Sufficient NallSO^ frmn a previous preparation 
is added to fix any free SOt jiresent— 

2NaHSO^ H - SO, - Na .S.O,+11 ..SO,, 

(Winana, I). K. P. 1 

It is evolved on warming chamber crystals 
with ICNO 3 , thus : 

N 02 -S 03 H 4 -KN 0 ,~ 2 N 02 +KHS 0 , 
and by the action of nitric acid on nitrons 
acid or a nitrite— 

HNOa+R-NO.-R'OH-i 2 iSI ,02 
{Girard and PaRst, Bull. Soc chiin. 1878, [ii.] 30, 
531). 

Projterlii^.s .—At ordinary t(‘niiieratures an 
orange-coloured corrosive gas of peculiar and 
unpleasant odour. At higher temperatnrc.s it 
becomes much darker in colour, turning lightcT 
again on further rise, and finally colourless when 
dissociation into NO and oxygon is complete. 
It condenses to an orange-yellow liquid, b.ji. 
26®-26® (Hosenbaeh ; Bruni and Berti, Atti R.* 
Aecad. Lincei, 1300, [v-l 9. i. 321); 2i*'97® 
(Thorpe and Rodger, I'hil. Trans. 180-4, ^51); 
21*2® (Scheffer and Treub, Pro#. K. Akad. 
Wentensch Amsterdam, 1911, 14, 53fi). For 
the influence of prolonged contact wi^i phos¬ 
phoric oxide in modifying the b.p.,of nitrogen* 
peroxide, see H. B. Baker and M. Baker (l.e.). 
At 10® it is pale yellow, and when solid cojour- j 
less. M.p. —lOT® (Ramsay, Zeitsch. pliysikal. , 
Chera. 1890, 5, 221), -10*95® (Bruni and I>erti. ; 
I.C.), —10*8® (Scheffer and Treub (/.c.), —10*5® j 
(Egerton). Critical temperature 171*2'’, 158*2® j 
(Scheffer and Tre^b); critical pressure 100l2 . 
atmospheres. | 

In the solid state it probably exists entirely | 
as N 2 O 4 , and almost entirely so in the liquid 
state, though not ascortainod by exjierimoiit. 
In the gaseous state and in solution, however, 
its behaviour is accurately known from its 
■ viipour density measurements, which are in 
accord with the conclusions drawn from other 
physical properties, such as absorption of 
fcht, conductivity for heat, and specifid^heat. 
lie vapour pressure of nitrogen peroxide has 


been studied by Guye (J. Chim. Phys 1910, 8 , 
473), Scheffer and Treub (Proe. K. Akad. 
Wetensoh. Amsterdam, 1911, 14,536), Russ and 
Eberwein (Zeitsch. physikal. Chem. 1913, 82, 
217), and Egerton (Chem. Soc/Prans. 1914,106, 
047). The following table given by Egerton 
shows the vapour pressure of solid nitrogen 
peroxide for every 10® below —30^’ down to 
— 100®, calc, by log p—14'9I()()+^(0'0604):— 


Temp. 

Picas In mm. 

Temp. 

Vrosfi. !n mm. 

-30® 

,3d 24 

-70® 

0-161 

-40® 

9-77 

-80^ 

0-0311 

-.50® 

2-4,}» 

-90® 

0-0003 

-60® 

0-605 

- 100 ® 

0-0023 


A(‘e(trding to Scheffer and Treub the vapour 
pressures at higher temperatures are as follows ■— 


* 

mm. 


mm 

- 36-0 

18 

7-7 

293 

- 23-0(solid)- 

53 

15-0 

665 

23-0 

70 

21*45 

770 

- JO -0 

140 

27-4 

1007 

- 6*9 

180 

39 0 

1668 

-- 0-G 

256 

43*2 

1082 


'rii(‘ liquid is not jiolymerised further than 
N..G 4 niir IS tlie gas, as shown by its molecular 
j w<‘ight in acetic aenl (Ramsay and Shields, ibid. 
1893, 12, 433; Rain.s<\v, (4iem. Soc. Trans. 
1888, 53, 621). 

Its further dissociation into nitrie oxide and 
oxygen aci^urately known from its density. 

-5“ -2" 0^ 5“ JO® 15® 

Sp.gr 1-5035 1 *.5020 i -4935 1*4880 1-4770 1-4740 
(Gcuther, Annalen, 1888, 245, 96). At 0® 
1-4903; at 21-6" 1*439() (Thor|)e, Chom. Soc. 
'i'rans. 1880, 37, 224); r/. Bonsfield, Chem. Soc. 
'I'l’ans. 1919, 47. 

'Phorpo lind.s the expansion of liquid N 2 CJ *4 
to bo very regular, 1 vol. at 0 ’ becoming at 
■ 5° 10® 15® 20® 

1-00789 1 01073 1 02370 1-03196 

Pasc.^ and Gamier (Bull. Soc. chim. 1919, [iv.] 

; 25. .309), find that the density of nitrogen 
' peroxide between 0""21 -5® niay bo represented 
I by tlie equation 1-490- 0-002151 The 

1 vapour densities found by various observers 
j have been collected by Schiiiber (Zeitsch. 

I iihysikal. Chem. 1897, 24,'651), wnd the di.ssocia- 
tion constants calculated. The following values 
of arc given— 


«• 

K 

0-0 

8-080 

18-3 

3 710 

40 i) 

1-110 

73-0 

0-044 

09-8 

0-273 


At 64® one-half of tltfi NP 4 mols are dissociated, 
and at 150® they are wholly dissociated (v. also 
Bodenstein and Katayarna, Zeitsch. Elektro- 
chem 1909,15,244). Above 160® decomposition 
into NO and oxygen takes place, and at 620® is 
practically complete. At 184®, 6 p.c. is dis¬ 
sociated, and at 494® 56*6 p.c (Richardson, 
('hem Soc. Trans. 1887, 51, 397). Sp.ht. ol 
liquid 0*477® (Ramsay, Zeitsch. physikal. Chem. 
1890, 5, 221). 

Apparently anomalous values, obtained by 
Berthelot and O^ier (Ann. Chim. 1883, 30, 
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382) for the sp.ht. of the gas, are explainable 
by its dissociation (Swart, Zeitsch. j)hy8ikal. 
Chom. 1891, 7,120). 

Heat of formation 2N 4-40—3900 cal 
(Thomsen) (9 p.c^ NOj, 91 p.c. Na 04 ). Heat of 
dissociation about —13,000 cal., and calculated 
heat of formation of undissociated NjO* —2650, 
and of NOg —8125 cal. Heat of formation of 
liquid —2200 and -2500 cal. (for N()«'--46 gr.) 
(Rertholot, Ann. (’him. 1875, [v.| ”6, 145); 
heat of vaporisatinn nt 180’' - 4300 cal. Latent 
heat of fusion —32-2 to —.37'!; cal; calculated 
from freezmg-point lowering, —33‘7 (Ramsay, 

The heat eonductivity value.s also nneul its 
dissociation (Kehciani, ('hem. Zentr. 1905, I 
331). At 1504 the conductivity of NOo is 
0-0033. 

Refraction equivalent of lupiid 11-8, (lis- 
persion equivalent 0’82 (Gladstone, (’hem. News, 
1887, 55, 300). Refractive index of va])our at 
36®, 1*000503 (Dulong; v. Zeitsch. ])hysikal 
Chem. 1901, 36, 332 ; r/. (!. aiidM (hithbortson, 
Rroc. Roy. iSoc, 1913, A, 89, 361). For the 
spectra of nitrogen jieroxide, v. Ihdl (Anier. 
(Jhein. J. 1885, 7, 32}. 'Ibe vapour does not 
conduct electricity, and the liquid only slightly. 

Dielectric constant (?’ Radeker, Zeitsch. 
physikal Chom. 1901, *3(5, 305). 

Chemical j/roperhes .—It is reduced to 
ammonia if passed with hydrogen over platinum 
black (Kuhlmann, Annalcn, 1839, 29, 272), or 
over reduced nickel or copper (Sabatier and 
Senderens, (.’oinpt. rend. 1!102, 135. 278). 
Carbon, suliihur and phosphorus burn in (lie 
gas, carbon monoxide burns to (‘O^, and 
hydrogen sulphide to sulphur, with formation 
of NO. 

Potassium burns with a red flame, and 
sodium, though not igniting, deeonqioses tiic 
gas at the ordinary temperature, mIuIo many 
metals and lower oxides are oxidised on heating 
to 5904 and some metals form additive com¬ 
pounds (‘nitro metals’) with the Jiquid 
N 204 (Cu 2 N 02 ,Ni 4 N() 8 ) similar to the carbpnyl 
compounds (Sabatier and Senderens, Ann. 
(’him. 1896, [vii.] 7, 348). Other metals, 
such as K, Na, Hg, Plf, form the nitrate with 
production of NO. It also forms additive com¬ 
pounds with many metallic salts (FeCla'NOg, 
SnCl4*N02, Ac?) (Thomas, ibid. 1898, [vilj 13, 
145) and with unsaturated organic compounds 
(nitrosates). 

With water N 2 O 4 exhibits its mixed anhy¬ 
dride character. With small quantities of water, 
however, the reaction 

^ 2Ng04+H20=N/)34 2 HN 03 
takes place at low temperatures, two layers 
being formed, the lower, deep blue N 2 O 3 . 
Further dilution converts the nitrous anhydride 
to nitrous acid, which on rise of temperature is 
decomposed with evolution of NO (Schonbein, 
Pogg. Ann. 1848,73,326). Cf. Oddo (Gazz. chim 
ital 1916, 45, i. 413) who finds that nitrogen 
peroxide tends to form a hydrate to wliich he 
gives the name of nilrostc acid and the con- 

Btitutod 0 ; N(OH)<))>N ; OH, and to nitro- 

gen peroxide the structure 0 : N4!_ 4 N: 0. 

^ • 


With aqueous alkalis, a mixture of nitrite 
and nitrate is formed (t?. also under NgOa). 
Metallic oxides under pressure form the nitrate 
only, evolving NO. BaO, however, according 
to Dulong, forms a mixture of nitrite and 
nitrate at 200° (Annalon, 1862, 122, 18). 

Liquid ammonia reacts explosively with 
solid N 2 G 4 at — 8 O 4 but a current of gaseous 
NH 3 led over the solid at — 20 ® reacts less 
vigorously, and the producls are N 2 , NO, HgO, 
j NII^NGt and a trace of NH^NO.j (Besson and 
; RohhcI, (Jompt. nuid. J!K)6, 142, 6.33). l)r^ 
j oxygen docs not oxidise it, but ozone converts 
! it t*t (he ])ento\ide. In presence of water, 
oxygen and oxidising agents convert it into 
nitric aeul. It is absorb<‘d by dilute and con¬ 
centrated IINOji (e. Weber, Pogg. Ann. 1867, 
130,277; Imiige, Rer 1879,12.1058; Rousfield, 
Chem. Soc. 'I'rans. 1919, 45). The density of 
nitric acid sliows a marked increa.so with the 
addition of nitrogen jicroxide (rf. Lunge and 
MarchJew.sky, Zcitsi-li. angew. (’hem. 1912, 10), 
I reaching a niaxnnnm when the mixture eontaios 
about 42’5 p.e. by w("ght of the peroxide, 
corresponding to N 2 (),i,N 2 ^ 4 '^^ 2 (b stable at 
— 48'5'^, above wlneh temjiorature it dissociates 
(Rascal and Gamier, l.e.). With SG^ 8 O 3 
it give.s various substances of not very clearly 
dcliried eharaiTer (Weber, l.r. ; Hasenbach, 
J. ]>r. (’hem. 1871, fii.] 4, 4; Friedburg, Cheiii. 
N<‘wh, 1883, 47, 52). With siilpliunc acid it 
forms mho'iijl-Kiilphiiric and mine acids, 

II 2 SO 4 +N 8 O 4 . N()2*S03H4-11N03 
(Lunge, Ber. 12, 357). 

It lias been used as a solvent for cryoscopic 
nicasureineiits. iVloIecnlar raising of b.p. 13'7®, 
inolceiilar lowering of freezing-point 41® (Ram¬ 
say, Zeitsch. phy.sikal. (!hom. 1890, 5, 221 ; 
Rrankland and Farmer, C9i(;m. Soe. 'rrans. 1901, 
79, 1356; Brum and Rerti, Ga/z. chim, ital 
1900, 30, 11 . 151). 'I’lie liquid has been used 
m explosives (Scttlick, Ghein. Zentr. 1888, 461). 

Const if ut ion .—The formula of the dioxide 
may be written — 



and — 0 —N =0 


and*chat of the tetroxide— 


Oj 02~N-0-N=0, 0=N-0-N=-0 

The reaction with water favours the second of 
these. lH]^>ty and Scliwerin (Rer. 1901, 34, 
1884 and 2354) suggest 0—N—0 as the formula 
for the dioxide; but Jtivers (Chem. Soc. Trans. 
1904, 110) jirefers the fortnula (t—N=0 for the 
dioJtide, and for N 2 O 4 advances reasons in 
favour of the formula (NO) 20 g, ‘ di-nitrio 
peroxide.’ 

Pure nitre^en peroxide c^oes not react with 
cold aromatic hydrocarbons. With benzene at 
80® the main projlucts are 1.3.5-trinitrobenzene 
and picric acid. Nitrobenzene is indifferent 
at 80®. Phenol dissolved in a cold mixture of 
benzene and light petroleum is readily nitrated 
to o- and p-nitrophenol. ‘o-Cresol gives 0 - and 
p-nitro-o-cresol; w-cresol yields 0 - and p-nitro- 
w-cresol, whilst the p- compound gives o-nitro- 
p-cresol and o-dinitro-p-cresoL 1.3.4 wi-xylenol 
is converted into the corresponding 6 -nitro« 
compound. 
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a Naphthol gives a mixture of 2-nitro* 
a-naphthol and 2 4>dinitro-a-naphthol. Acet¬ 
anilide in ethereal solution is transformed into 
benzene-diazonium nitrate. Diphenylamine in 
ethereal solution yields diphenylnitrosamine; 
in benzene solution it gives p-nitrodiphenyl- 
nitrosamine (Wieland, Ber. 1921, 64, 1776; 
J. Soc Chem. Ind. 1921, 40, 763, A). A con¬ 
sideration of these reactions leads to the 
formula 02 N*N 02 as the most probable con¬ 
stitution of nitrogen peroxide, whicli is also in 
tiocord with its other reaction.s and it^ dis- 
sociability • its decomposition by alliali is then 
analogous to that of other symmetrically- 
paired atoms or radicles, e.g. cyanogen to cyanide 
and cyanate, chlorine to chloride and hypo¬ 
chlorite. 

iao-NHrofjcn Utroxide. —According to Kaschig 
(Chem. Zeit 1907, 31, 359), thj red vapours 
formed from nitric oxide an<l air are of different 
composition from that usually accepted, tho 
first product being m-nitrogen fc.troxidc (f/.) 
distinguished from the ordinary tetroxido {h) 
by its reaction with sodium hydroxide— 

(o) N2(>4-12NaOH-^-2NaN(>a I II.O I 0 

(6) N2()4+2Na()H-NaNO.+NaNOa-l- H-/> 

With larger excess of oxygen the iw-pentoxide 
and a hcxoxidf- and heptoxidc are said to be 
formed— 

N.> 05 -f 2 Na 0 H--NaN 0 «+NaN 03 +H/J-l -0 
Na()e-l-2NaOHv-2NaNO. f H..O-h;U) 
N30,+2Na0Il^-'NaN()2+NaN03+J'l20-l-30 
((/. Midler, Zoitsch. anorg. Chem. 1912, 70, 
324; iind. 1914, 86 , 230; Kaschig, ihid. 1913, 
84, 116). 

According to Muller the green substance, 


I the operation in a current of ozonised oxygen, 

; which prevents decomposition into oxygen and 
j lower oxides of nitrogen; to remove the last 
i traces of moisture the gases should bo passed 
I through a long tube containing phosphorus 
! pontoxide. The nitrogen pentoxide is almost 
j completely condensed at —80“ {Kuss and 
j Pokorny, Monatsli. Chem. 1013, .34, 1051 ; 

1 Daniels and Bright, J. Amer. Chem. Soo 1020, 

I 42, 1131). 

After recrystallisation it is obtained in 
'white glistening*rhombic crystals, sp.gr. 1-63, 
j m p. 29'5“ (Borthelot, Bull. Soo. ohim. 1874, 
!jii 1 21, 53) It boils with decomposition into 
1 N 2 O 4 and oxygen at about 45“. It darkens m 
! colour on riso of U*mj)erature, the crystals 
i becoming yellow some time before melting, at 
j which point It is orange coloured, further 
: turning dark-brown as tlie timiperature rises. 

1 Tho vapour jiressnrc of nitrogen pentoxide is 
given by tho fornTula— 

log Pmw = 1244/T-1-34'1 log T—86‘929 

(l‘)anicla and Bright, J. Amer. Chem Soc. 1920, 
42, 1131). Calculated molecular heat of fusion 
! 8280 cal., and heat of evaporation —4840 cal. 

, Heat of tormation of solid 13,100 cal 

(Berthelot, Ann. (Jhim Phys 1875, [v.j 6 * 202). 
t lienee heat of formation of gaseous NjO. is 
j practically nil. Heat of sublimation for various 
[ absolute tem])eratureH : 263“, 12,300 cal ; 

j 273", 12,760; 2H3“, 13,360; 293“ 14,140 

1 (Daniels and Bright, l.c.). Heat evolved 
! with one moleculo of water, 2300 cal Heat of 
I solution in excess of water 16,200 cal. (Berthelot, 
i Lc.). 

! NgOj dissolves in water giving nitric acid. 
! It lias no action on carbon or metals. It is 


assumed by Kaschig to be NO 3 , is a mixture. 
The colour may lie exactly imitated by dipping 
a test-tube containing liquid air m liquid 
nitrogen trioxidc, and after a frozen layer has 
been formed, in liquid nitrogen tetroxide. 3’he 
two layers of blue and yellow give a green, whicli 
is exactly similar to that of the supposed 
hexoxide. 

. Nitrogen pentoxide, nilric /mhi/dride N.^O^, 
may be prepared as folluw.s :— * 

(1) By oxidation of nitrogen peroxide Vith 
ozone (Heibig, Atti K. Accad. Lincoi, 1903, |v.) 
12, i. 211; Zeitsch. Elcktrochcm. 1906, J2, 
560). 

(2) As first prepared by Deville (Ann. Chim. 
1849, fiil] 28, 241) by action of ^ry chlonnc? 
on silver nitrate warmed to 50“-fi0“. 

' 4AgN03+201, =,4AgCl+03+2N,0, • 

the gaseous product being condensed m a 
freezing mixture. 

(3) Most conveniently, as first obtained by 
Weber, by dehydration of pure citric acid with 
phosphorus pentdxide, with constant cooling 
(Meyer, Ber. 1889, 22, 23). 

The syrupy liquid producld is poured into a 
dry retort and distilled into a receiver sur¬ 
rounded by a freezing mixture- The orange- 
red distUlato separates into two layers, the 
upper of which is poured into a separating 
funnel and cooled in ice. The crystals formed 
are drained, again melted and crystallised and 
drained froja the mother liquor • 

The operation is facilitated by performing 


useful as a nitrating agent. For this purpoae, ^ 
(iibson (Kroc. Koy. Soc. Edin. 1908, 28, 70S) 

: gives details for making large quantities. It 
j dissolves in freshly distilled and fused sulphur 
; trioxide, giving a practically pure product in 
; alnifjjt theoretical yield, b.p. 218“-220“; m.p. 

; 124''’-128 , which is also obtained as a crystalline 
! precipitate on mixing carbon tetrachloride 
; solutions. Its formula is {SOglj’NgOj, and its 
' probable comstitution-*- 


..^SO^-O-SOa-O'NO 
^ ^S02■0•SO2•0'#() 


a 

it 


(Pictet and Karl, Compt. rend. 1907, 145,238). 

Ntlrogen hexoxide .—HautefeuiUo and Cbap- 
puis observed a characteristic absorption 
spectrum during the pa-ssage of a silent electric 
discharge in air (Compt. rend. 92, 80; 94, 946, 
1306). Warburg and Leilhiiuser (Sitzungsber. 
Akaci. Wiss. Berlin, 1907, 229) observed the 
same from ozone and NgOg at 0°-18“. It is 
suggested that it is due to a higher oxide, prebably * 
NgO*. (c/. Muller, j^eitscli. anorg. Chora. 1912, 


76, 324). 

Nitrous acid HNOj. Nitrous anhydride 
dissolves in excess of ice-cold water with pro¬ 
duction of this acid. The solution, however, is 


extremely unstable {ej. Knox and Reid, J. Soo. 

. Chem. Ind. 1919, 38, 105, T), but its metallic 
and etliereal salts are comparatively stable. 

Nitrites are found to some extent in nature, 
and occur in the sap of certain plants (Maz 6 , 
Compt. rend. 1912, 156, 781 ; Bach, Bioohem. 
l^ilsch. 1013, 52^ 418; Klein, Bied. Zentr. 
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1915, 44, 162). Their universal presence in air 
has been shown by Sohonbein (Chem. News, 
1862, 241), Warington (Chem. Soc. Trans. 1881, 
220), and Hayhurst and Pring (r. under Nitro¬ 
gen). • 

An nitrites are soluble in water, ^nd the 
majority dissolve in alcohol. 

Prcjtarniion .—Alkali and alkaline earth 
hydroxides and carbonates absorb N 2 C )4 and 
in the first case, giving a mixture of 
nitrite and nitrate, and in the second case, if 
NO be present in slight excess, practically jiure 
nitrite (Divers, Chom. Soc. Trans. 1S99, 75, 85). 
The acid may be obtained in solution by tht» 
action of dilute suljihunc acid ujion a wolution 
of barium nitrite. On the commercial scale, the 
nitrous fumes electrically produced from the air 
are kept at 300" until absorbed, whereby 
oxidation of the NO only jiriK-ei^ds as far- a.s 
NjOfl, and on absorption (jn strong nitrite 
solutions, which have low vajiour tensions) 
pure nitrite is produced (Badische Amlin u. Soda 
Pabrik, D. R. V. 188188). 

For the formation of ammonium nitrite, .vcc 
Ray, (Jhem. Soc. Trans. 190J), 95, 315 ; Neogi 
and Adhicary, ibid. 1911, 99, 110. 

Nitrites are obtained by reduction of ml rates, 
and also by oxidation of nitrogen coinjiouiids 
richer in hydrogen. * 

For the formation of nitrites frtim nitrates 
in aipieous solution under the action of sunlight, 
see Moore, Proc. Rt>v. Stic. 1917. For their 
photochemical assiniilati{)n. sec Baudisch and 
Mayer, Zeitsoh. jihysiol. Ohem. 1914, 89, 175. 

Many nitrates are reduced to nitrites by 
fusing with lead, eo])}K*r, carbon (Fischer, Pogg. 
Ann. 1848, 74, 115). sulpluteH (Rtard, Bull. Sue. 
chim. 1877, (ii.l 27, 434), sulphidc.s (Roy, (_'ompt. 
Dcnd. 1889, 108, 1261), and m solution by re¬ 
duction with Na, K, ('a and other metal.'* 
(Schbnbein, .1. pr. Chem. 1868, 105, 20(>). and 
further by electrolytic reduction, the conditions 
for which have Ikmmi worked <uit by Muller and 
Weber (Zoitsch. Kleklrochein. 1903, 9, 95.'^, 978) 
and Muller and Sjutzer {ibid. 1905, 11, 917). 
Silver is found to be the best cathode, reduction 
to nitrite being almost complete before further 
reduction to ammonia *cake.s ])la(‘e. Using a 
copper anode the yield is almost quantitative. 

Nitrites arn.aiso produced by oxidation of 
ammonia with hydrogen })eroxide (Weith and 


it is chemically a fairly strong acid, about 
20 times as strong as acetic acid. It is slowly 
displaced from solutions of its salts by carbon 
dioxide (Moore, J. Amer. Chem. Soc. 1904, 26, 
959). 

The velocity constant of decomposition 
=0*00014 at 0^ 0-00022 at 21", and 0*00057 
at 40" (Ray, Bey and Ghosb, (fhem. Soc. 

: Trans. 1917,413). 

i Comluctivities at dilutions of 512, 1024, and 
i 1.536, are 150-7, 189, and 217-0 respectively 
j (Schumann, Ber. 1900, 33, 527). Calculatea 
I velocity of nitrite ion ()4-r) (Pick finds 63 from 
i AgNO;,, arul Vogel (Zeitsch. anorg. Chem. 1903, 

1 35, 380) (51-7 from Ba(N() 2 )a), and dissociation 
constant 0-00045 at 0 “ = ()4-l0* (Ray, Dey and 
Ghosh); Bauer (Zeitsch. physikal Ohem. 1902, 
41, () 8 I) finds 0*00064. 

Heat of n<»utrahsation (with baryta) 10,600 
cal. (with ammonia) 9100 cal. (Bcrtliolot, Ann. 
Clum. 1875, [v.J 6 , 14.5). 

Heat of formatimi 

N+Oa + H + Aq-HNO.+ 30,770 cal 
'I'he aqueous solution on warming evolves NO 
I leaving njirnr acid 

3 IINO 2 -HNOg-r ^NU + HgO 
this decomposition proceeding in the cold in 
presence of rough surfaces (sand, glass frag¬ 
ments, &c.). For l.h<! d>mamics of the oquili- 
briiim, V. SaposhiuUon' ('•!. Russ. I’hys. Ohem. 

1 Soc. 1901, 33, ,506), Lewis and Edgar (.1. Amor, 
i (’hern. Soc. 1911, 3.3, 292), and of the decomposi- 
j tioii of silver nitrite, Abegg and Pick (Zeitsch. 

' anorg. Ohem. 1906, 51, I). 

, 3’lie solution of the acid is more stable in 
jiresence of nitric oxide under pressure. This 
' fact has been ajiplied to the diazotisation of 
; djtjjfroanilinc, tribromoanilinc, and /esulpho- 
: ben-/,(inouzo-«-na])hthylaiiiinc (Briner and Jonas, 
Hclv. (3nm. Acta, 19*20, 3, 366). 

It IS completely oxidised to nitric acid by 
the iisuol oxidising agents. Its oxidation by 
^ hydrogen jieroxide and subsequent precipitation 
with ‘ nitron ’ acetate is recommended by 
I Busch (Ber. 1906, 39, 1401) as a good method of 
; estimation. An oicellont precipitant for nitrites 
*i.s 2 : 4-diamino-6-hydroxypyrimi(line sulphate 
(HaJyn, Ber. 1917, 50, 705). (For its detection 
and estimation, v. under Analysis.) 

It also behaves as an oxidising agent, being 


Weber, Ber. 1874, 7, 1745; Hoppo-Seylor, ibid. 
1883,16, IOK;). 

According to Oswald (Ann. Chim. 1914, [ix.] 
1, 32), the only practical mctliod for the pre¬ 
paration of pure nitrites of the alkali and 
alkaline-earth metals is by double decomposition 
of silvft- nitrite with the chlorides of tho.se 
metals. 

S(fa6nbein has shown that copper is oxidised 
when immersed in aqueous ammonia in contact j 
with air, whilst the ammonia is at the same j 
time oxidised to nitrite, and Traube and Biltz 
(Ber. 1904, 37, 3130; 1906, 39, 166) have 
studied the electrolytic oxidation of aqueous 
NaOH containing ammonia, in presence of 
copper hydroxide as catalyaer. With a current 
strength of 5-15 amperes and platinum or iron 
electrodes, practically the whole of the anode 
oxygen is used up in converting the ammonia 
present into nitrite. The final product is nitrate. 

Properties ,—^Though very jinstable in solution 


, itself reduced to NO, H 2 N 2 O 4 , N 2 O, NHgOH, 
' ot eveiir further to Nj and NHg by reducing 
! agents such as stannous chloride, hydrogen 
I sulphide, sodium amalgam (Divers, Chem. Soc. 
’ 'rian-j. 1899,75, 87), and by electrolytic reduction 
I (Tanatai, Ber. 1896, 29, 1039). 

I I'hc primary reduction product appears to 
i bo the radicle NOM', wbich-gives hyponitrite 
by condensation, and hydroxylamin© and 
ammonia by reduction {v. vinder Hyponitrous 
and). 

With hydrazinr^ the following quantitative 
reaction takes place— 

NaH^d-HNOa-NaO+NHa+HgO 
There is no evolution of nitrogen as Girard and 
Saporta (Bull. Soo chim. 1904, [iii.] 31, 905) 
state (Francke, Ber. 1905, 38, 4102). 

Consiitutxon. —I’he molecular weight from 
cryos^pic measurements in aqueijus solution 
is in accordance with the formula UNO, 
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(Saposhnikoff, J. Russ. Rhys. Chem. Soc. 1909, 
41,1704). 

In most of its reacticns its behaviour indicates 
the constitution 0=N*0H, but it may have 
the constitution OasN*H. The fact that many 
nitrites readily evolve NO 3 on beating, and 
give nitroparaffins with alkyl iodides, v'ould 
suggest the latter to be correct (Divers, Chem. 
Soc. Trans. 1885, 47, 205 ; Kieseritzky, Zeitsch. 
physikal. (Jhem. 1899, 28, 421 ; Bauaisch, Bcr. 
1916, 49, 1176). As, however, alkyl nitrite is 
%l 80 produced in yield which vanes with the 
alkyl iodide used, this latter reaction affords no 
definite clue to its constitution. 

Ley, on the other hand, shows that mercurous 
nitrite exists in solution as an oxy salt (Her. 
1899, 32, 1357), and the reduction of nitrous 
acid to hyponitrous acid also points to an oxy- 
structuro. , 

Acid Halioks of Nituous Acid. 

Nitrosyl fluoride NOF is prepared by the 
action of nitrosyl chloride on silver fluoride. A 
small fiask eoniaining NOl’l cooled to —5'’ is 
attached to one end of a long i>latirium tube 
containing tl»e silver tliionde, and kept at 200 ''- 
250'", and the NOl'l slowlj' distilled through. 
The product is condensed in a small platinum 
flask cooled in liquid air, and on fractionat ion 
gives a colourless gas, b.]i. 56'^. m.p. -ISt'', 

In the cold, silicon, burou, rotl phosphorus, and 
sodium take lire in the gas, and antimony is 
at once acted on, the fluoride and nitric oxide 
being formed Lead, aluminium, bismuth, and 
copper are slowly attacked, but iodine, sul])hur, 
and carbon do not react even on heating. 
Brown fumes are produced in moist air and 
with water, hydrofluoric ami nitrous acids being 
formed. Its analysis and vapour density 
(1'683 air—1) are in agreeonent with the formula 
NOF. It closely resembles nitryl Jltiondc 
NOgF {g V.) in chcimeal and ])hysical projierties, 
but differs from it in its behaviour towards 
water and iodine. It gives additive compounds 
with arsenic and antimony pentafluorides (Jluff 
and Stauber, Zoitsch. anorg. (Jhem. 1905, 47, 
190; Ruff, Stauber, and Graf, tbid, 1908, 58, 
326). * 

Nitrosyl chloride NOOI is obtained— • 

(1) By direct union of NO and chltirino 
(Gay Lussac, Ann. Chun. 1818, [iuA|'93, 20.3). 

The best procedure is to pass a mixture of the 
dried gases in the proportion of 2 :1 over finely ! 
granulated animal charcoal at 40°j60 , under*' 
slight pressure (Francescoiii and Breaciani, Atti 
R. Accad. Lincci, 1903, [v.] 12, 1175). Accord¬ 
ing to Briner and Pylkov (J. (fliim. phys. 1912, 
10, 640) the charcoal is not really necessaryiand 
does not affect the yield. 

Its formation at low temjieratures has been 
studied by Boubnoff and Guye (tf. Chim. Phys. 
1911, 9, 290). Alter removing excess of NO 
at —160® to —150®, an excess of chlorine (3 4 
p.o.) above that required for the formula NOCl 
always remains, but is expelled at —80®. Accord¬ 
ing to Trautz, the equation 2NO4-0l8=2NOCl 
does not satisfactorily explain its formation at 
ail temperatures. Between —72® and 40® the 
product consists practically of NOCl. At higher 
temperatures it is mixed with a gas richer in 
nitric oxide# perhaps (NOlaCl or (NO)gClf and 
may be also with a gas richer in chlorine, perhaps 


NOClg {cf. Coates and Finney, Chem. Soo. Trans. 
1914, 2444; Wourtzel, J. Chim. Phys. 1913,11, 
214). Tilden and others have shown that no 
higher oxychloride exists, and this is confirmed 
by the liquidus curve, which,,however, denotes 
the existence of a highly dissociative additive 
compound, probably NOtfl-Clg, at about —109®. 

(2) By distillation of aqua regia. , 

(3) By distillation of potassium nitrite with 
phosphorus pontaohloride. 

(4) By heating nitrosyl sulphate with 

sodium chloride. ^ , 

N0,-S()3H+N4iCl=N0Cl+NaHS04 
Vl’ilden, (!hem. Soc. Trans. 1874, 030, 852; 
Girard and Pabst, Bull. Soc. cium. 1878, [ii.] 30, 
531). 

(5) By action of niirosamines on hydrochloric 
acid (Lachmaiiu, Bcr. 1900^33, 1035). 

(6) By action of hydrochloric acid on Nj 04 
(Muller, Aiinalcn,* 1862, 122, 1), and on NgO, 
(?>. Bsiner and Wroc/.yn.ski, under Nitric oxiae). 

(7) By action of NO on FeCl^ (Thomas, 
Com])t. rend. 1895, 120, 447). 

Nitrosyl chlorule is a ruby-red mobile liquid, 
b.p. —5-6®/75l mm., giving lemon-yellow 
crystals, ni.p. - 61® to —60°. Critical temiiera- 
turo I()3''-164° (Frauocsconi and Bresciani, l.c.}. 
Vapour density (2’29--2*32 at 10®) is in agreement 
with the formula NO( 3. * Sp gr. of liquid I '4165 
at -12°; 1-4250 at —16®; 1*4330 at -18® 
(Gouther, Annalon, 188K, 245, 96; cf. Briner 
and l\ylkov,Chem. phys. 1912,10, 640). 

It is fairly stable towards heat, dissociation 
being first measurable at 700® (tSudborough and 
Miller, Chom. News, 1890, 62, 1307). 

With water it at once gives nitrous and 
hydrochloric acids, and with metallic oxides 
forms the nitrite and chloride of the metal 
(Sudborough, Chem. Soc. Trans. 1891, 59, 655).t 

It form.s double compounds with many 
metallic chlorides, some of which decompose 
on heating, evolvmg NO 

, CuCi'NOCl -> CuCla+NO 
while others are stable and may be sublimed, e.g. 
—AuClg'NOCfl—and with unsaturated organic 
compounds forms addition products like N^Oj 
and Na 04 . * 

With aminos nitrogen is evolved and the 
chloride formed 

H'NH,+NOCl-RCH Na+H,0 

(Solonina, Russ. Phys. Chem. Soc. 1898, 30, 
431). For its action on mcroaptans, v. Tasker 
and Jones (Chem. Soc. Trans. 1909, 1910). 

Absorption spectrum {v. Magnanini, Zeitsch. 
2 >hy 8 ikal. Chem, 1889, 4, 427). 

Sulphur trioxido forms nitronyl ^I'phonic 
chloride NOg'SCgCI. 

Nitrosyl bromide NOBr is obtained •as a 
dark-brown liquid (IJ by direct union of NO and 
bromine at —7® to —15® (Landolt, Annalen, 
1861, 116, 177); (2) by action of NaBr on 
N02*SO*H (Girard and Pabet, l.c. ; c/. Trautz 
and Dalai, Zoitsch. anorg. Chem. 1920,110,1). 

It boils at —2® with dissociation, thus 
differing from the chloride, which it resembles 
in its chemical properties. 

Landolt's dibromide NOBrg and Jduir’s tri- 
bromide NOBrj are mixtures of the monobromide 
with bromine, according to Frolich (Annsden, 
1884, 224, 270); but from an investigation of 
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the fugion>point diagram of the reaction pro* 
ductg of bromine and nitric oxide, Trautz and 
Dalai (Z.c.) find that the fusion curve shows* a 
eutectic of bromine and nitrosyl tribromide, a 
maximum at ~4(^® corresponding with NOBij, 
a second eutectic of NOBrg and NOBr above 
—65°. Nitrosyl tribromide is a brownisn-black, 
almost opague liquid, which boils, with decom¬ 
position, at 32°, 2*(i37. 

The corresponding iodine compound has 
not been isolated. • 

Reaction op Nitrous and i^uLPHVRous Acids. 

The following equations represent the* 
changes which occur— 

(1) HNUj-MJgSOa-lNO’SOaHJnitrosulpho- 
nic acid (I); 

(2) HN 0 .,-j- 2 H 2 S 4 ) 3 --H()-N(S 03 lJ )8 hydro- 
xylainine disulphonic acid (2); 

(3) HN()a-f:m 2 SU;,-N(S(i 3 H )3 nttrilo sul- 
phonic acid (3). 

T’ho existence of (I) was postulated by 
Raschig, but has never been isolated, a mixture ! 
of equivalent quantities of the tw<» acids giving i 
a very unstable liquid, which by further action ' 
of nitrous acid gives— 

Nitrosisul phonic ocul HOjjN'SOaH, also 
obtained by Sabatier ((-oiu|>t. rend. 1896, 123, 
255) by reduction of niffosylsulphuno acid. 

According to Raschig (Zeitsch. aiigcw. ('hem. 
1905, 18, 1281) its formation and constitution 
are represented as follows— 

V, also Lunge and Borl {(bid. IIHXI, 19, 808, 857, 
and 881). The solution of (be free acid, and 
of the copper salt, is blue. 'I’lie iron salt is rod. 

• ^ Acid hydrolysis of (2) ])roduces successively 
hydroxylamine sul]ihonic mid and hydroxyl- 
amine— 

.SOgH HOH /II HOH /H 

NfSOgH N-S()gH N(-B 

M)H OH \(ill 

+H0 S 03 n i HO-,SOgH 

Acid hydrolysis of (3) produces successively 
imino sulphonic acid, amyio sulphonic acid, and 
ammonia— 

/SOgH HOH /H HOH /H 
N/SOsH -^-N^SOjJrl -» N/H 

''SOjH \SO 3 H 

+ HO SO 3 H +HO SOaH 

HOH 

NH,HSO, 

Hydrolysis by alkalis usually regenerates the 
sulphite and nitrite— 

•/SOgH . 

NeSOgH N<Xu+ 2 H S 08 H 

« \oh 

For further details, and conations under which 
these compounds arc formed, v. H ydro xylamine 

Hyponitrous acid HaNgOg. The sodium salt 
of this acid was obtained by J^ivers (Proc. 
Roy. Soc. 1871, 19, 425) by reduction of the 
nitrate (t;. also Maumon^, Compt. rend. 1870, 
70,146). The free acid is prepared— 

(1) By condensation of nitrous acid with 
hydroxylamine, usually the sodium or silver 
s^t with the sulphate or hydrochloride, in 
aqueous solution (Wislicenus, Ber. 1893,,26, 
771 ; Paal, ibid. 1026) or froe hydroxylamine 


and NjOj in methyl alcoholic solution (Kauff- 
mann, Annalen, 1898, 299, 98). 

(2) By oxidation of hydroxylamine— 

(a) With metallic oxides, as (JuO, HgO, AggO 
(Hantzsch and Kauffmann, ibtd. 1892,292, 317); 

(5) With sodium hypobromite (Kolotow, J. 
Russ. Phys. Chem. Soc. 1891, 23,1,3). 

(3) By reduction of NO, HNOg, and, still 
better, HNOg. A dilute sodium amalgam is used, 
and the tenqierature kejit low. The hyponitrlte 
is most stable in excess of alkali. After reduction 
any hydroxylamine formed is destroyed by HgO^ 
and the liquid, after neutralising with HNO?, 
precipitated with AgNOg, or the hydroxylamine 
may be fiirilier reduced by sodium amalgam, 
and the ammonia removed by evaporation in 
vacn6 over suljihuric acid. 

(4) By alkaline hydrolysis of certain oxy- 
auiino- coinpo*'nds, dll’NH’iSOgH (Divers and 
Haga, C'hcm. Soc. Trans. 1899, 77), 

OH-NH-SOgCgHj 

(Piloty, Ber. 1800, 29, 1559); OH-N=NOj,H 
{fj.v.) behave in this way. 

The most convenient iirocedure is to treat 
the sodium salt of hydroxylamine disulphonic 
acid (easily obtained by the action of sulphurous 
acid on sodium nitrite) with concentrated or 
fused alkali, when it is obtained by precipitation 
with AgNOg as the silver salt in 00 p.c. yield 
(K-irschner, Zeitsch. auorg. (^hem. 1897, 16, 
424; V. also Hantzsch and Sauer, Annalen, 
1898, 299, 89; Wieland, ibid. 1903, 329, 226). 
The methods dcsnribtMl for the reduction of 
nitrites by aliiniinium amalgam, iron hydroxide, 
and fusion with iron tilings are useless. 

The free acid may be isolated by decom¬ 
posing the silver salt with an ethereal solution of 
hydrochloric acid, and evaporating the filtrate 
! in a desiccator, it is thus obtained in white, 
crystalline leaflets, very explosivq, decomposing 
on friction, contact with solid KOI! or acid 
vapours, and often spontaneously. 

It dissolves very readily in water, readily in 
alcohol, and is fairly soluble in most organic 
solvents. 

Its decomposition into NgO and HjO is not 
reversible. Small amounts of nitric and nitrous 
acidi are formed at the same time {v. further 
Ray *and Ganguli, (fliein. Soc. Trans. 1907, 
1886; DiversffOhem. Soc. Proc. 1908,16). Heat 
of formation 2N+0 -f Aq. ~H gNgOjAq. —67,400 
cal. (Bed’-helot, Ann. Chiin. Phys. 1889 [vi.] 18, 
571). It C8n be oxidised to nitric acid by 
bromine and by KMn() 4 . It is not reduced 
by sodium amalgam (Divers), but yields hydr¬ 
azine with sodium bisulphite (i?. Brackel, Ber, 
1900^33, 2115). 

It forms neutral and acid salts, the latter 
very unstable, only the acid ammonium salt 
being known fn tlie pure stj-te. The neutral 
salts are mostly insoluble in water, and can be 
obtained by precipitation. Esters of hypo- 
j nitrous acid are obtained by action of the iodide 
on silver hyponitrite. 

1’he ethyl efder is a yellow oil (Zorn, Ber. 
1878, 11, 1630), and the^benzyl ester a low- 
melting solid (Hantzsch and Kauffmann, l.c.). 

Comtitution. —I’he molecular weight deter¬ 
mined by the cryoscopic method corresponds 
with i^foimula HgNgOj, which, wi^h its modes 
of foMhation and acid properties points to its 



NITROGEN. 


being diatodikydroxide. Hantzsoh considers it 
to be the anti-form, assigning the syn-structure 
to the isomeric nitrami^ (^.v.) owing to the 
great ease with which oven salts of the latter 
evolve NgO in solution— 

N—OH N. N—OH 

II 11 >0 II 

N—OH W OH—N 

NItraniide. Hyponltroiis acid. 

Nitric acid HNO3. This is, with the exception 
df ammonia, the earliest compound of nitrogen 
investigated, its preparation being known to 
the Egyptians. In the ninth century Gcber 
obtained it by distilling nitre with blue vitriol 
and alum, and it was known under various 
names, such as aqua forUs, spintus rdlri acidus, 
and MplritUA nitri fumans (Hauben. Its com¬ 
position was investigated by Lauiisier (1770) 
and by Lavoisier and Priestley (1784- 178b). 

Oc(‘urre7icc \—It is found in nature in com¬ 
bination with NH 4 , Na, K, ('a, Mg, and in smaller 
quantities with A1 and Fe. It is produced by 
atmospheric electrical discharges, and by oxida¬ 
tion of nitrogenous organic matter through the 
medium of nitrifying bacteria, subHcipicntly 
oombilung with ammonia in the air, ami with 
the various bases present in the soil, and occurs 
in large.st quantity as (!hilo saltpetre (NaNO,) 
and Bengal saltpetre (KNOy). 

Pfcparabow.—Being the highest oxidation 
product of nitrogen it is produced by the action 
of suitable oxidising agents upon all tho less 
oxygenated compounds. 

Ammonia is oxidised to nitric acid by 
atmospheric oxygon in presence of catalytic 
agents such as Cu(OH) 2 , (‘u. Fa, Ni, I’t (Kuhl- 
mann, Annalen, 21), 281 ; Schoiibem, J. 
pr. Ohem. 1850, 70, 120; Kraut, Annalen, 
185b, 13b, 00). Lead mangaimt.e and permanga¬ 
nate, sodium manganate and lead chromate 
also bring about this oxidation (Motay, Ber. 
1871,4,801 ; Schwarz, Diugl. poly. J. 1875, 218, 
219) upon which principle the patents of ()stwald 
(Eng. Pat. 608) and Bayer and (' 0 . (D. K. P. 
168272) depend. 

According to Schmidt and Booker (Ber. 100b, 
39, 136b) the primary oxidation product is NO 
{v. further Smith, Chem. Soc. Trans. 100b, 473). 

Ammonia gas is oxidised by healed AHiOg 
and FcgOa to ammonium nitrate, and its solution 
by ozone, HgOj. HjOrO*, KMn 04 , and by 
electrolytic and biochemical oxidation. 

Nitrous acid is similarly oxidise^ to nitric 
acid. Nitrogen and its lower oxides are only 
oxidised by oxygen to N^-Oj, unless water is 
present, when nitric acid is formed (e. also Nitric 
Acid, manufacturk of ; Atmospheric, Nmio- 
gbn, utilisation of). 

Properties .—By distillation in a current of 
COg, 98 p.c. acid can bo obtained. Fractional 
crystallisation gives a product with maximum 
purity of 99‘4±0‘1 p.c. Absolute nitric acid 
only exists in the form of snow-white crystals, 
—41°. On melting, a yellow liquid results 
which is a solution of nitric anhydride and water 
in nitric acid (Kuster and Munch, Zeitsch. 
anorg. Chem. 1905, 43, 360). 

The most concentrated acid may bo obtained 
by the ordinaiy acid with twice its 

volume of sulphuric acid in a vacuum app^fUtus 
of gloss, protected froiq light. ^ y ' 
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The physical properties show discontinuities 
which point to the existence of various hydrates. 
Thd freezing-point curve, constructed from the 
values of Pickering (Chem. Soc. Trans. 1893, 
63, 436) and Kiister and Kj^mann (Zeitsch. 
anorg. Clhem. 1905, 41, 1), shows two maxima, 
at —18'^ and —38®, corresponding to 
HN03,3H20 * 

and HNO^.HaO respectively; and three minima, 
corresiKmding to the cryohydrates ( 1 ) ice 
+ HNU 3 , 3 H 20 (n^p. -43®); (2) 

HNO3,3Ha0-fHNO3,Ha0 
-42“); and* (3) HNO„HjO+HNO, 
(m.p. - Ob'"). 

'I'lic existence of these hydrates was, however, 
signalised as far back as 1783 by Cavendish 
(IMul. Trans. 7(1,178b, 241 ; 78, 1788, 166). See 
The SeiciitiHe Papers of*tlie lion. Henry 
Cavendish, Cambridge University Press, 1921. 



! Mj/'' % of' HNOy 

I According to Erdmann (Zeitsch. anorg. 

I Chem. 1902, 32, 431.; Zeitsch. angew. Chem, 
i 1903, 10, 1001) orthonitiic acid N(OH )5 ory 8 tal-‘’ 
; lisca jn needles, stable below —15®, m.p. —36®, 

I b.p. 40''’-40'6°/J3 inni. Octobasic nitric acid 
! 0 [N( 0 H) 4 l 3 , m.p. - 39®, tnbasic nitric ftcid 
i 0 —N( 0 H) 3 , m.p. --34®, and tetrabasic nitric 
j ao id (5 lW)(OH),|j, m.p. — b5'2°, are also de¬ 
scribed. Independent evidence for the exist¬ 
ence of tho ortho-acid is obtained from the 
,refractive index curve i (Veley and Manley, 
Proc. Roy Soc. 1901, b9, 8 b; Chem. Soc. Trans. 
1903, 1015), and from the absorption spectra 
(Hartley, Proc. Roy. Soc. Dublib;* 1905, [ii.] 10, 
373), but tlie existence of tho polybasic acids is 
disputed (Kuster and Kremaim, Zeitsch. anorg. 
■>Chem. 1904, 41, 1 ; Kiistcr, Zeitsch. angew. 
Chem. 1903, 16, 1079). 

The freezing-points of dilute solutions end 
the corresponding dissociation values are given 
by Jones (Zeitsch. physikal. Chem. 1833, 12, 
030) and Jones and Gctman (Amer. Chem. J. 
1902, 27, 433). The change in the vah» of 
the molecular lowernig with concentration is 
indicated by the following selected values— 


Gram niois. HNOg 

Molecular 

pt'r Hire 

0001054 

lo-ivering 

3-7951^ 

001153 

3-7294'’ 

0-1059 

.3-6269“ 

0-26 

3-601“ 

0-5 

3-621“ 

1-0 

3-796“ 

2-0 

4-174“ 

’ 3-0 

4-603“ 
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The densities, and the changes in density 
with temperature, of nitric acid solutions of 
different concentrations have been detorramed 
by Lunge and Rey (Zeitsch. angow. Ohem. 1891, 
166) and Veley^and Manley {lx.), and afford 
further evidence of the existence of hydrates 
(Veley and Manley). Of. Bousfield, Clfem. Soc. 
Trans. 1916,1406. 

The following table is constructed from 
Lunge and Key’s values— 


dY'° 

1).C. IINOg 

rf;*'’ 

#_ 

p.c. llWOg 

1-00 

010 

1-30 

47*49 

1-05 

8*99 

1-3.6 

65-79 

ITO 

17*11 

1*40 

05*30 

ITS 

24*84 

1 *45 

77*28 

1-20 

32 .‘hJ 

1 -.60 

94-00 

1-25 

39-92 

1*52 

99*07 


Density of normal HNO^ solution (GtM3 
grams jicr htre)=l‘0318 at 18‘6'^ (Kolilrausch, 
Wied. Ann. 1806,20,101), 1‘0324 at 18“ (Loomis, 
ilnd. 1897, 00, 632). 

I’he oximnsion of dilute solutions with 
temperature has been studied by Foreh (Wied. 
Ann. 1895, 66 , 100) and Ostwald (J. pr. OhetJi. 
1877, (ii.) 10, 386), {fnd that of conctMjtraled 
solutions by Kuster and Kremann, wlio find twt) 
breaks in the otherwise coiitinuouH coruMUitra- 
tion, at 54*0 p.c. HNO^ and 77'77 p.c. IINO^. 
corresponding to HNOajOHaO, and 
respectively. 

The density of nitric acid increases with the 
addition of nitrogen peroxide (Tjinge and March- 
iewsky, Zeitsch. angew. ('hem. 1912,10), reaching 
a maximum when the mixture contains about 
^i2'5 p c. by weight of the ])croxido. 'Ihis 
corresjionds with a hydrate, No(> 5 'Na 04 ,ll 20 , 
the existence of which is confirmed by a thermal 
study of the reciprocal solubilities of nitric acid 
and nitrogen peroxide. Tliis hydrate is stable 
below —48’5“, but at this temperatufe dis- 
flooiates, liberating nitrogen peroxide (Pascal 
and Gamier, Bull. Soc. chim. 1919, [iv.) 26, 
309). . 

For the conductivity of nitric acid solutions, 

V. Kohlrausch (Wied. Ann. 1885, 20, 101), 
Arrhenius (ZiTTi-sch. physikal. (!hera. 1889, 4, 
98), lioomis (Wied. Ann. 1807, 00, 647), Veley 
and Manley (Proc. Roy. Soc. 1897, 62, 223), and 
Kuster and Kremann {lx.). The existence of 
the above hydrates is again indicated; two 
irregularities in the conductivity curve occurring 
at 26 and So raols. p.c. UNO 3 , corresponding 
to theroinpounds HNOjjSHjO and HNOa.lLO 
respectively, and a third at 90-100 p.c. IINC)^, 1 
at Wrhich concentration irregularities also occur 
in the density and freezing-point curves, pointing 
to the commencement of anhydride formation 
previously mentioned. 

Nitrates dissolved in concentrated nitric 
acid increase its conductivity in proportion to 
the amount dissolved (Bouty, Compt. rend. ! 
1888, 106, 596, and 654). | 

The viscosity of nitric acid has been deter- [ 
mined by Graham (Phil, Trans. 1861, 153, 373), 
Reyher (Zeitsch, physikal. Chem. 1888, 2, 744), 1 
Paggliani and Oddone (Wied. Ann. Beibl. 11, j 
415), and Kuster and Kreman {lx.). Thd last- I 


named give the following values for water 
at 0®— 


I^NOj 

08*6 

82-0 jro'ol 05-0 

§ 

0 

30*0' 

10*0 

I 00 


'o*.'>48 

r030'V277il*300' 

1*144 

0 822 

0*655 

io*667 


0*8331 

1 

2-24i;3*268 3*304: 

1 ^ 

2‘36U| 

|l*e35 

— 

1 


I Of. Bousfield ((Jhem. Soc. Trans. 1915, 

' who gives the viscosities of a series of nitric acia 
1 solutions at various temperatures. 

The maximum at about 65 p.c corresponite 
' to the constant boiling mixture 2HN0j,3H80 
! first investigated by Dalton. It is not a com- 
: pound, its composition varying with the pressure. 

; At 735 min. it contains OS'O p.c. HNOj (b.p. 

! 120'5°) and,at 1220 mm. 08’0 pc. HN 08 
! (Roscoe, Annalen, 1800, 110, 203), while, by 
passing indifferent gases through the acid at 
ordinary tompcrature.s residues differing still 
more widely in composition are obtained. 

The vapour tensions of nitric acid solution 
have been (letermiru'd by Sa[K)shnikoff (Zeitsch. 
physikal. Chem. 1906, .63, 226). For the higher 
concotilrations they arc as follows:— 


d, 1 

p C. HNO3 

p c. HaO 

, V (mill. 

1 at 15°) 1 

p.o, N In 
vapour 

1*40(1 

06*30 : 

34-70 

1 -00 

19-32 

! *463 

78T0 

21 *90 

9-40 

22-52 

1 *402 

82*10 

17-90 

Hi-64 

22-65 

1-487 

88*06 

11-35 

29-70 

' 23-06 

1 -497 

92*93 

7-07 

42-CO 

1 23-50 

I-610 

98*00 

2-00 

40-20 

23-75 


I As HNO 3 contains only 22'22 p.c, N, oxides are 
i also ])reHcrit in the vapour. 

I Detcrminatioiis of the boiling-point of 
\ afpioous solutions Of nitric acid at different 
j pressures have Ix^en made by Creighton and 
I Githen.s, J. Franklin (Inst. 1915, 179, 161), 
j Creighton and Smith {ihid. 1916, 180, 703). 

^ With mixtures of nitric and sulphuric acids 
tliQ vapour tension rises and then falls with. 

I increasing percentages of HNO3. The maximum 
‘ for flNOs sp.gr. 1*40 occurs at 46 p.c. HNOj 
' (23'6 mm.),^ and for HNOg of sp.gr. 1*48 at 
I 07 p.c. HNOj (34 mm.). With the pure acids 
, the va^ue rises steadily to 41 mm. at 80 p.o. 
HNO5, refaams constant up to 92 p.Oi, and 
: rises subsequently to 46 ram. with pure HNOj 
' (Saposhmkoff, itiid. 1904^49,697; 1905,61,609; 

', Paai'al, Compt. rend. 1917, 165, 689). The 
jiurest obtainable nitric acid boils at 86 ® with 
partial decomposition. Under 24 mm. it boils 
at 21*6® (Erd^iann, Zeitsch. anorg. Chem. 1002, 
32,431). 

Refractive in^).cx. 

D line Mol. dlspu. 

1-50999 1*39584 0*338 

1-50875 1*36870 0‘340 

(Bruhl, Zeitsch. physikal Chem. 1897, 22, 373) 
The maximum value (1*4061 at 14-2®) is shown 
by 70 p.c. HNO 3 , while the values for 60 p.o. 
and409 p.c. acid are practically identical (Veley 
and Manley, Proc. Roy. Soc. iwl, 69, 86 ). 
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For the absorption spectra, v* Hartley, Chem. 
Soc. Trans. 1903, 658. 

Heat of formation .— 

H+N+O3+Aq.=HNO3Aq.+49,090 cal. 
(Thomsen), 48,800 (Berthelot), which, by sub¬ 
tracting the heat of solution (7490, Thomsen; 
7180, Berthelot) gives 

H+N-hOs-HNO, + 41,600 cal. 

Mol. heat of evaporation 7250 cal., mol. heat 
oi fusion 600 cal. (Berthelot, Ann. Ohim. 1877, 
[v.] 12,530). 

Nitric acid is decomposed by light into 
oxygen, nitrogen peroxide, and water (Berthelot, 
Gompt. rend. 1898, 127, 143 ; V^eloy and Manley, 
Phil. Trans. 1898, 191, 36.5; KeynoUls and 
Taylor, Chein. Soc. Trans. 1912.101, 131). I’lie 
vapour is more prouo to decomposition than the 
liquid and the reaction is rcversiblo.fho [iroducts 
of the decomposition by light recombining in the 
dark. Anhydrous nitric acid (100 p.c ) decom¬ 
poses spontaneously in the dark : 


4HNO, ^ 2Nj0+2N,0. + 02 

Specific heat .— 

pc HNOa f>8 3 Vlll 3 1 30 ir> 3 4 

Sp.ht. . 0*0651 0-8752 O-lMil 8 0-768 0-849 0-963 

I'he first thi*oo arc Marignac’s values at 21^-52® 
(Annalen, 1872 (su])pl.), H, 335), the last throe 
Thomsen’s at 18®. 

dhemical propnlicft.-- Nitric acid has been 
shown by the usual methods (rate of hydroly.si.s 
of methyl aeotato, inversion of cane sugar, 
freezing-point lowering and conductivity) to he 
the strongest known acid. Accordingly it has 
a high value for its heat of neutralisation (with 
NaOH 13,680 cal.; with KOH 13,770 c^al. 
Thomsen, Th.U 1906, 40). Its heat of dissocia¬ 
tion for i?'-1-5-6 is about 2800 cal. (INderson, 
Zoitsch. physikal. Chcni. J893, IJ, 174), for 
'=10 about 1362 cal. (Arrhenius, l.c.). 

It dissolves rcaiiily m otner, and the etlier- 
water partition cooflicients have lieeii deter¬ 
mined by Bogdan (Zeitsoh. p]lektrochem. 1905, 
11, 824; 19(K>, 12, 489; v. also Hantzscli and 
Sebaldt, Zeitsch. physikal. (3iom. 1899, 30, 
285). The molecular weight in ethereal solutn*!! 
is normal. 

The nitrtite ion is one of the most electro¬ 
negative ions. Migration velocity (ft *8 at 18® 
(Landolt-Bomsteiii, 1905, 237). All its salts arc 
soluble, and there is little tendency to^form 
complexes. • 

The chief characteristic of nitric acid is its 
remarkable oxidising power, being itself capable 
of reduction to HNOj, NO,, NO, N^O, 

NH 3 OH, Nn, and NHg. O'^twald (Grundliss. d. 
allgem. Cheraie, 1899, 440) explains the forma¬ 
tion of these products on the supj^psition that j 
nitric acid can so desociate that it forms OH | 


ions with the loss of positive charges— 

HKOjNOg + OH' ->NO*+OH'+© 

^N02n” + 20H' ->-NOoH f20n'-f-2® 

NO(OH),Cl 

^NO’” + 30fl'. -»N0 + 30H'4 3® 

(NOH)a 


The oxidation potential (Ihle, Zeitoch. 
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physikal. Chem. 1896, 19, 689) is lowered by the 
presence of nitrous acid, which, however, 
increases the rate of oxidation. 

Nitric acid is not affected by hydrogen at 
ordinary temperatures or at J(K)® (Berthelot, 
Corapt. rend. 1898, 127, 27), but is reduced by 
it to ammonia in presence of platinum sponge 
(Wagner, Dingl. poly. J. 1867, 183, JO). The 
concentrated acid oxidises boron on slightly 
warming to boric acid with evolution of NO 
and Na, carbon to carbon dioxide, in the cold 
if finely divided, ftihosphorus to phosphorous, 
and finally to phosphoric acid (when, according 
ty Monteraartini, Gaw:;. chim. ital. 1898, 28, i. 
397, ammonia is also produced). Sulphur is 
o.xidiacd to ILSO 4 with great readiness if finely 
divided, selenium to IfoSeOg, and iodine to iodic 
acid with production of nitrous acid. Hydrides 
are also oxidised : PH.j rcadify, ILS only if NOg 
be present (acid of sji.gr. 1*18 free from NO^ has 
no action; Kempof, Annalen, 1857, 102 , 342), 
Sell, violently (Hofmann, Ber. 1870, 3, 060). 
HBr at 0 ® forms Br^ and NO 2 , HI yields and 
NO (IINO 2 in dilute solution, ICckstadt, Zeitsch. 
anorg. Olimn. 1901, 29, 5J) and HOl,NO0l{ q.v.). 

SOj reduces HNO., readily, some N-^O being 
formed. In ])rcscnco of dilute sulphuric acid 
reduction is still more readily effected, with 
evolution of NO, and in presence of concentrated 
lUvSOi mtrosyl 8 uli)hmic acid (Weber, Pogg. 
Alin. 1867, 130, 277). 

Ferrous salts yuild NO, stannous salts 
NH^jOU, andNUgjAsClg and As 40 g arsenic acid, 
and iSbClj antimonic acid. 

Nitric acid attacks with more or less readiness 
according to their nature, and the concentration 
of the acid, all metals with the exception of 
All, Rh, Ir, and Pt (the last-named when alloyed 
with other metals goes into solution, eg. an^ 
alloy of 4-64 p.c. Pt and 95*35 Hg is entirely 
soluble, Tariigi, Oazz. chim. ital. 1903, 33, [ii.] 
171), much more quickly when the metals remain 
at rest, when they are rapidly rotated, or ihe 
acid iH^tiiTcd (oiving to the fact that in the 
former case, nitrous acid accumulates in the 
neighbourhood of the metal) with formation 
of the nitrate except in the case of Sn, W, Mo, 
..nd As, when the anhydrftle of the corresponding 
acid is produced, the nitric acid itself being 
reduced to various stages. Sn^prma stannic 
nitrate first, which breaks up yielding the dioxide. 
Sb is converted into Sb^O^. Briefly it may be 
stated that with the less reactive metals, such 
As Hg, Ag, Cu, Bi, reduction to the first stage 
only takes place, and is probably not due to the 
agency of nascent hydrogen, but to nitrous acid, 
the influence of which on the reactivity of nitric 
acid was first noticed by Millon (J. Pharm^him. 
1842, [lii.] 2, 179). Thus, with copper— 

(i.) Cu-f-4HN02=Cu(N02)2+2H20+2N0 
(ii.) Cu(N02)a-f2HN03-=Cfu(N0.,)24'2HN08 
(iii.) HN03-f2N04-H20=3HN68 

The nitrous acid thus continuously produced at 
onoo decomposes— 

3HN02=HN03+2N0+H30 
nitric oxide being evolved (Veley, Roy. Soc. 
Trans. 1891, 182, A, 279). 

From the equilibrium 

• 3NO,+H,0 ^ 2HNO,+NO 

2 0 
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it is eTident that with concentrated acid the 
product is NO 3 . 

The most complete reduction (to Nj »and 
NH 3 ) takes place with the more electro-positive 
metals such as ^n, Co, Ni, Fe, Cd, Zn. Mn, Mg. 
Thus Zn and very dilute acid give ammonia, 
whilst with Sn reduction is less com^)lete, hy- 
droxylamine being one of the products. With 
more reactive metals, such as Mg, some hydrogen 
(which may be regarded as the pnmary ])roduct) 
escapes oxidation. The action is greatly affeeted 
by conditions, being slow at ih'sU a(;ecleraiing as 
the reduction products, which act catalytically, 
accumulate. Further, diiforent coneentratiunp 
yield different products, and hence as the con¬ 
centration changes during the reaction, mixed 
products in varying proportions are usually i 
obtained. With Zn, in intermediate eoncen- ' 
trations, even niirlms oxide and nitrogen may j 
be found in considerable quantities amongst tlie 
gaseous products. For further details, v. j 
Acworth and Armstrong (Chem. Soc. 'J'rana. ; 
1877, 32, 54), Montemart.ini (Atti Jt. Aecad. 1 
Lincei, 181)2, Iv.] 1, 1 . (>3), Walker (Chem. Soe. 
Trans. 1893, 53, 845), lligley (Amer. ('hem. J. 
1809, 21, 377), Stillmann [ifnd. 1807, 10, 711), 
Bijlert (Zeitsch. physikal. Chem. 1800, 31, 131), 
Gladstone (Phil. Mag. IIKM), [v.l 50, 231), 
Stausbio (.J. Soc. (-hem. Tnd. 1008, 27, 355; 
1000, 28, 274), Kcnnie ((Oiem. Soc. Trans 10(18, 
1152), Diinstan and Ihll, passivity m (Chem. 
Soc. Trans. 1911, 1853). 

With alloys of copper and zinc, as long as 
they contain more than 48 p.e. of copper, the 
alloy dissolves as a wliole. BoIoav this per¬ 
centage of copper, the zinc either ihssolves 
faster in proportion than the copper or precipi¬ 
tates that metal from solution, with the result 
that more copjier dissolves when tJie solutions 
^are shaken than when at rest (Stansbie, J. Soc. 
Chem. Ind. 1913, 32, 1135). 

Electrolytic reduction, as shown by Schonbein 
and Brewster, yields first nii-rous acid, and finally 
ammonia. The nature of the product depends 
on the temperature, current strength, material 
of cathode, ai\d its potential, and upon whether 
the solution is acid or alkaline. With a mercury 
cathode only hyponitrllc is formed (Zorn, Bcr.* 
1879,12,1509), with a copper cathode, ammonia 
(Ulsch, Zeits^h. Elektrochem. 1897, 3, 545). 

Nitric acid of 40 p.c. strength containing 
1 p.o. of dissolved nitrous gase.s ^fields NO 
(99-100 p.e.) at the cathode on electrolysis 
(Meister, Lucius and Briining, Eng. Pat 10522,'' 
May 1, 1911; v. Miiller and Weber, Zeitsch. 
Elektrochem. 1903, 9, 955; Muller, ihid. 978; 
Muller and Spitzer, ihid. 1905, 11, 609; Ber. 
1905, Ti 8 , 1190; and Tafel, Zeitsch. anorg. 
Chem. 1902, 31, 289). Tim mechanism of the 
reaction is not clearly understood. Tafcl finds ; 
that though nitric acid,, is reduced only to ' 
NHjOH by mercury or well-amalgamated 
electrode.s, copper reduces it to ammonia, and 
yet has no action on bydroxylaraine itself. 

Metallic nitrates are normal salts (in only a 
very few instances are acid or basic salts ob¬ 
tained, and then only under special conditions) 
which are readily soluble in water, and in many 
oases in alcohol, or acetone, stable in aqueous 
solution, and which usually ciystallise in the 
anhydrous form. „ 

Nitric acid forms nitro derivatives with 


many organic compounds, and with alcohols 
yields caters. 

On contact with the skin substances of 
bright yellow colour (xantho-proteic acids) are 
produced. Its chemical properties are best 

represented by the formula II—0— 

Commercial nitric acid, made from (jhile ni¬ 
trate, occasionally contains minute quantities of 
tetranitromethane, mtmochlorotrinitromethane, 
and dichloroditromethane, probably due to 
traces of chlorides and organic matter in'tbl 
sodium nitrate employed (Crawford, J. Soc. 
Cbcm. Ind. 1922, 321, T.). 

Estimation (f. Analysis). —^Themostcharac- 
tori.aiic test is the red colour developed with 
l)rucino, and concentrated HoSO^. Arbutin and 
berberine under similar conthtions yield a deep 
yellow and a dark brownish-red colour respec¬ 
tively (Tleicliard, Clieui. Zeit. 1905, 30, 790). 

(Jinchonaiiune nitrate is nearly insoluble in 
water (Howard and Chick, J. Soc. Chem. Ind. 
1909, 28, 63). 

lii-O-lO-monoxyphenanthrylaminc dissolved 
in cone, sulphuric acid forms a delicate test for 
nitric acid in presence of other oxidising sub¬ 
stances. As a reagent, O'l gram is dissolved in 
1 litre of cone, sulphuric acid and O'l gr. of the 
substance to be tested is added to 2 c.c, of the 
riiagent, when, if nitrates be present, the blue 
colour turns to a claret-red Nitrous acid does 
not alter the colour unless it becomes oxidised 
to nitric acid (Schmidt and Lumpp, Bcr. 1910, 
43, 787 and 701). 

Fuming nitric acid. A rod, fuming liquid 
with powerful oxidising properties, produced by 
adding to concentrated IlNOg, nitrous acid, 
nitrogen trioxidc, or nitric oxide, by distilling 
nitre with potassium acid suljihate, and also 
by adding kicselguhr saturated with formalde¬ 
hyde to the concentrated acid (Vanino, Ber. 
1899, 32, 1392). 

As prepared by any of these methods it 
contains free NGj (Marchlcwski, Zeitsch. anorg. 
(jhom. 1892, 1, 353), and in the case whore NO 
is used may be sujiposed to be formed either by 
direct umon with oxygen, or as represented by 
the equation 2 N 0 +HN 03 +H 20 -^ 3 HN 0 „ 
the latter then giving NOj with the excess of 
HNO^. The intcrraodiat-e production of nitrous 
add 18 shidwn by addition of water, when it 
becomes green, blue, and finally colourless (v, 
further Marchlcwski and Liljenstein, Zeitsch. 
anorg. Chem. 1802, 2, 18 ; 1894, 5, 288). 

The .specific gravities of the fuming acid of 
difjfercnt NOg content are given by Lunge and 
Marchlcwski (Zeitsch. angew. Chem. 1892, 1). 

‘tFuming nitric acid oxidises organic com¬ 
pounds to carbon dioxide and water, any sul¬ 
phur present being converted into and 

phosphorus into H 3 PO 4 (Carius, Ber. 1870, 3, 
097). 

Aqua regia. First obtained by Geber in the 
eighth century by dissolving salammoniao in 
aqv^ fortis. Also formed by mixing HCl and 
HNO 3 . The reaction is represented by 

HN03+3HCl=2Ha0+N0Cl+Clj 
(d. Tilden, J. 1874, 214); Goldschmidt, Annalen, 
1880, 205, 372). So named on account of its 
solvent action on the noble meta^. 

Perfiltrlc acid HNO^ is said to he obtained as 
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the silrer salt as a black crystalline mass on 
electrolysing AgNOs Bolution (l^lulder and 
Heringa, Bee. trar. chim. 1898, 17, 129). Its 
existence is doubtful. 

Acid Halides of Nitric Acid. 

Nltryl fluoride NOjF is formed by the action 
of excess of fluorine on nitric acid at the tempera¬ 
ture of liquid air. It is a gas which attacks the 
mucous membrane, m.p. —130°, b.p. — 
d. 2‘17-2'31 (air=J) calculated for NO 2 F 
26 It does not combine with hydrogen, 
sulphur, or carbon, but attacks boron, silicon, I 
pho8i)horu8, arsenic, antimony, i«'dino, alkali, i 
and alkaline earth metals, aluminium, iron, and j 
mercury. With water the ciuantitativc reaction j 
NOgF+HgO- HF-i lINOg takes place Jt re- i 
acts with many organic compounds (Moissan ! 
and Lebeau, Oompt. rend. lOOo, 14ft, 1573). : 

Nttryl chloride N()2(3(Mull r, Annalon, 1^62, | 
122, 1; Odet and Vignon, (!oinpt. rend. IH7(), ' 
70, 90) and wiryl bromide Nf (Hascnbach, J. 
pr. (!hem. 1871, |ii.] 4, 1) are, according to ■ 
(iutbierandLohmann (J. pr. Ohcin. 1905, fii.] 71, 
182), non-existent. 

Manofaoture of Nitric Acid. 

At the present time the nitn*- acid of com¬ 
merce is made by one of three jirocesses: viz. 
(J) decomposition of sodium nitrate. (2) burning 
of ammonia in oxygen 111 the presence of a 
eatalyst, and (3) union of nitnigen and oxygen 
in the electric arc. For the third, .see Ni riioGEN, 
UTILISATION or ATMOS eUKRK’. 

In the first process, which is still the most 
important, ajiproxi mutely equal weights of 
Chile nitre and 6()°lie. suljdiuru! acid are heated 
in east-iron retorts and the r<‘sulimg va}tours 
conclensed. The residue consists of a fused 
mixture of sodium sulphate and sodium hydro¬ 
gen sulphate, and if over-heated, may also con¬ 
tain sodium disulphate (Na 202 ^^ 7 )' This residue 
is discharged into iron jians, where it solidifii'K ; 
or it may be ruu into tlio pan of a hydrochioiie 
acid furnace, where it is converted into suli- 
cakt by reacting with salt. A part of the nitre- 
cake now produced is converted into sodiqm 
sulphide and into a mixed sodium sulphate- 
ammonium sulphate fertiliser. 

Since the heat of vaporisation of nitric acid 
is low', the nitric acid vapour is easily condensed. 
The vapours from the retort contaii also 
nitrogen peroxide from the decomposition of 
nitric acid by heat {Cari us, Annalen, 1873, 169, 
273), according to the (‘^nation: • 

4HN0a+heat=2H20+4N02+02 • 

They also contain air which leaks into the 
system owing to the reduced pspssure main¬ 
tained therein. Th» nitrogen peroxide tends to 
dissolve in the acid condensed in the condenser 
and to form nitrous acid. Th(f water formed m 
the above reaction, as well as that originally in 
the raw materials, condenses with the nitric 
acid. The remaining^asos jiass the condenser, 
tending to carry with them uncondensed nitric 
acid vapour 

Notwithstanding the presence of water in 
the charge, the first distillate is strong, bocojiing 
weaker as thl distillation proceeds, until at the 


end it is almost pure water. The greatest 
evolution of nitrogen peroxide also occurs in the 
beginning, and as this is most soluble in strong 
nitrm acid, it would contaminate the final 
product unless some means were taken to 
remove it. This is usually accomplished by so 
condenair^ that the condensate is removed 
from the system hot. Thus the nitrogen 
peroxide remains in the system, jiasse* through 
the condenser with the uncondensed gases, and 
must be absorbed in an absorption system. 

Retorts. —Near4^ all modem retorts are 
vertical pots susiiended m a brick sotting They 
are made of cast iron*w hich is not attacked by 
nttric acid vapour, or appreciably itorroded by 
the sulphuric acid in the charge Fig. 1 shows 


B 



Fio# 1. 


I one type of retort and setting, arranged for coal 
i firing. Clas firing is also oxtensircly used, pre- 
senting the advantages of greater fuel economy 
i and readier control, but is not justified except 
!^or large plants. 

j Sodium nitrate and sulphuric acid are intro- 
dui'od at A, and the nitric acid distils off at d. 
At the end of the distillation the fused nitre- 
cake is run off through c. , 

Condensers.—VoTTCutTly air cooling was de¬ 
pended upon altogether, but modern pr^tice 
makes use entirely of water cooling. Many 
forms of water-co<>l«d condensers have been 
proposed, but only two are in common use. 
These are the glass condenser of Hart (U.S. Pat. 
625761, 1894) and S-bend condensers made of 
silica or silicon-iron alloys. 

A Hart condenser is shown in Fig. 2. It con¬ 
sists of tw’o upright manifolds of chemical-ware 
or silicon-iron, connected by parallel glass tubes 
3 inches diaro. by 6 feet long. These are packed 
into the manifolds with a plastic putty made of 
oil-gwund white-lead, 10 lbs.; red-lead, 1 lb.; 
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linseed oil. 3 gala.; and asbestos fibre enough to 
give proper consistency. Water is allowed to 
trickle over the outside of the tubes, bping 
delivered through the pipe a, and is kept from 
splashing by wooden guides hung between the 
tubes and showti in aetail at b and in cross 
section at c. The hot water from the fondenser 
is caught in the trough d and escapes to the 
drain thr<Aigh b. 



The tube breakage amounts to about ]fH) per 
retort per year. It is licavicst with weak (^barging 
acid. Broken tubes may be replaced while 
running. 

In principle the S-bend condenser is the same 
as the Hart condenser, its construction being 
Ishown in Fig. 3, a Y-tubc branching from the 



top of the bleacher to two parallel series of 
S'bends, 6 inches in dlam. and C feet long. 
This type possesses the advantage over the 
Hart condenser of having fewer joints and of 
these being all horizontal. Even with no putty 
paokinp in the joints there is no tendency to 
lose acid by leakage. ' 


While the silica S-hends are lighter and 
'Cheaper than those of silicon-iron, they are 
much more fragile, and hence must be handled 
with extreme care. The latest practice favours 
! the S-bend condenser of silicon-iron above all 
others. 

BleachiTU }.—Most of the uses to which nitric 
acid is put require that it be as free as possible 
from nitrous acid. To remove this it was 
formerly the practice to warm the acid while 
' blowing a current of air through it. This, how- 
i ever, re<juire(l a sejiarate operation, which i%. 
I now avoided (8koglund, U.S. Pat. 591087, 1897) 

I by allowing the condensed acid to reflux through 
’ a bleachci while still hot. Hero it encounters 
the hot gases from the retort, which further heat 
it, driving out the dissolved nitrogen peroxide. 
The acid running from the bleacher contains, on 
an average, about 1 p.c. nitrous acid. 

Fig. 2 sh^ws the relation of the bleacher to 
the condenser. The gasiis from the retort enter 
at p, rise through the packing in the bleacher 
and are condensed in the condenser. The con¬ 
densate drains back through the bleacher 
counter-current to the gases and emerges at G. 

Ahsorption .—FjVen with the most careful 
attention to details, from (i-lO p.c. of the 
nitrogen content of the nitrate passes the con¬ 
denser in the foj'in of nitroge,n jicroxido. In the 
absorption system ibis is converted to nitric 
acid. 

'Phe absorption system consists of a series of 
chemical-ware towers filled with an acid-proof 
packing material, wdiero the gas is subjected to 
a systematic scrubbing with dilute nitric acid. 
'Plus system is so arranged that the strongest 
gas comes in contact with the strongest acid, 
and the weakest gas with almost pure water. 
In these towers the following reactions occur: 

(1) 3N0,>-fH.,0-^2nN03+N0 

(2) 2NOH 0o=2N02 

The first is an equilibrium which is estab¬ 
lished practically instantly (Burdick and Freed, 
J. Amcr. Chem. Soc. 1921, 43, 518-30), while the 
second goes to completion, but require.? con¬ 
siderable tunc to do so (Burdick. J. Amer. Chem 
j, Soc. 1922, 44, 244-51). Given sufficient time, 

! the nitrogen peroxide can thus be quantita- 
! tively converted into nitric acid, but, practically, 
j owing to tlj^‘ slowness of the second reaction 
I and the necessarily limited reaction apace in 
j the towers, this is never accomplished, 95 p.c. 
converiion being considered good practice, 
j The absorption tower construction is shown 
I in Fig. 4. 1’he tower consists of 6 sectiona of 
I chefiilcal-ware about 30 inches in diameter and 
30 juches high. The bottom section rests in a 
saucer mounted on a pedestal. The gas enters 
the tower at a, rises through the packing rings 
generally used to fill the tower and leaves the 
tower through the pipe b. ‘Acid is continually 
circulated over the tower by the air-lifts c, 
supplied with aefd from the’ equaliser pot n. 
The acid draining from the tower enters this pot 
from behind; any excess above that in circula¬ 
tion, which may enter fro,m the next equaliser 
pot d", or be formed in the tower, is removed 
continually by the air-lift b. 

An absorption system consists of a series of 
such powers, each set higher than its predecessor, 
so that the weak acid may drain toward the arid 
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exit of the system. The ratio oj towers to 
6000 ibs. retorts is usually 1'2:1-1 *6:1. 

Draught is maintained on the system by an 
air*jet es^auster in the exit from the last tower, 
by a steam jet, or, best, by an acid>proo£ fan 
driven by au electric motor. 

Oper^inff data ,—The best strength of 
charging acid to use with dry nitre is 92’6 p.o. 
(Wintoler, Chem. Zeit. 1905, 29, 820-29). With 
wet nitre the strength of the acid should be 
ncreasod proportionally to the water content. 
Either stronger or weaker acid results in a 
dilute distillate 

With a ratio of 1X2804: NaNOj —1 and acid 



of the above strength the British nitric acid 
plants during the war produced a distillate of 
90-92 p.o. constituting about 90 p.c. of 

the acid made. The remaiirfng 10 p.c. was 
weaker, containing 60-80 p.c. HNO 3 . The 
overall jdeld was from 94-96 p.o., the nitre 
cake acidity varied ^rom 27-31 p.c. H2SO4, 
and the coal consumption was about 0*185 lb. 
per ik 100 p.o. HNO 3 with gas firing and about 
0*326 with direct firing. Using a nitre charge 
of 5000-5300 Ibs. the time of a oomjplete 
cycle was 18^24 hours (Ministry of Munitions, 
Department of Explosives Supply. Report on 


the Statistical Work of the Factories Branch, 
H.M. Stationery Office, London). 

In the United States (Zeisberg, Chem. Met. 
Eng. 1921, 24, 443-45) the cycle of operations 
with a 7000-lb. nitre chargfe requires only 
12 hours* The yield is also somewhat better, 
having been 97*6 p.c. there during war-time 
pressure, and is now approximately 99 p.c. 
The coal consumption with direct firing is about 
0*222 Ib. per lb. 100 p.c. HNO3 with continuous 
operation, and 0*205 with one-shift operation. 
The labour requirements are low, being 1 *9 men- 
hr. per 1000 lbs. HNO3 with single shift, and 
f-4 men-hr. with continuous operation. Without 
separation of the strong distillate and the weak 
absorptit)n tower acid, the average strength of 
the whole output is 88-90 p.c. HNO3, with 
about I p.c. NOj. • 

Full design data, with many detailed draw¬ 
ings, for British mtric acid practice, may be 
found in I’reliminary Studies for H.M. Factory, 
(Iretua, published by H.M. .Stationery Office, 
London. 

VacuuM processes. —In order to carry out 
the decomposition of the nitre at a lower tom- 
poratiirc, and thus avoid thermal decomposition 
of the nitric- acid, Valontiner (1). R. P. 63207, 
1891 ; Eng. Pat. 4264, 1907 ; U.S. Pat. 920224, 
1909) proposed carrying (»ut the decomposition 
in a vacuum. His process was fully described in 
the last edition of the Dictionary. 

During the war this process was considerably 
developed in Germany by Fnscher, principally 
m the direction of mcreasing the size of the 
apparatus and substituting a rotary liquid 
sealed pump for the older reciprocating pump, 
which was always a source of annoyance. 

A further improvement on the vacuum pro¬ 
cess has been made by Hough (Worden, Techno-* 
logy of Collulo.se Esters, Vol. T. Part 2, pp. 820- 
34, 1921), by introducing a .stirring device into 
the retort. His whole apparatus is shown in 
Fig. 5. 

A Jfitre charge of 5000 lbs. is placed in the 
retort, and the stirrer, B, and vacuum pump, y, are 
started. Sulphuric acid, which has first been 
. used in the scrubber, s, and the pump-tank, x, is 
then added from tank, w, 6400 ibs. of 92'6 p.o, 
acid being used The gases pass from the retort 
through E to the bleacher, 1, ailfi'thence to the 
condenser, J. The uncondensed gases pass to the 
scrubber, s, where they are scrubbed with sul- 
•phnric acid; then through the pump, Y, of the 
rotary, sulphuric acid sealed type, to the atmo¬ 
sphere. The scrubbing acid in s is next used 
to seal the pump, and is then used for charging 
acid. The hot acid from the bleachir runs 
through the coolers, L, to the receivers, b. and Bg. 
When the distillation is completed, as showji by 
the hydrometer in the still-watcher, m, the 
vacuum (usually aboflt 20 inohes Hg) is broken, 
the temperature of the charge is raised to melt 
the nitre-cake, and it is run out. 

It is claimed that five charges can be handled 
per 24 hrs. The whole of the flistillate is ob¬ 
tained at a strength of about 91 p.c., and 
practically free from nitrous acid. The yield is 
about 97 p.o. (since no absorption system is 
used) and the fuel consumption about 0*076 lb. 
per lb. 100 p.o. nitric acid, which is remarkably 
low. • The stirrer consumes from 1^-2 kw., 
and the pump abouti4 kw. 
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(Mer proceMCs.—CoDsideraUe work ^ been 
done (Guye, Eng. Pats. 131336, 131336, 1019; 
Norsk Hydro,^. B. P. 340380, 1921) on 
making nitric acid from nitrogen peroxide 
obtained from the arc process of nitrogen fixa¬ 
tion, or from ammonia oxidation, according to 
which the peroxide is liquefied and treated under 
pressure in an autoclave with water and oxygen. 
Highly concentrated nitric acid is thereby 
obtained, which is not the case when nitrogen 
neroxide is recovered in an ordinary absorjraon 
'system. 

Ammmia oxidation .—During the war there 


■'Wi 

was a great development of the so-oalled 
Ostwald process of oxidising ammonia. An air 
stream, containing 10 p.c. of ammonia, is passed 
through a platinum gauze maintained at a red 
heat by the heat of the reaction, or, according 
to Lani^ (U.S. Pat. 1193797, 1916), by the 
passage of an electric current through the gauze. 
The ammonia reacts with the oxygeij of the air 
according to the equation: 

(3) 4NHj+60j=6Hj0-(-4N0 

The resulting nittio oxide is converted to nitric 
acid by oxidation to nitrogen peroxide according 




to equation ( 2 ), and absorption in water accord¬ 
ing to equation {!), yielding a 60 p.c. nitric acid. 

With a pure ammonia gas *160 conversion 
proceeds smoothly, but tliere arc a number of 
contact poisons, of which the^worst is phosphine. 
Iron oxide, grease, tar, &c., should bo kept off 
the gauze. With pure gas and good operating 
conditions about 90 p.c. of the ammonia is con¬ 
verted to a recoverable form, the remainder being 
reduced to elemental nitrogen and lost. Once 
having obtained nitric oxide the gas is cooled 
quickly, to remove the water; it is allowed to 
oxidise, argl is then absorbed in watersin the 
usual way. 


In Great Britain a number of ammonia 
oxidation installations have been made jp con¬ 
nection with the nitrogen oxide supply to lead- 
chamber sulphuric*acid plants, for which pur¬ 
pose this process is ideally adapted. For most 
uses the nitric acid yielded by this process is 
too weak and must be concentrated, an expen¬ 
sive process at best. Nevertheless, Germany 
! obtained a large proportion of her nitric acid by 
ammonia oxicktion during the war, using, for 
lack of platinum, a catalyst made up of ferric 
oxide activated by the addition of manganese 
and bismuth oxides. 

*Fig. 6 shows an oxidiser of the flat gauze 







type dereioped in Great Bntain by the Murutionfl 
InrentioM Departmeait (The Oxidation of 
AmEQionia Applied to Vitriol Chamber Plants, 
M.I.D. Research Laboratory, 1919), and now in 
use at various lead-chamber plants. It consists 
of a separable catt aluminium casing into which 
is clamped a gauze frame, a. This fraAie carries 
a twodayer, SO-mosh gauze of 0’065 mm. pure 
platinum *wire if electrical heating is to be 
used, and a 4-lay6r gauze if self-heating is 
.used. The-area of the gauze is 4 inches by 
*6 inches, and about 480 Ibt. nitric acid arc 
produced per 24 hrs. The conversion efficiency 
IS 86 p.c. without elettrical heating, and 
90-96 p.c. with electrical heating. The gas 
mixture passes in at the bottom and through 
the aluminium baffles, B, before reaching the 
gauze. 

Fig. 7 shows afi oxitbscr of the cylindrical 
gauze type developed in the United States by 
Jones and Parsons (U.S. l*&t. 1321376, 1919; 
Farsojis, J. Ind. Fng. Chem. J919, 11, 641-62). 
It consists of an outer cylindrical shell of 
iron lined with chemical-ware. Into the centre 
of the space thus formed a cylindrical, 80- 
mesh gauze of 4 layers, made of 0'0026-inch 
pure platinum wire, 9 inches diameter by 12 
inches high, is suspended. 'J'hc gas passes into 
an alumimum head and down through the 
gauze. ' 

The chief advantage of the cylindrical gauze, 
in addition to that of gr(!ater capacity per unit, 
is that heat i.s radiatf'd from one part of the 
gauze to another, and it therefoi'c operates at 
a fflghcr temperature. This enables a higher 
conversion to be obtained, without the use of 
electrical beat. 

The capacity of a square foot of gauze is 
approximately 2600 lbs. nitric acid per 24 hrs., 
br 360 lbs. nitric acid per oz. troy of platinum. 
For fuller details, references (The C)xidation of 
Ammonia Applied to Vitriol Chamber Plants, 
M.I.D. Research Laboratory, 1919; and Parsons, 
J. Ind. Eng. Chem.‘l919, 11, 641-52) sluyild be 
consulted. E. H. and F. 0. Z. 

NITROGEN, ATMOSPHERIC, UTILISA 
TION OF. Nitrogenous substances, particu¬ 
larly nitrates and ammdnium salts, arc used as 
plant manures. The natural formation of 
combined nitrogen is insufficient to supply the 
soil, more parucularly on acjcount of wastage 
through the action of denitrifying bacteria, 
which yield free nitrogen, and from the present 
system of sewage disposal. 

According to 1']. J. Russell (J. Chem. Ind. 

1918, 37, 46R) one pound of combined nitrogen, 
properly used in the soil, will yield enough food 
to supply a man for about five ilays. Normally, 
a plant takes up practically the whole of its 
nitrogen in the form of nitrates, and the mo.st 
efficient nitrogenous fcrtilis^crs are the nitrates 
of potassium, calcium, and sodium, probably in 
the order given. Other nitrogen compounds 
must first be oxidised to nitrates in the soil. 
Ammonia is rapidly oxidised to nitrates by soil 
bacteria, and ammonium salts applied to the 
soil are converted into nitrates boiore the plant 
is ready for all the nitrogen supplied. Protein 
.nitrogen, amino-acid nitrogen, and amide- 
nitrogen, such as are present in farmyard manure, 
are also rapidly oxidised by soil bacteria. 
Calcium cyanamide is first eonverted into 


ammonia and then into nitrate in the soil. 
Other nitrogen oompounde, such as diazo-oom- 
ponnds, #tro-compoundfi, and ring-oompounds, 
are (as far as is Imown) useless as fertilisers. 
The relative values of combined nitron in 
various forms have been stated as follows j 
nitrate nitrogen, 100; ammonia nitrogen, 96; 
cyanamide nitrogen, 86-90 or more; protein 
nitrogen, 70-80. 

The natural sources of combined nitrogen 
are twofold. First, electrical discharges in the 
atmosphere, cause the union of oxygen an* 
nitrogen, with the ultimate production of 
nitrates and nitrites. (See, however, Moore, 

J, Chem. Soc. 1921, 119, 1655.) Ry this means 
it is estimated that every acre of ground in 
Great Britain is enriched annually to the extent 
of 11 lbs. of oombined nitrogen. In the tropics, 
where thunif'irstorms are more frequent, the 
amount is larger. 

The second natural source of combined 
nitrogen is the fixation of nitrogen by organisms 
in the soil. Jt is brought about by two groups 
of organisms. First, symbiotic organisms associ¬ 
ated with living 2>larits, especially those belonging 
to the pea family (leguminosai), and occurring ' 
in nodules in the roots. These are now supposed 
to bo bacilli, not psoudomoni, and arc known 
as is. radicicoln. Second, free-living micro¬ 
organisms in the soil, eitlicr aerobic {AzoiO‘ 
bacter chroococcum and A. aj/i/is), or anaerobic 
{Clostridium ‘pusleunanum). The iiitrifieatKm of 
ammonia by micro-organisms in the soil takes 
jilaeo normally in two stages. The oxidation to 
nitrous acid is brought about by two groups, 
viz. niirosfnnonas and nilrosococcus. The final 
stage, in which nitrous is oxidised to nitric acid, 

IS effected by niirohucftr. The actual products 
are, of course, salts of those acids, usually^cal* 
ciuin salts. The direct oxidation of ammonia 
to nitric acid has been stalled to occur as a result 
of the activity of Kaserer’s bacillus [B. nitralor), 
but this lacks confirmation. 

Denitrification, in which assimilable nitrogen 
compounds are decomposed with evolution of 
free nitrogen, is brought about by B. denitri’ 
ficanSf as well as by other groups of organisms 

sfuzci, &c.). 

i^ttempts have often been made to use 
cultiKres of nitrogen-fixing bacteria in the soil 
for the purpsso of promoting nitrification, under 
the names of ‘ nitragino,’ ‘ nitrobacterine,’ &;c. 
These, ^.nd the use of ‘ bacterised peat,’ do not 
'apjiear to, have been very satisfactory {see 
J. Soc. Chem. Ind. 1907, 26, 304). 

Ij^umcrous experiments have been made with 
a view to the practical utilisation of the bacterial 
oxidation of ammonia to nitrates, notably by 
I Muntz and Lain6, and Boulanger, of the Pasteur 
I Institute, and by Lunden and Thorssell of 
Stockholm. The former ui^d a mixture of 
charcoal, turf, and chalk, iunooulated with 
nitrifying bacteria, through which a dilute 
solution of ammonium sulphate was percolated. 
The optimum temperature was found to be 30®C. 
The bacteria cannot tolerate too concentrated 
solutions of ammonium salhi, but are unaffected 
by considerable amounts of nitrates. The 
liquor is therefore passed from one nitrifying 
bed to another, and enriched by the addition 
of a portion of ammonium sulphate between 
i each bed and the next. A solution of oaloinm. 





nitiate is obtained, whiob may be laecipitated 
with ammonium oarbonate to torn ammonium 
nitrate. The bigbeat oonoentration of calcium 
nitrate attained was 62*26 grams per litre; the 
nitrifioation then ceased. In semi^teohnioal 
experiments the supply liquid contained 6*7 
grams nitrogen as calcium nitrate, and 1*3 grams 
nitrogen as ammonia, per litre. 

Lunden and Thorssell (Eng. Pats, 16667, 
16668, 16070, and 16671, 1918) use a nutrient 
^lution containing nitrates as well as ammonium 
salts; the latter may be ammonium nitrate, 
the ammonia of which is oxidised. After 
bacterial oxidation, part of the solution is used 
for the preparation of ammonium nitrate by 
adding ammonia and carbon dioxide; but the 
main part, enriched with more ammonium salt 
and a suitable amount of calcium carbonate, is 
sent back to the bacteria beds* for further 
oxidation. Calcium carbonate or toilet sponge 
is used as substrate instead of tui*f, and a current 
of air passed through. The method of culti¬ 
vating the bacteria (obtained from fertile soil) is 
described in Eng. Pat. 15669, 1918. Pure 
cultures are not essential, but extraneous 
organisms such as moulds and protozoa arc 
injurious ; they may lie eliminated by avoiding 
organic matter m the culture media anil liy 
adtling small amoimis of poisons such as plicnol, 
cuprous cyanide, Hodiuin fluondi', and aniline, 
to which the nitnfying bactci-ia are very 
resistant. 

The objections to such processes are their 
slowness, the space requiied foi handling the 
enormous bulks of dilute solutions obtained, 
and the large amount of fuel required for 
evaporation. 

The natural deposits of guano have long 
boon exhausted, and the deposits of soilium 
nitrate of Chile are approaching a similar fate. 
If the improved processes for working these 
deposits are adopted {.see Sodium Nitrate), and 
are successful, the amount *of workable nitre 
may amouut to about 250,000,000 tons. At the 
present rate of consumption, this would extend 
the life of the beds to 100 years. Altogidher, 
200 years is believed to be a reasonable life if 
the deposits at present unworked are developed 
(Ohimie et Industrie, March, 1920). These ealfu- 
lations, however, leave out of account the normal 
growth of demand, which is roughty doubled 
every ten years, and the cost of exploiting the 
poorer dopo.sits will naturally rise, perhajft to a 
prohibitive limit in the face of compoCfiion with 
synthetic methods. 

Next in importance the Chilean deports 
is ammonium sulphate, formerly exclusivdy 
and still largely obtained as a by-product in the 
manufacture of coal gas and motallurgieal coke, 
during which processes only abou^ 20 p.c. of 
the nitrogen of the coal is recovered as ammonia. 
In the Mond process of gasification, where large 
amounts of steam are passed* along with air 
over the fuel, as much as 60 p.c. of the nitrogen 
is recovered, but all the other valuable by¬ 
products, such as benzene, are lost, and the gas 
is of relatively poor heating value. The supply 
of combined nitrogen obtainable in this way 
would, however, be entirely inadequate to meet 
the growing needs of agriculture. ^ 

The chief %pplication of combined nitrogen 
is. in the productioii of food. The exhaaistion 


of the Chilean deposits without the posability 
of alternative sources, would therefore give 
rise to what is known as the ‘ Nitrogen Problem,* 

i.e. the question of avoiding starvation. 

Combined nitrogen also fofms an essential 
constitueat of large numbers of dyes, explosives, 
and drugs, and ammonia is used in the ammonia- 
soda process and in the liquid form in*refrigera- 
tion. Cyanides are used in the extraction of 
gold and in electroplating. The peculiar. 
urgency of the nitrogen problem under war 
conditions is clear. 

The nitrogen of tile atmosphere over every 
sf^uare mile of the earth amounts to about 
20 million tons, or over thirty times the amount 
contained in the whole of the Chile nitre and by¬ 
product ammonium sulphate produced per 
annum. The supply is practwally inexhaustible. 
The methods at present in use for fixing atmo¬ 
spheric nitrogen aro»as follows;— 

1. The direct synthesis of ammonia from 
nitrogen and hydrogen gases (the Haber process): 

^ 2NH3. 

2. The direct synthesis of nitric oxide from 
the air in the eleclnc are, folkwed by the con¬ 
version of this nitric acid and nitrates: 

N2 l-O. $ 2N0 ; 2N0 + Hi()+30=2HN0,. 

3. Till! reaction between nitrogen and cal¬ 
cium carbido, leading to tlic production of 
calcium cyanamido, CaCNg, which may be used 
directly as a fertiliser or decomposed by super¬ 
heated water with production of ammonia : 

CaCa4 ; 

CaCN,+3H,O-0aCOjH-2NH3 

4. The conversion of ammonia, obtained by 
method {]) or (3), into nitric acid and nitrates* 
by catalytic oxidation: 

4NJr,+502-=4N0+6ll20. 

Each method has ])articular advantages and 
(lisadvaitages, depending miynly on the par¬ 
ticular facilities offered by any locality in the 
way of cheap ]»ower, fuel, and skilled labour. 

The enormous extoniiion which has taken 
place ill nitrogen fixation industries may be 
appreciated from the table at the top of the next 
page (Statistical Supplement t^tho Nitrogen 
l^roducts Committee’s Report, 1921), showing 
the actual output of fixed nitrogen in 1912 and 
J.he maximum potential capacity in 1020. The 
figures refer to world resources. 

This table shows that whilst the relative 
output contributed by ('hile has decreased to 
half, that of synthetic industries has ir^reased 
from 4| p.c. of the whole in 1912 to 43 p.c. in 
1920. The most important fact is that 
proceJises are now the largest contributor to the 
world's requirements. *111 spite of‘the enormous 
extensions of the Ilaber process, the cyanamide 
process is still the largest single contributor 
to the synthetic production of fixed nitrogen. 

Syntiietio Ammonia. 

Experiments on the union of nitrogen and 
hydrogen, with formation of ammonia, on 
passing electric sparks through a mixture of the 
two Ases, were jnade by Regnault in 1846, by 
Devine in 1865, and by H. B. Dixon in 1888 
* » 


mTBmm atjkjspherio, umiSATioN .oF. 



670 


NITROGEN, ATMOSPHERIC, UTILISATION OF. 




1912 



1920 


Source of simply 

Output in 
long tom of 
product ^ 

Metric tons 
N 

p.c. total 
output 

Productive 
capacity In 
long tons of 
product 

Metric tons 

N 

p.c. total 
pro¬ 
ductive 
capacity 

Chile nitrate industry 







(assuming 06 p.c. 







product) 

2',5ai,!»76 

411,329 

57-5 

2,900,001' 

471,000 

30'2® 

By-product Ammo- 





nium sulphate (24*5 


f 





p.c. ammonia as- 







sumed) . 

1,220,773 

272,007 

38*0 

2,016,440 

413,000 

2fl-C 

Cyanamide (18 p.c. N). 

12(1,538 

22,435 

31 

1,777,000 

325,000 

20-9 

Arc products (13 }i.c. 





N). . 

75,000 

»,!»07 

1*4 

200,400 

38,300 

2-6 

Synthetic ammonia . 

nil 

ml 

nil 

1,503,000 

.308,000 

19-8 

Total fixation 

‘ 2(11,638 

32,342 

4-5 

3,570,400 

071,300 

43-2 

Grand total 

4,018,28(5 

715,078 

100 

8,551,000 

1,555,300 

100 


(srealso JirincrandMettlor, J.('him. Phys. 1008, i 
f), 137 ; Briuor and Kahn, ihid. 1014, 12, 634 ; 
Briner and BaurfusH, Hclvct cliim. Acta, 1019, 
2, 95, 1(52). Mabcr and van Oordt (Zeitsch. 
anorg. Chem. 1006, 44, 341) cxaiinned the pr<.)- 
duction of ammonia* on passing tlio mixed gas 
over iron, acting as a catalyst, at atmospheric 
pressure. An important advance was made by 
Ncmst (Zeitsch. Klektrocheiu. 1007, 13, 521 ; 
1910, l(i, 90) and his assistant Jost (Zcitseli. 
anorg. Chcm. 1008, 57, 414; Zeitscli. Elcktro- 
chem. 1008, 14, 373), who were the first to work ; 
under pressure (up to 30 atm.). Further in¬ 
vestigations by ilaber and hl^^ pupils (Haber 
and Le Rossignol, Zeitsch. Elektrocliem. 1013, 
10, 53; Ilaber, Ponnaz, and Tamaiu, ibid. 
1916, 21, 80; Haber and Masclike, ibid. 
1916, 21, 128; Haber and Greenwood, ibid. 
1915, 21, 241 ; ate also Maxted, Ammonia 
and the Nitrides, 1021) h^d in 10)0^ to the 
adoption of the •jirocess by the Budisehc tVi,, 
in whose hands it has develoiiod in a surjiriaingly 
short time into one of the greatest chemical 
industries in the world*. In tlie perfecting of tlw 
technical details of the process Hr. 0. Bosch 
took a ieaflin^, part. 

The Badische process consists in bringing a 
mixture of pure lutrogen and hydi-ogen, in the 
proportions of 1 to 3 by volume, under a 
pressure of 200 atm., in contact with a catalys't 
such as iron at about 000®. Under these con¬ 
ditions about 8 p.c. by volume of ammonia is 
produced when equihbrium is attained. The 
gases * are circulated through the catalyst j 
chamber by pumps and pass through a heat 
ex(Aangcr, in which they give up part of the 
heat evolved in the rcajition to the incoming 

S aaes. The ammonia is removed from the gas 
y washing with water under high pressure and 
the residual gas again goes to the catalyst. 

The reaction N 2NH3 is exothermic. 

The heat 0/ formation of 1 gram'mol. NH3 at 
constant pressure is stated by Thomsen to be 
11*89 kg. oal. at 18®C. Borthelot and Matignon 
at higher temperatures found 12*2 kg. cal. 
Nemst (Zeitsch. Elektrochem. 1910, 16, 96) 
oaloulates 15*1 col. at 860''’. The heat.of for- 1 

« ^ Maximum war 

I 


niation of ammonia was determined by Haber and 
Taraaru (Zeitsch. Elektrochem. 1016, 21, 191), 
and Haber, Tamaru, and 5holm {ibid. 206), 
whose results arc summarised below ; 



Q/i obs. (kg. cal.) 

Qp calc. (kg. cal.) 

0 

10 00 

10*95 

4(50 

12*(57 

12*67 

503 

12*70 

12*77 

654 

12*8(5 

12*01 

(560 

13*10 

13 16 

values 

‘ Qp calc.’ were 

found from the 


equation: 

Q;,=lO050-f 4*5f~0 001822t* gm. cal. 

The specific heat of ammonia was deter- 
minerl by Haber and Tamaru (Zeitsch. Elektro* 
chcm. 1915, 21, 228); for the true molecular 
heat at constant jitcssure they give: 

(>^8*(32 f 0-0035(H-5*1 X lO"*/* gm. cal, 

Nernst’s results are somewhat lower (Zeitsch. 
Elektrochem. 1910, 16, 0(5): 


tv. 

Cp obs. 

Cp calc 

Cp obs. Nemst 

309 

10’3 

10*2 

0*45 

422 

• 11-0 

11*0 

10*0 

523 

11-8 

11*8 

10*7 


yince the reaction is exothermic and occurs 
with diminution of volume, it is clear on thermo¬ 
dynamic grounds that the yield in equilibrium 
viil be increased by working under high pressure 
at as low a temperature as is compatible with 
an adequate reaction velocity. Haber (Zeitsch. 
Elektrochem. 1914, 20, 697) gives the following 
yields, in ^lercentages by volume, with the 
mixture Njj-fSHj. The ^hole of the results 
are represented by the equation : 

log Kp-2098/T-2*6088 log T 

-0-000i006T-f 0-186 x 10-«T»+2*1 

or, approximately: iqg K^—2888 T—6*134, 
where, in both cases, 

{Set also R. S. Tour, J, Ind. Eng. Chem. 

1 19il, 13, 298.) 

output in 1917. 
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Better yields are obtained by the addition of 
I substances termed ‘ promoters * to iron, nickel, 

; or cobalt used as the main catalytic agent, 
i These substances are specified as compounds of 
; magnesium, beryllium, alumiHium, or of the 
j alkali, alkaline-e^rth, or rare-earth metals, or 
I of zirconium, vanadium, tantalum, chromium, 

1 manganese, midybdenum, or tungsften. Iron 
' and molybdenum appear to form a very effective 
catalyst, although the physical projierties of the 
1 catalyst, such audits tendency to disintegrate 
! under pressure, must be carefully studied. The 
\ addition of thtj oxMe or other compound of 
' fiiagncsnim or Hiuininimn is said to be particu¬ 
larly favourable. (!crtam substances diminish 
or destroy the. catalytic jiroperty of the iron, 
&c. Sueii are, for example, arsenic, sulphur, 
Lord Kayleigh, working witli.i mixture „f t S"'"'"'™- tellurium phosiiinrus, boron, anti- 
nitrogen and hydrogen and an aeid f,,„„tain ''“''‘'5'; 
in hia apparatus (ji. 681), observed that nitrogen j 

was fixed as ammonia at about half the rate at I f''* '’,f J* 

which it was fixed aamtiieuxiile under the aameii‘‘“'’'« 
conditions with oxygen. Maxted (./. Cheili. i 

8oc.l!)lH,llS, l(i8,:i8U; 19111,115, llii; ,1.Hoc. ' ‘f'*’ “plytic agent placed 

Chem. liid, 1918, 97. 2:!2T ; Ung. I’als. 19992;i, i I he tmxtun-of iron and a promoter 

1300R3,1919; r/.llnner,Ilelv.nmn. Ala, 1919, i ’"“y »>il>l>»'t«l ™ch as asbestos 

2 , 162) pointed out tliat the equation dediiocd ' «>™tiluent of the earner 

from therniodv,iamies.i«r the ammonia eqiii- : -aav constitute the promoter, hut it is necessa^ 

)f the ^ ^ jJionujter should 

be actually mixed together. 

J)eter!(>ration of maugaiK'se used as a catalyst 
18 ]>rf‘ventcd by the use of a mixture of nitrogen 
and hydrogen which has been freed from all 
traces of oxygen, by passage over metallic 


Tempera¬ 

ture 

Equilibrium percentage of ammonia 
(by vol.) 

1 SO 100 200 1000’ 

C. 

atm. 

atm. 

atm. 

atm. 

atm. 

200 

15*3 

67-6 

80-0 

85-8 

— 

300 

2-18 

31-8 

62*1 

«2-8 

— 

400 

0*44 

10-7 

26-1 

30-3 

— 

600 

0-129 

3-G2 

10-4 

17-(> 

— 

636 

— 

_ 

— 

— 

40 

600 

0-049 

1-43 

4-47 

8-25 

— 

607 

_ 

_ 

— 

— 

30 

072 

— 

— 

— 

— 

20 

700 

0-0223 

0-(i« 

2-14 

4-JJ 

— 

740 

— 

— 

— 

— 

14 

800 

o-oin 

0-35 

1-15 

2-24 

— 

900 

O-OOfiU 

0-21 

0-(>8 

1-34 

— 

1000 

0-0044 

013 

0-44 

0-87 

— 


librium would rcqnin* a clunigf' of sign 
heat of formation of arnmoma above 1000“C. 
and hence the yield of ammonia should increase 
with tenipcratiire at very high temperatures. 
This was confirmed exjienmentully by the forma¬ 
tion of ammonia from mtrogiui and hydrogen in 


the oxy-hyiirogen blowpipe llame and jV the | 

The liigliest percentoge obl,ii,u.<l al, otmo. j «'“.*• “d absorb oxygen, 

treatment by jiassago over heated palladium 
asbestos and calcium chloride. The sainf 
precautions must be taken if uianganese nitride 
is used. 

The production of ammonia may be modified 
by ])as8ing nitiog(‘n and Jiydrogen alternately 
over if catalyst, but this method does not seem 
to be m use. 

The synthetic ammonia plant of the Badischo 
Co. comprises two facti^ies : the Oppau works, 
forming practically a continuation of the parent 
works at Jjudwigshafen, and the Leuna works 
near Merseburg (Halle). OppiCb, winch is said 
to have cost £I5,(XJ0,00(), was commenced in 


arc. i.iic iiiuiicHU pcicciiLiiize ooLauifo ai-ai/iiio- I , ■, 

spheric pri^ure was 1-.6. The iiosa.hility of I they may he auhjectcd to a prelmunary 

* .1 . ^ • ji r . 1 1 T.rp.n.t.nu>iil. hv onHsami nvpr ni*>i,T.f‘fi TiAllaniiini 

synthesising ammonia in the arc at atmospheric 
pressure under conditions which do not require 
absolute purity of the gases may be ke]ii in 
mind. 

On account of the diffcRmt compressihihties 
of nitrogen and Jiydrogen, a correction must be 
applied in making up the mixture by pumping 
one gas inti- a cylinder of the other to a given 
final pressure. This has been calculated by 
tbehrane (Physical and Chemical Data. oT 
Nitrogen Fixation, Munitions InvcntionB|I)e- 
partniont, stationery OHioe, 1918). 

The catalysis which bring aboitt the union 
of hydrogen and nitrogen have been thoroughly 


mvoBtigated. Haber first used metaihe .,mrum,; V"'*’ '"it!'" "'1”.'!'“^ ’ 

but this is cxceeduigly expensive. Ho therl t 


The synthetic nitrogen products made at Oppau 
m 1918 are stated to have been: 


Nitric acid 
Ammonia liquor ^ 


40,000 


XHj «i|uivaleat 
4,260 
20,000 
10,800 
40,000 


found that uranium is nearly as effective as 
osmium. Crude uramum carbide obtained by 
the reduction of uranium oxide by carbon in | _ 

the electric furnace IS a convenient form. When • . . 

brought in contact with nitrogen and hydrogen : Ammomuin nitrate . 10,0(K) 
under pressure it absorbs nitrogen and falls i “<''dmni nitrate . 180,000 

to an extremely line powder, which is very 
active. 

In the later developments, in which pressures 
up to 200 atm. are used, iron has been found 
suitable. Nernst found that pure iron is - 

relatively inactive. Its activity is considerably j , , , , . 

enhanced by the addition of other suhstanocs. ( The ^iina works has b^n erected since 
Molybdenum and molybdic acid have also been ! and when completed, the output will be 
found effective catalysts, after first being heated | _ 'I combined 

in a current of ammonia and changed into * '' ” 

nitride. • * 

^ Eesutts of Claude. * 


A portion of thc^ Oppau works was destroyed by 
an explosion in 1921 {see J. Soc. Chem. Ind. 


output of. Oppau and Leuna has been given as 
follows (Statistical Supplement to Nitrogen 

^ £x))orted to H6clAt lor oxidation to nitric arid. 
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Products Committee Report, Stationery Office, 
1921):— 

Metric tons of ammonia per day. 

1914 1918 1920 (estd. 

max. capacity) 

Oppau . , 25 220 (^50 

Leuna . . ml 400 800 ^ 

Total . 25 020 1050 

Importation of Olnic nilmtc by Germany is 
no longer necessary. The German Minister of 
the Interior reporteil that^ermany in 19J 0 made; 
by all processes 400,000 tons M synthetic fixed 
nitrogen. Resides synthetic ammonia, olhei 
salts such as the chloride and nitrate and mixed 
salts for fertilisers are made at the Jlabor 
factories. 

The power for both plants is cheaply jno- 
duced from lignite, gaHified in ‘ Ramag ’ pj o- 
dneers, 12 feet by 25 feet, with rotary grates, a 
little steam being added to the air. In the 
Oppau works {to w’hich the following description 
applies) the power ]>lant generates J5,0<K)- 
10,000 h.p. A row' of 12 gas producers, each 
consuming 20 tons of lignite and yudding 
2 ,000,000 cubic feet of gas ]>er day, is built 
along-side a similar row' of water-gas generators, 
whicli provide the hydrogen. The latter use 
Ruhr oven coke, and are of the Pintsch ty])e 
with rotary grates, 15 feet by 25 feet, gasifying 
over 30 tons of coke to 3,000,000 cubic feet ol gas 
each daily. Some air is added, and the resulting 
gas contains about 40 p.c. ITg, 30 p.c. CO, 12 p.c. 
COg, and *18 p.c. Ng. I’he water gas is treated 
by the Bosch process (Eng. Pats. 20770, 1012;; 
27117,1912; 124700,1918; U.S. Pats. 1115770, i 
1914; 1200805,1010; Zeitsch.kompr. undflussige | 
, Gase, 1914,10,187), in which a mixture of wat-er! 
gas and steam is passed over a catalyst consisting ■ 
of ferric oxide with promoters such ns chromium 
oxide at a tompcratui'e of 400“-500° when the I 
reaction 00d- 11. 0*^00. 4- Hg takes place. The j 
catalyst remains active for two yearA. The 
catalyst plant comprises 24 units in 2 sections 
of 2 rows of 0 or 7 units. Each unit has 2 
heat exchangers and 1 elevated catalyst chambm-; 
the latter is 10 feet by 12 feet by 10 feet d(‘ep, 
with an oval cover carrying two 8-meh pijiOvS, 
and contains 2'trays of (catalyst. The heat ex¬ 
changers are 30 feet by 15 feet by 0 feet, and the 
whole apparatus is lagged, so that the reaction 
takes place without external heating. (The 
addition of a little oxygen or air to the gas has 
been described as a means of maintaining the 
temperature, a free flame burning in the catalyst 
chamb*w.) The gas issuing from the converters 
(in which the reaction is conducted at atmo¬ 
spheric pressure) contains a little (JO (according 
to Greenwood, Industrial Gases, p. 103, this 
may be 2'5 p.c.) and mtist be purified from 
COg, residual CO and HgS (from sulphur in the 
coke). 

The purification (Eng. Pate. 9271 of 1914; 
12054(5 of 1918; Fr. Pat. 389671 of 1908; 
U.S. Pat. 1196101 of 1916) is carried out by ! 
washing out the COg with water under pressure 
(Eng. Pats. 11878 of 1910; 124761 of 1918); 
washing finally with Soda (Eng. Pat. 16053 of 
1014) is not used. Carbon monoxiile is taken 

^ When complete; this capacity was not reached In 

1020. < 


out by washing with ammoniaoal copper formate 
solution and hot caustic soda solution under 
high pressure (Eng. Pat. 1759 of 1912 ; U.S. Pats, 
1126371 of 1915; 1133087 of 1916; J. Amer, 
Chem. Soc. 1921, 43, 1) which also takes out 
HgS. The copper solution contains excess of 
ammonia (not less than 6 p.c.) to prevent iron 
being attacked ; the soda solution may contain 
, 25 p.c. NaOH, and is brought in contact with 
; the gas at 260° under 200 atm. 

in the ])urification from carbon dioxide tlfo 
gas, earned by a 3-fcct main from the con¬ 
verters, IS compressed to 25 atm. and passed 
to the bases of 8 stcgl towers, 30 feet by 4 feot, 
})ackcd with rings, into the tops of which water 
I at 25 atm. pressure is injected by circulating 
' pumps. The water is.sucs charged with COg; 
it is 2 >»^f^scd through Pelton wheels, in which 
60 p.c. of the power is recovered, and the OG 3 
evolved is collected. It is important that the 
amount of (JOo recovered i.s more than sufficient 
to convert all the ammonia made into sulphate 
by the gypsum ])ri>cess, or into chloride by the 
amuioiiia-soda ju'oeess (.sec below). The gas is 
now })aKHeil through steel bottles winch act as 
: Rjiray eatcliers to the high-pressure plant. Here 
I it 18 brought to 2(K) atm. and delivered to the 
I carbon monoxide jiurifiers. 

'Plus })laiit consists of 16 towers of 8 ])ecial 
steel, each in one juoce, 25-30 feet high and 
2 feet 0 inches external diameter, with flanged 
ends, and packed with Guttinann balls. In the 
first eight of those an ammoruacal copper 
formate solution is circulated, in the remainder 
caustic soda ((0) f NaUH=H‘C()ONa). The 
liquids arc circulated by 8 hydraulic pumps of 
forged stool, 200 h.p. total, and the amuioniacal 
copper solution, which absorbs ton times its 
volume of CO, is passed down a 40-foet tower, 
when the gas is released and collected. Spray 
traps in the form of vertical steel bottles are 
placed under these towers. The presence of 
O’Ol p.c. of CO in the final gas is said to be 
injurious. 

I The purified hydrogen (with some nitrogen 
; from the air mixed in the water-gas operation) 

! is now passed to the catalyst jilant by a high- 
pressuro main. The nitrogen content is brought 
upto the ratio N 2 : 3 H 2 from a Linde plaJit and 
' the gas is dried. 

'J’ho catalyst plant in which the mixture is 
converted into ammonia consists of 16 steel 
bombi', each comprising two straight flanged 
sections, feach 6 ra. long and 80 cm. internal 
diameter, the walls being 18 cm. thick. These 
ard bolted together and- the covers are held on 
by fifteen 4-inch studs. The walls are perforated 
at intervals of 1 foot with ^-inch tapering boles. 
Inside is a special steel liner, making a gas-tight 
joint with t'^e ends (U.S. Pat. 1188630, 1916; 
D. R. PP. 254571 and 2682»6,1911)—this is to 
prevent attack of the carbon-steel bomb by the 
hydrogen; a lining of electrolytic iron might 
also bo possible. Inside this liner is probably a 
refractory lagging and a support for the catalyst, 
the internal diameter of the catalyst space being 
50 cm. The outer walls are heavily lagged, and 
roach 300°-400°; the catalyst is at 600°. The 
temperature is maintained by heat exchangers, 
con^sting of forged steel tu^s, 6 m. long and 
15 inches external diameter, fitted internally 
with nests of g-inch steel tubes autogenously 
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welded into end plates. Each catalyst unit > 
(costing 100,000 marks) is mounted vertically 1 
with its heat exchanger inside a brickwork i 
compartment with strong iron doors and plank- ; 
ing, with a little of the bomb projecting above, j 
Starting is effected by adding oxygen (which ' 
does not come in contact with the catalyst) 
(I). R. P. 259870, 1911) or by electrical heating 
(U.S. Pat. 1202995, 1916). An iron catalyst 
with a promoter (possibly molybdenum) is used S 
(B. R. P. 265295,1912). | 

• The gas is circulated through the catalyst; \ 
argon and methane may accumulate uj) to ^ 
several p.c. ; 10 p.c. of the gas is lost by leakage. , 

The ammonia is removed from the gas by j 
solution in water under j>reH8ure (I). R. PP. i 
235421, 1908; 270192, 1912); hquefuctioiv 

(U.S. Pat. 120299.5, 1910) is not economical, j 
Three water injector pumps are eomiected with 
9 sets of absorbers, each consisting i)f 3 water- | 
cooled stool spirals set vertically, the upper 
spiral being 60 feet above ground. 'J’he gas : 
passes down the low'ost 8])iral, rises to the top 
of the second spiral and passes down Ibis, and \ 
similarly with the third spiral. Water flows ' 
down all the spirals by gravity. A solution ; 
containing 25 p.c. NIT^ is obtained. 'Phe gas is ^ 
dried and sent back to the catalyst syst<‘m. 

'Phe personnel at Oppau comprises 1509 : 
labourers, 3000 mechanics. 350 clerks, and 350 
chemists. The fuel requirements (MoConnell, 
J. Ind. Kiig. f^iern. 1919, 11, 837) are 1750 tons 
of lignite (400 for gas engines, 1000 for steam 
for Hj plant, and 350 for jiower plant), and 
500 tons (d coke (for II^) per day. The daily 
cost of labour is £2,300, of fuel £2,300, and 
working expenses, interest, &c. £6700. 

The Haber process carried out at Merseburg 
differs from tliat at Oppau in two respects: 
(1) the mixture of nitrogen and hydrogen is 
made directly by froaling a mixture of producer 
(air) gas and water gas, with the addition of 
steam, by the Bosch process^(Eng. J^at. 16209, 
1920); (2) the purified mixture of nitrogen and 
hydrogen, before passing to the main catalyst 
furnaces, is passed through a series of sraall 
catalyst furnaces (‘ Vorofen ’) to remove im¬ 
purities (Eng. Pat. 5835, 1911). 

There are 31 gas generators, 5 for air gAs 
and the rest for water gas, all the air being jifo- 
vided by two blowers, each of 35U^h.p. 'Phe 
gases are passed through throe gasholders, each 
of 1,705,000 cubid feet capacity, providing a 
reserve for fifteen minutes. From thc?^ the 
gases are taken and mixed by blowers. 1’ho 
mixed gas then takes up the requisite amount 
of water vapour in two lows of si.x towers, cfftdi 
82 feet high, through which hot water is pumiwd 
by seven pumps, each of 70 h.p. The waU'r is 
warmed in a tower by the gases leaving 1 he heat 
exchanger of the contact furnaces for the 
hydrogen producticAi. There are 48 heat 
exchanger towers. 

The gases, containing hydrogen, nitrogen, 
carbon monoxide, steam and some carbon dioxide, 
now pass, after pre-heating, to two sets of 
24 contact furnaces,in which the reaction 
CO+HaO^COj+Ha occurs. The gas passes 
to two gasholders, one of 350,090 cubic feet 
and the other of 1,050,000 cubic feet capacity. 
Carbon dioxic^ ia removed by washing iif 21 
to 30 towers at 26 atm., the compression of the 


gas being in large part effected by one of the 
cylinders of the zOO atm. compressors, although 
a fev* pumps for 26 atm. are provided. Pelton 
wheels recover about 40 p.c. of the energy of 
the released gas, which is utilised to compress 
the water to 25 atm. The poT^er for this part 
of the plant is 40,000 h.p. 

For the removal of the carbon rjonoxide, 
the gas compressed to 200 atm. by twenty-four 
1000 h.p. compressors and twelve 600 h.p. 
compressors is scrubbed in 19 towers with 
ammoiiiacal cojipe# formate solution circulated 
by 9 double pumps of 600 h.p. The carbon 
ii^onoxido rccovcscd ffy reducing the pressure 
ill towers is sent along with water to the hydro¬ 
gen c()ntact plant. Six towers for caustic soda 
remove tlie remaining carbon monoxide, the 
soda being circulated by 6 small pumps. 

'I’he gas now passes to 9%mall contact fur¬ 
naces (‘Vorofen’), in which the remaining 
impurities arc remofed by catalyst mass before 
]>a8siiig to the main contact furnaces. ’Fhere 
are 24 main catalyst furnaces (5 being in reserve), 
and 24 heat exchangers. Circulation is effected 
])y II pump.? of 700 h.p. each (‘Uinlauf- 
pnni])en ’). 'J’lic ammonia formed is absorbed 
in water, I'omprc.ssed to 200 atm. by five 
100 h.p. and two 300 h.p. i>uinps in 20 towers 
39'3 leet high and 29 inches diameter. The 
ammonia solution is passed to an expander, the 
ammonia gas evolved being absorbed in a 
separate tower. In the exiiansioti the liydrogen 
and nitrogen gase.s tlissolved in the water under 
200 atm. jiressure arc liberated; these pass 
through the ammonia scrubbing tower and are 
collected in a gasholder, from which they ro- 
ofiter the circulatory system. 

The Badische Co. (T). 11. P. 300724, 1020; 
cf. 1). R. P. 299752, 1919) prepare synthetic^ 
ammonium sulphate by the interaction of a' 
solution of ammonia m water, finely powdered 
gypsum, and carbon dioxide : 

2NHa+(:Oi, I UaS(),-fH.,0 

• ‘ =(N‘H 4 ) 2 S 04 +CaC 0 »(ppd.) 

(wc also Wride, C'hem. Age, 1020,2,32), They 
also prepare ammonium ^hloride, apparently by 
* modification of the ammonia-soda proc^css 
(Zeitsch. angew. (!hcm. 1918, 31, 6.54), the salt 
being appUeable as a fertiliser (C^cm. Jnd. 1919, 
42, 438). 

1'he only other synthetic ammonia factory 
outside Oermany is the United States Nitrate 
Factory No. J, at ShcfFiold, Alabama, erected 
during the war. 'I’his utilises the modified 
Haber process of the General (fhcmical Co. 
(U.S. Pats. 1141947-8, 1915; Eng. Pats. 
120546, 1918; 124760-1-2, 1918). The ^talyst 
ia jireparcd by impregnating pumice with nickel 
or ferric nitrate, heating to 550"’, reducing at 
this temperature with hydrogen, and treating 
with sodium and ammonia gas at 450“. Soda- 
mide is formed in the spongy metal, and the 
mass acts at 500'" under 70 atm (a much lower 
pressure than that used in Germany). The 
plant was designed to produce 21 '5 tons of NHs 
daily, and cost 13,000,000 dollars, (Fairlio gives 
the cost as 20,000,000, other authorities as 
14,000,000); the 8ynthetic,ammonia section cost 
7,000,000 dollars but requires another million 
for copipletion. Three units are installed. The 
works was operated for a short time, but great 
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difficulties were encountered owing to faulty 
design, and the works was closed in January, 

1919, about three months after work began. 
The process developed into a straight blue water 
gas make, followed by addition of air in the 
hydrogen converters for flame combustion to 
maintain the temperature, (Caustic ';icrubbing 
was discarded as giving too much sediment, and 
ammoniacal cuprous carbonate alone was used 
at low tem|>oratiiroH. 'I'ho catalyst furnaces, 
which were operated at 100 atm., were similar 
to the well-known Badische <.')nverters for SOg, 
but much thicker and callable of withstanding 
pressure. The catalyst was eontained m the 
internal battery of iron tubes. Self-hoatmg was 
not attained (R. S. Tour, J. liid. Eng. (’horn. 

1920, 12, 844). The Habor process was in¬ 
vestigated in iCngland during the war by the 
Munitions Inventioiis Department, and a fu<!tory 
was begun at Bilhngham-on-Toe.s. 1’iio under¬ 
taking was acquired by Brunner, Mond and (V>., 
who are understood t<j bo erecting a factory for 
the production of 20 ions of ammonia per day, 
with possibility of extension. In France the 
process is to be worked by the (Vunpagnic 
Nationalo de TAzote, under agreement with the 
Badische (jo., and similar arrangements have 
been made in Italy and Japan. For ])o.si-war 
progre^is in nitrogen flxalion sec J. A. llarkcr, 
J. Soc. Chom. hid Df22, 41, ‘187 B. 

The Claude Process of Ammonia Synthesis.— 
The increased production of ammonia which 
would result from the use of very high pressures 
in the presence of catalysts is tlu'orctically self- 
evident. The attainment of those very high 
pressures has been described bv («'• (-laudc 
(Eng. Pats. i;i008(), 1018; 14()083, 140080. 
142180, 150744, 1532.74, 1020; jiroposa! to 
obtain hydrogen from coke-oven gas by remov- 
‘ mg methane by washing with a solvent, such as 
ether, at -50'’(k under 100 atm. pressure, 
Eng. Pat. 130358, 1910; ('ompt. rend. 1021, 

172, 974; production of hydrogen from water 
gas by partial liijuefacUon, Coinpt. rend. 1021 , 

173, 653). The increased evolution bf heat 
consequent on the greater yield of ammonia has 
then to be eliminated (Eng. Pat. 15077t, 1920; 
CIoTupt. rend. 1922.174,'157, 681). 'I'lie gas aften 
one passage over the catalyst at 90O-10(X) atm., 
which are the pressures spocilied, is so rich in 
ammonia (over ‘'’20 p.c. by vol.) that the latter 
may bo liquefied out by water cooling, and the 
cold produced by the evaporation of the liquid 
ammonia utilised. A scmi-technical Claude 
plant, dealing with 1 ton of gas per day, is in suc¬ 
cessful operation at Montereau, near K<tntaine- 
blpau; the British rights have lioen acquired 
by the'Cumberland (^oal Power and Chemicals 
(jo., who propose to erect a factory at Great 
Clifian, Cumberland, for the production of 
50,(XM) tons of ammonium chloride per annum. 
It is proposed to combine the synthetic ammonia 
process with the Schreib modification of the 
ammonia-soda proce.ss (D. R. V. 36093, 1885; 
see Sodium Carbon4Te) for the production of 
ammonium chloride, but ammonium sulphate 
vill also be manufactured (J. Soc. Chem. Ind. 
1921,40, 420R). 

Fixation of Nitrogen as Nitrides. 

Many elements such as lithium, calcium, 
magnesium, and boron absorb) nitrogen when 


heated, forming nitrides, c.g. LijN and CasN^, 
which are decomposed by water with evolution 
of ammonia : CajNj-f 6 H 2 O—3Ca(OH)j+2NHg 
{see Maxted, Ammonia and the Nitrides, 1921). 
Owing to the difficulty of reducing the 
hydroxides to metals the use of such substances 
as intermediaries in a continuous process for 
the fixation of atmospheric nitrogen has not 
found industrial application. A more promising 
reaction is the fiirmatinn of aluminium nitride, 
AIN, from nitrogen and a mixture of alumina 
and carbon at very high temperatures : p 

AKO., ^2A1N+300-2I3'2 kg. oak 

Aluminium itself begi ns to absorb nitrogen at TSO’’ 
(Fichtcr and Ocstcrheld, Zcitsch. Elektrochem. 
1915, 21, 50) Alurnimum nitride can bo decora- 
posetl by heating with water and a httlo alkali 
under pressure, with the production of alumina, 
which may .s^rve for the manufacture of metallic 
aluminuim : A1N+3JI._,0 —AfiOlIla+NHj. 

These reaclious wore a])j)liod in the Serijck 
pro(!rs.s (Kng. Pat. 13086, 1910, and numerou.s 
later ]iatents), wliieli was worked for a lime in 
the JSavoy, Imt later abandoned. The absorption 
was found to be greatly accelerated by the 
j)ro.sence of iron oxide, so that bauxite forms a 
suitable raw material. The mixture of bauxite* 
and coke was heated in a stream of producer gaa 
ill a revolving tube furnace 111 the walls of which 
wore embedded carbon rods carrying an electric 
current to heat the mass. A temperature of 
18(M)'(!. was nece.ssary and the refractories 
Huflored eonsiderably. 'Phe original claim was 
I kg. N fixed for 10 12 kw. hr., a very attractive 
figure. 'I’ho residue after decomposition could 
be used for the manufacture of aluminium. 

Ex])('nmen(.s were conducted by the Alu- 
ininmin {'o. of America, with the object of find¬ 
ing a suitable refractory. Serpek states that a 
mixture of hydrogen and nitrogen gives better 
results than producer gas in the revolving fur¬ 
nace. In the latest tyjie of furnace (Zeitsch. 
korayirimierte u. fliiss. Gaso, 1914,16,55) rotation 
is abandoned and a short chamber, 4 ra. high 
and 1 *5 m. wide, is used. The mixture of 
l)auxit.e and carbon is dropped through the 
nitrogen at a temperature not exceeding 1250°- 
1300°, and conversion takes place more rapidly 
thavi the 5 to 6 hours’ contact required in the 
revolving furnace. It is said that addition of 
hydrogen to'the gases is not essential; producer 
gas is used and pure carbon monoxide passes 
out of the furnace. Two tons of alumina are 
obtained and 500 kg. nitrogen fixed per h.p. 
year. IMie process does not ajipear to be used 
on ihe industrial scale. (See also Escher, Chem. 
Zeit. 1918, 42, 353, 361; Shoeld, U.S. Pat. 
1344153, 1920; Herman, D. R. P. 319046, 
1920.) 

Fixation of Nitrogen as Cyanides. 

Dawes, in 1835, found that cyanides are pro¬ 
duced in the blaR furnace, and the researches of 
Bunsen and Playfair (B. A. Rep. 1846) showed 
tliat these cyanides are formed hy the inter¬ 
action of atmospheric nitrogen with potassium 
and carbon compounds in the furnace. Lewis 
Thompson, in 1839, found that when nitrogen 
is passed over a mixture of potassium carbonate 
and. carbon at a high temperature, potassium 
cyanide is formed ; with sodium carbonate the 
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yield is very smaiJ. The process was used on a 
small scale at Grenelle (rossuz and Boissiere, 
Fr. Pat. 12205, 1842) and at Nowcastle-on- 
Tyne, but owing to the intense action of the 
materials on the furnaces the method w'as dis¬ 
continued. In 1860 Margueritte and de Sour- 
deval (Eng. Pats. 1027,1172, 1860; cf. D. R. PP. 
190955, 197394, 1906) found that barium hydr¬ 
oxide or carbonate gives better results than 
potassium compounds. Banum cyanide is 
formed which may be decomposed with steam 
At 300® with evolution of ammonia : 

Ba(CN)2+4H20 = Ba(()H)a+2NH3+2C0. 

The process was worked, with improvements, by 
Mond (U.S. Pat. 269309, 1882), but ultimately 
abandoned. Roadman used the same jirooess, 
with electrical heating, between 1899 and RM)7, 
at the works of the .Scottish ('yamdes ('o., and 
cx]>eriment 8 are at jiresent being owned out at 
Birmingham on the process. 

A new im])etus was given to the cyanide 
process by the ]>ublication by J. E. Bucher 
(J. Ind. Eng. (!hem. 1917, 9, 233) of the claim 
that nitrogim can bo economicaJly fixed as 
sodium cyanide by heating an intimate nu.\turo 
of equal weights of sodium carbonate*, finely 
ground charcoal, and metallic iron at 960® in a 
current of nitrogen : 

Na 3 (J() 34 - 4 C+N 2 - 2 Nn(^N I 138-5 kg.eol. 

Later experiments indicate tliat above a tern- 
jierature of 1080® the cyanide decoini)oses. 
The resulting product was said by Bucher to 
contain 29-30 p.c. of sodium cyanide, or 5 7- 
8*7 p.c. of nitrogen. It may be decomposed by 
heating in steam with formation of amnmma 
and sodium formate: 

NaCN+2H20-H-('(\Na+NH3 

All the essential feature.s of Bucher’s jirocess 
had been patented by Adler in 1881 (T>. H. V. 
12351), but the rights were allowed to lapse. 
The process was inv(;siigatod on a technical 
scale by the U.S. Government at Saltville, 
Va., and by the Air Reduction C-o. (J. Ind. 
Eng. Chem. 1919, 1010 ; Met. and ('hem. Eng. 
1920. 22, 313). The U.S. (iovernment plant 
at Saltville was ready for operation at the 
armistice. A mixture ('f sodium carbonate, 
carbon and powdered iron was externally heajed 
in iron tubes at 1000®U. Tho product was ex¬ 
tracted with ailliydrous liquid amniAiia, which 
dissolves only NaCN. T’he product contained 
92 p.c. NaC-N {f^ee Brown, J. Ind. Eng. (iJhem. 
1919, 1010; U.S. Pats. 1313313 and#1314236; 
Hara and Hayashi, J. Chem. Ind. Tokyo. 1919, 
22, 175; Clancy, U.S. Pat. 1329652; Met. a^iid 
Chem. Eng 1920, 92, ^56). G. W. Heiso and 
H. E. Foote (J. Ind. Eng. (^hem. 1920, 12, 3?l) 
describe the production of ammonia and formates 
from cyanides. Poor results were obtained by 
heating Bucher briqi^ttes in steam at 50 lb. pres¬ 
sure, hydrogen and mrrocyanides being formed. 
Under 300 lb. pressure, 92-5 p.c.*>f the ammonia 
was evolved; at 120-130 lb. pressure 68 p.c. of 
the ammonia was evolved, together with some 
hvdrogen. 0. F. Bierbauer and L. S. Finch (U.S. 
Pats. 1295262 and 1295293, 1918) dissolve the 
crude cyanide as rapidly as possible'by blowing 
the pulverised briquettes into a tank equipped 
with a water spray and agitator, filter rapidly 
and heat the solution with steam under 121 Tlb. 
pressure, the ammonia being allowed to §Bcape 


through a release valve set at 60 lb. pressure- 
If the briquettes could be steamed without dis¬ 
integration they could bo put back into the 
retorts three times unless tho formates and 
oxalates are to be recovered. Barium com¬ 
pounds might be preferable A) sodium, it is 
stated. With steam at atmospheric pressure a 
tem])erature of 600® is required for good results ; 
at 100 lb. pressure, 400® is sufficient. *111010 are 
no indications of side reactions, ammonia and 
formate being the only products. F. T. Metzger 
(U.S. Pat. 13J3312»and 1313313, 1919) extracts 
formates from the residue with aqueous ethyl 
or methyl aleohol^20-60 ]).c. alcoJioI). Cyanides 
nfav be extracted with aqueous acetone. Mount 
(U. 8 . I’nt. I32972I; Met. and Chem. Eng. 1920, 
22, 709) uses a eonlinuous j>roces 8 ; Thompson 
{ihid. 1922, 26, 124) states that a pure form of 
carbon is necossarj. * 

The production of liyclrocyanic acid by 
striking a carlxm aft; in a mixture of hydrogen 
and nitrogen was observed by Dewar in 1879 
(Chem. News, 39, 282). (9-iiskiowicz (Zeitsch. 
kl(-ktrochcm. 1903, 9, 83) obtained HCN from 
CO, 11 2 » and No m contact with the arc. Tho reac¬ 
tion was investigated by Smith and Hutton (Tr. 
Anier. I'3ectrocbem. Soo. 1908). The reaction 
N,-l-H.-)-2C^2HC,N begins at 1800® and 
mcreascs rapidly with ,Ieni])erature. Good 
results arc obtained with mixtures containing 
('(), and with proiiucer gas (.sec Diffenbach and 
Moldcnhauer, I). R. 1'. 228639 ; Consortium fiir 
Eloktrocliemischc Industrie, D. R. PP, 263692 
and 268277). Lipinskl (Zcitsch. Elektrochem. 
1911, 17, 761; Moscicki, ihid. 877) produces 
HCN from methane, hydrogen, and nitrogen in 
(he clectnc arc. In 1914 the process was in 
operation on a technical scale at Ncuhausen 
in Switzerland. 'I’ho conversion was said to bc^ 
quantitative : 2 ('ll 4 -f-N 2 - 2H(JN-l-3Hj, The 
best results wore obtained with a mixture con¬ 
taining 5-10 p.c. of methane, 13-24 p.c. of 
nitrogen, and ()6-81 p.c. of hydrogen. A yield 
of 30 g^m HCN per kw. hr. was claimed. The 
chief dimeulty was the deposition of graphiioidal 
carbon on the electrodes. Brmei* and Baerfuss 
(Helvet. chim. Acta, 191^), 2, 663) obtained the 
highest yields under low' pressure with excess 
of nitrogen. The maximum yield was 7*4 gram 
HCN and 0-5 gram NHj per^kw. hr. with 
CH 4 + 5 N 2 at 100 mm. pressure. P. A. Btarke 
(U.S. Pat. 1306862) reduced the temperature by 
passing the gas over a catalytic mass of iron, 
nickel, cobalt, and an alkaline earth oxide at 
800®-1000® without an arc. lipmski uses 
metallic vapours and Caf^j vapour in the arc 
for increasing the yield. 

The Cyanamide Process.—The syntHesis of 
hydrocyanic acid was effected in 1868 by 
Berthelot (Compt rend. 1868, 67, 1141), ^ho 
passed an electric mne through a mixture of 
acetylene and nitrogen: C«H 2 +N 2 = 2 HCN. 

! Berthelot expressed the opinion that cyanides 
could bo prepared by the action of nitrogen 
on carbides at high temperatures. Although 
cyanogen has been detected in the spectrum of 
a carbon arc in nitrogen, the gas could not be 
isolated on account of its instability (Warten- 
berg, Zeitsch. anorg. Chea. 1907, 62, 299). In 
1894 Moisson found that calcium carbide could 
be pr^ared by heating a mixture of lime and 
carbon in the elbct|ic furnace. In the pure 



676 


NITROGEN, ATMOSPHERIC, UTILISATION OP. 


state, according to Moissan (Compt. rend. 1894, 
118, 601) calcium carbide does not absorb 
nitrogen at 1200®C. F. Rothe, working yilh 
crude carbide, found that absorjjlion of nitrogen 
occurred readily at that temperature, but the 
product is not dilcium cyanide but a mixture 
of calcium cyanamide and graphite: %> 

. CaCg+Ng—CaCN2+^ 

This discovery was patented by Frank and 
Caro, who are usually given the credit for the 
cyanamide process {Zeitsch. a{jgew. Chera. 1906, 
19, 836; ibid. 1909, 22, 117H). If the mixture 
so obtained is fused with* sodium carbonate or 
chloride, sodium cyanide is formed : • 

CaON2-fC-f-Na2C'0,i-raCO,+2NaCN 

If barium carbide is used instead of calcium 
carbide, 30 p.o. of'the nitrogen is absorbed as 


I barium cyanide and the rest as barium cyanamid® 

I (Erlwein, Zeitsch, angew. Chem. 1903, 633). 

I Cyanides were made bt this process by the 
I Frankfurt Gold- und Silber-acheideanstalt, the 
, Deutsche Bank, and Siemens and Halske. On 
; heating calcium cyanamide with water in an 
I autoclave, or with superheated steam, ammonia 
is evolved: CaCN 2 -f- 3 H 20 =CaC 03 H- 2 NHa. 

I The Taw, dark-groy product obtained by the 
i ab8or[)tiori of nitrogen by calcium carbide is 
I knoun as ‘ nitrolim,’ or ‘ Kalkstickstoff.’ It 
i contains about 20 ji.c. of combined iiitrogeA 
; When tn^ated with water to remove unchanged 
' carbide, the })roduot is known as ‘ cyanamide,* 
I and is used as a fertiliser. 

The production of calcium cyanamide is 
’ shown in the following table, taken from the 
! Statistical Supjdement to the Report of the 
Nitrogen Products Committee, 1921. 


♦Metkio Tims op Calcium Cyanamide. 


Country 

191.3 

1914 

1915 

1910 

1917 

1918 

1919 

Germany 

48.500 

60,000 

73,700 

170,920 2 

183,100 = 

178,000 

_ 

Austria-Hungary . 

7.500 

(24,(MJ0) 

(24,000) 

(24,000) 

24,000 

24,000 

— 

France. 

7..500 

(7,.TOO) 

(80,000) 

(100,000) 

25,105 

100,000 

100,000 

— 

Ital V . 

14,982 

15,556 

25,202 

12.,3()0 

16,000 

— 

Norway 

‘ 22,110 

14,670 

2.5,000 

26,409 

182,387 

178,472 

— 

Sweden 

18,352 

18,000 

10,303 

18.000 

17,013 

21,628 

_ 

Switzerland . 

7,500 

(7,500) 

(12,600) 

(29,500) 

40,000 

40,000 

_ 

Canada ^ 

48,000 

(58,000) 

(58,000) 

(58,000) 

58,000 

68,000 

0,5,317 

United States 

— 

— 

— 

— 

— 

3,000 “ 

3,600’ 

Japan . 

7,000 

11,171 

30,278 

33,462 

50,802 

60,802 

— ; 

( Equivalent com- ] 

181,444 

222,397 

345,133 

485,396 

008,202 

_ 

668,802 

08,817 

1 bined nitrogen on 1 
j basis of nitrogen 
' content of 18 jj.c. , 

32,000 

40,0.31 

62,124 

87,371 

120,276 

120,384 

12,387 


Brackets indicate iirod^;'ti\e capacity rather than actual output. 


Pure calcium cyanamide is ohtained by 
heating dicyandiamide witli calojum oxide at 
900®-1000°C. in nitrogt^n gas (Kamcyama, J.*i 
Coll. Eng. Tokyo, 1920, 10,173). The formation 
of cyanamide has lieen studied by M. dc K. 
Thompson and R. H. Lombard (Met. and Chem. 
Eng. 1910, 617, 082), who found that the system 
comprised of CaCj, (’aCNg, C, and Nj is mono¬ 
variant, i.e. there is at every temjicrature a* 
fixed pressure of nitrogen in equilibrium, and 
this pressure is very approximately a linear 
function of the temperature between 1060'^ and 
1460®C.» Le Blanc and Eschmann (Zeitsch. Elek- 
trochem. 1911, 17, 20), on the other hand, find 
that^.he pressure depends on the nitrogen con¬ 
tent of the solid phase as^w;eU as on the tem¬ 
perature, which indicates that solid solutions 
are formed. Other things being constant, the 
rate of absorption is proportional to the pressure 
(Brodig, Fraenkel, and Wilke, Zeitsch. Elcktro- 
chem. 1907,13,69,605). The action of fluxes, 
calcium fluoride, in the formation of cyanamide 
has been studied by the last-named authors, by 
Foerstcr and Jacoliy (tfirf. 1907, 13, 101 ; 1909, 


I 15, 820), and by Polzenius (D. R. P. 163320). 

' Oalcium chloride lowers the temperature ■ of 
I absorption of nitrogen from 1100®C. to about 
1 800®r., oalcium fluoride to 900®C. The action 
I of 4be fluxes is supposed to be the removal of a 
! protecting idm from the surface of the carbide, 
j The heal of reaction per mol. of carbide, 
i CaCj-j-Nj—CaCN^+C (graphite), has been cal- 
eulateu byMatignon (Ann. Chim. 1908, 14,61) 
as4376kg. cal., and by Dolch (Zeitsch. Elektro- 
ch^m. 1920, 26, 455) as 587 kg. cal. By 
measurement of the hei^t of combustion of pure 
calrium cyanamide. N. Kameyama (J. CoU. 
I Eng. Tokyo, 1920, 10, 173, 249) finds the heat 
I of reaction to be 74'99 kg. cal., or 278 kg. cal. 
! per gram of liitrogen fixed. The heat of forma- 
I tion of calcium cyanamide from its elements he 
calculates as 94’82 kg. cal. (amorphous carboi^. 
The heat evolvetl in the formation of ammonm 
from cyanamide he gives as; , 

CaCNj-fSH^O (liquid) 

=CaC08(caIcite)+2Nir3(gas)+14-13 kg. cal. 
This gives 415 C.H.U. evolved per ib. of 


^ Works owned by American Cyanamide Co. 

* Iftohftbly does not include cyanamide used as a tource of ammonia for monition purposes. 
’ Production commencid just prior to the armistice. 






577 


NITROGEN, ATMOSPHERIC, UTILISATION OF. 


ammonia; Landis estimates this at 200-300 
C.H.U. in the autoclaves. 

The processes in use for the absorption of 
nitrogen by calcium carbide may be divided into 
three groups: (1) those in which externally- 
fired retorts are used, and the process worked 
^continuously; (2) those in which the carbide 
is heated by electricity passed through a carbon 
rod in the mass of carbide, the process being 
trorkod discontinuously; (3) those in which the 
wbide is passed continuously through an 
Metric furnace in a current of nitrogen. 

The overall power requirement for cyanamide 
production, including carbide, is 2*3 kw. yr. 
(of 8500 hr.) per metric ton N fixed; or, as 
0*6 kw. yr. is required per ton of carbide, and 
4^ton8 of carbide are required to fix 1 ton of 
nitrogen as cyanamide, the power required for 
conversion of carbide to cyanamide alone is 
0*3 kw. yr. per metric ton N fixed. 

Calcium cyanamide was first made in 1906 on 
a technical scale at Piano d'Orto, in Italy {Zeitsch. 
Elektrochem. 1900, 12, 551). The manufacture 
of cyanamide at Odda, Norway, was begun 
by the erection in 1908 by the Alby Carbide 
Factories, Ltd., of a carbide factory for a yearly 
output of 32,000 tons of carbide, together with 
the erection of an adjacent factory by the North 
Western Cyanamide Co. for the production of 
12,000 tons of calcium cyanamide per annum. I 
Later, a cyanamide works was erected at Odda 
for the production of 10,000 tons per annum. 
The name of the Alby Carbide (Jo. was then 
changed to the Nitrogen Products and Carbide 
Co. (Zeit. fiir komprimiert. und fliissigo Gase, 
1910,18,108). The production at Odda is given 
as follows:— 

Carbide made Carbide used for 
per annum cyanamide per annum in 
in tons ' tons 

1908-1912 . 32,000 10,000 (15,000 kw. power 
used) 

1912 . . 86,000 57,000 (37,000 kw. used; 

4w)0 for motors) 

The carbide factory uses yearly 160,000 tone of 
Norwegian limestone, 60,000 tons of English 
anthracite, and 16,000 tons of English gas-coke. 
The nitrogen is obtained from a Linde apiiaratys 
in 7 unitt, producing 2830 cu, m. of nitrogen ner 
hour (eaoh unit 100,000 cubic feet per hour), 
and dealing with 100 tons of liquid tKr per day. 
In the cyanamide furnace house there are about 
600 furnaces, composed of cylindrical * steel 
rings lined with refractory brick awl lagged 
outside. Each furnace takes 460 kgm. of car¬ 
bide in an inner retort. A carbon ro^ pasges 
down the centre of the carbide and each 
furnace has a separate nitrogen gas connectiAi. 
The furnace is closed at the top, heated to 
1100®-12(X)®, and nitrogen passed m. ymtering 
occurs and the charge shrinks froiif the retort. 
The nitrogen penetrates to the centre of the 
cl^rge through cracks in the^mass, and the 
charge is converted from the outside to the 
centre in about 30 hours. The retorts are then 
taken out of the furnaces and sent to a cooling 
room in which are two large fans. The cyanamide 
is tipped out and crushed. The crushed material 
is sent to a silo of 7000 tons or to the hydrating 
and oiling plant. In this it is mixed with water 
meohanicaUy land the mass, which beocAies 
heated, is passed through a rotating tube for 

voL. IV.—r. 


cooling. The dry powder is then mixed in mills 
with oil and packed in bags. 

A4)out 1‘7 tons of limestone and 0‘2-0*3 ton 
of ordinary coal are required to produce enough 
lime for a ton of carbide. Aljout 0*62 ton of 
anthracite are required, with the lime, for this 
purpose. The consumption of electrodes 
amounts to about 0'026 ton per ton of carbide. 
The reaction CaO-f 3C=CaC.H-CO is endother¬ 
mic, requiring in practice aSout 0'6 kw. year 
per ton of carbide. A capacity of 20,000 tons of 
carbide per annum^is regarded as the minimum 
economic capacity of^ single carbide furnace. 
Tiio nitrogen frftm the Linde apparatus at 
Odda contains less than 0*4 p.c. OToxygen. In 
the new Alby w'orks a Claude apparatus is 
installed, the nitrogen from which is said to 
contain less than 0'2 p o. of o:^ygcri. The energy 
consumption is about 0'4 kw. hr. percu. m. Nj 
111 the Undo, and somewhat less in the Claude 
plant. The Alby Carbide Factories, Ltd., was 
in liquidation in 1922. 

In part of the Niagara works the nitrogen is 
produced by passing air over red-hot copper, 
the oxide formed being reduced by coal gas 
rich in hydrogen from the coking plant used in 
connection with the carbide furnaces. The new 
plant at Niagara uses liquid air. The presence 
of oxygen, moi.sture, carboji dioxide, and carbon 
monoxide m the nitrogen is deleterious, on 
account of the following side reactions in the 
preparation of cyanamide; 

(1) CaC24-2H20-Ca(0H)2+C2Hg 

(2) OaC2+CO=CaO+3C 

(3) 2CaC2+(;02=2(’a0+5C 

(4) CaCg+SOg^^CaCOg+CO. 

Tlio Muscle Shoals Nitrate Plant (A. M. Fairlie, 
Met. and Chein. Eng. 1919, 20, 8; C. Jones,^ 
ibtd. 1920, 22, 182) is the largest cyanamide 
factory in the world. Cyanamide had been made 
; since 1909 at Niagara (Landis, J. Ind. Eng. Chem. 

! 1910, 8, 156), and at the outbreak of war this 
plant a capacity of 64,000 tons per annum. 
Late in 1917 the American Cyanamid Co. 
formed a subsidiary company, the Air Nitrates 
Corporation, to erect the U.S. Nitrate Plant 
No. 2 at Muscle Shoals, Alabama, for a capacity 
of 110,000 tons of ammonium nitrate per annum. 
Plants 3 and 4 at Toledo and«^Jincinnati, re¬ 
spectively, were completed as buildings only at 
the time of the armistice. 

In the construction of Plant 2 at Muscle 
Shoals, which is said to have cost £12,000,000, 
20,000 men were employed on a site of 2200 
acres, a town of 12,000 people coming into 
being. When operating at full capaciW the 
plant employs 3000-4000 men. Muscle^^hoals 
is on the Tennessee River, between Sheffield and 
Florence. The parts of the plant comprise: 
(1) the Power PIanif;«(2) the Carbide Materials 
department; (3) the Carbide Furnaces depart¬ 
ment ; (4) the Carbide Mill department; (6) the 
Nitrogen department; (6) the Cyanamide de¬ 
partment; (7) the Cyanamide Mills; (8) the 
Ammonia Gas department; (0) the Nitric Acid 
department; (10) the Ammonium Nitrate de¬ 
partment. All these are laid out in order from 
north to south, except theinitrogen plant, which 
is placed far to the east to avoid contamination 
of the«air used with gases from the other parte 
of the plant. 

* 2 p 
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The power plant will ultimately be hydro¬ 
electric (Chem. and Met. Eng. 11)20, 22, 417). 
The present scheme of 90,000 kw. ia partly 
generated by a steam power plant of 00,000 kw. 
at the works, ajid partly supplied (JIO.OOO kw.) 
by the Alabama Power <'o. from a a^eam plant 
at the Government-owned extension of the 
Warrior River power plant on the Alabama coal¬ 
fields at Gorgas and transmitted 88 miles. At 
Muscle Shoals Westinghouse turbines and 
generators, OO-cycle, ll-pliase, 12,200 volts are 
used, the power being transmitted throngJi a 
brick and concrete bus t’lnnel 8 feet high, and 
3600 feet long. The ereetibn of a tlani it 
Warrior Jtivol for hydro-eleelrie power is n<iw 
proceeding, and comjiletion is exj>eeted iii 1022 
at a cost of over £4,(KK),000. The works itself 
cost £20,000,000. 

The Carbide Section. liuncsione crushed i.o 
J-2 mclies from (Jovernment quarries 20 miles 
distant is disoliarged from c.ars at the north end 
of the limestone lain building by dunqung from 
drop-bottom ears or with a crane. Jt is eained 
by a conveyor belt to a bucket eh'vator, lioisted 
to the upp(T floor and distnimteil by a eonveyor j 
belt among 7 concrete silos each of tiOOO eulne I 
feet capacity. A typical analysis is: S^iO..,0'40; i 
AIjDj and Fe ,()j, (Vou ; Cat08-23 ; MgCO,, | 
0 07 ; moisture and loss at 175'C., 0-07. I'hc 1 
stone ig fed to the kilns by a (u-adle-feeding 1 
* device. There arc 7 rotary kilns, 8 feet diameter ' 
and 125 feet htng, nearly horizontal (5 feet in 
125 foot) steel sliells lined with fireDnck and 
rotated at | r.p.m. by bevid gears, 'i'he stone is 
fed into the upjier end and tired at the lowei 
Gild by powdered coal and air blast. 'I'he tem¬ 
perature reaches 760^-1000 (J. ami llie process 
is continuous, 3 to 4 hours being required. 'I’he 
i. capacity of each kiln is 200 tons raw stone x>er 
day. '^h<^ quicklime is discharged into 7 hori¬ 
zontal cooling kilns, 5 feet diameter and 50 feet 
long, turning 3 r.p.m. The cooled lime is then : 
sent to the raw materials building. ^ 

The coal-mill building, situated al mgsidc, | 
comprises a bm, crusher, silo, and drier. Tlie' 
dried coal is fed to 4 Fuller pulverising mills, 
and is elevated to steel silos opposite each lime¬ 
kiln, from which it is fed by the air blasts. 

In the coke drier building the coke is crushed, 
screened, and idried m coal-fired rotary driers. 
It is then conveyed to 8 silos in the raw materials 
building for use in the carbide furnaces. In 
this building the coke and quickhnie are weighed 
by two iSchaflcr poidometers beneath the two 
bins, operating continuously and sot to weigh 
out exactly the right ann*aiits of coke and liino, 
which ^are then delivered to a conveyor hell and 
transferred to the carbide room. The mixed 
charge is distributed to 24 steel silos in the 
furhace house. 

There are 12 rectangul&r carbide furnaces, 

2 spare, each 12 feet by 22 feet by 6 feet imsido, 
composed of steel boxes open at the top and 
lined with firebrick. The <dectrodes are 


electrodes are suspended over the top of the 
furnace. The depth of immersion is controlled 
automatically at the switchboard. The bus bars 
are five-sixteenth inch thick and 8 inches wide, 
and there are J6 bars to ea(di electrode. The 
voltage for the carbide furnaces is 130, steppe 
down from 12,000 by transformers. , There is 
! one bank of transformers per furnace, each of 
i 8325 kw. The current m 20,0(K) amp., the nonna,^ 
j capacity of a furnace 48 tons of carbide per day 
I of 24 hours. 'Plie temiicrature is 3000°(!^., 

1 jiower consum[»lion 124 kw. days per ton of 
I SO ]).c. e;irl)Kl<‘, tlie electrode consumption 50 lbs. 

I per ton of cnrhide. (Jarbon monoxide burns 
I at tin- top of the furiuicos. At the bottom of 
j tlie furnace is one layer of graphite electrodes 
i 1(» mclies scpiau' and 4S inches long, snd a lay^r 
j of tar and gravel on the to]). In starting a layer 
I of coke IS ti Town in, thmi a charge of 1(K) jiarts 
! of lime to parts of coke, iin'viousiy 

mixed as described. 'I’liis is shovelled from the 
floor until the furniKie is full. 1’hc lirst tap of 
carbnle is mad(! 6 lioiirs from starting and then 
the furnace is tapped every 45 minutc^s, the 
eliarge being reneweil the whole (ime. The 
furnace is tapped by burning out the tapjiing 
hole with a portable electrode, ami the molten 
(iarbide flows into chill ears of i-i<m capacity. 
After taiipmg. tlie liole is glojijicd by throwing 
a few shovelfuls of ])ow<lere(l carbide at the 
outlet, when the outflowing mass .soon solidifies, 
j Tlie (‘lull cars are liaiiled by clectno locomotives 
i to tiie eai lude cooling house, 
j III the eaibide mills, the eaTiude pigs are 
; ]>icki‘d oil' the cars by maii'-.s and set asidi^. 
j (^ousiderable slinukage oceuis and the blocks 
I when sullieiently cool are dumjied on to the 
j crusher jilatform. 'I’lie ave.rago composition is : 
j OaC., . 82*30 ]i.e. ' (ia^^a . . ()'07 p.c. 

I C " . 1-20 „ 1 CiiS . . 0-J3 „ 

Ca(.) . 14-72 „ 1 FeSi . . 0-72 „ 

G‘a.Si . 0-06 ,, _ t Undetermined 0*80 „ 

There are three crushers reducing to inch, 
and three mills (I sxiare) grinding to pass 80 p.c. 
through 40-meBh screen and the rest through 
10-me.sh screen. 'I’here arc then three tube mills 
jiulvcnsing, so that 85 p.c. will pass through 
2lK)-mosh screen. lOach unit deals with 15 tons 
per hour. All these operations are done in an 
atmosjihe.r'.. of nitrogen to prevent explosions. 
The nulled carbide is conveyed to 8 silos in the 
cyanrfmde building. 

The Kitrogen Plant. The intakes arc two 
36-mch ]>ipes extending north and south from 
tliR building. The air is drawn in by Hoot 
cycloidal blow-ors and sfent through 16 scrubbing 
j towers, 8 feet diameter and 30 feet high, packed 
^ with 6-inch spiral rings and fed with 17®B^. 
caustic sod^ to remove carbon dioxide. 

'i’he nitrogen plant is of the (3aude system. 
There arc 16 compressor units furnishing air at 
600 lbs, pressuiiii to 30 nitrogen columns. The 
compres-siou is done in three stages, 30 lbs., 


assembled in a separate room and are 16 inches | 140 lbs., and 600 lbs. iSix columns are spare, 
square and 6 feet 5 inches long. A copper head j The columns are oval in shape, 4J feet diameter 
is bolted on one end, three electrodes are fastened j and 24 feet high. The Tectifior consists of a 
together as a unit, covered witli wire netting and I series of Superposed honzf<ntal trays each 
pasted with asbestostand retort cement, after-' 1^ inch deep with a layer of liquid resting on it. 
wards baked in an electric furnace. Each i 'I'he compressed air expands from 600 lbs to 
assembled electrode weighs 7000 lbs. Th* heads! 60 lbs., operating a small engine giving 4 to 
are water-cooled. Throe^ cofcplete assembled I 6 h.p. to waste, and enters the rectifier below the 
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critical temperature. A small part of the air 
at 600 lbs. is admitted and the pressure liquefies 
the air. The liquid, containing 46-60 p.c. of 
oxygen, goes to the bottom of the column, and 
after spraying with liquid nitrogen the gas 
escaping at the top is 99*9 p.c. nitrogen. This 
gas is passed through two heat exchangers to a 
30-inch main to the cyanamide building. It 
j^capes from the rectifier under a pressure of 
10 inches of water and goes to the building at 

f inches. Each column produces 500 cu m. 

nitrogen per hour. (The largest Lindo 
machine produces 1000 cu. m.) 'J’he oxygen 
is allowed to escape to waste (.sre p. 598). 

The Cynamide Furnace Department. I’here 
are 16 rows of furnaces, 9() m each row, or 
1630 in all. Of these 1500 arc in o])cration. 
These rows are in two sots, one on each side of 
a central gangway in the budding. In this 
gangway the paper linens are made. The fur¬ 
naces are 4 feet 4 inches outsule diameter and i 
2 feet 10 inches inside diameter, and 5 feet j 
4 inches deep. 'J’hey are steel shells with j 
9-inoh firebrick lining. To charge a furnaiie a i 
cylindrical paper tube container 2 foot inches I 
diameter with a vertical jiapcr tube 3 inches 
diameter in the centre is inserted into the eolrl 
furnace and a charge of 1600 lbs. of milled 
carbide put in. There is an annular spuec of 
2 inches between the paper and furnace wnll. 
The carbon electrode is a §-inch pencil, 6 feet 
6 inches long, inserted in the paper tube. The 
covers are put on and the outer cover luted 
with sand. 

The nitrogen is brought in by an 8-ineh 
pipe between each pair of furnaces and two 
11 -inch pipes carry off to the furnace, one to 
the bottom at the centre and the otluT at the 
side 6 inches above the bottom, each provided 
with a valve. The nitroge-n reaches the furnace 
under a pressure of 3 -4 inches of water. 

8 inglo phase current of 100 volts and 200- 
250 amps, is turned on through the carbon rod 
for 20 minutes, and is then cut down to 50 volts 
and 100-1 15 ainjis. for 12 hours. 'I’lu' naiction 
gives out hent and is allowed to continue w'ltliout 
current for 28 hours altogether. 'J'he tem¬ 
perature in the furnace is about 1100"C.; the 
material does not melt but sinters into a sijJId 
cake. The product contains about 63 p.c. 
CaCN.., 2 p.c. Cat 'g, 13 p.c. CaO, ancf 1 i p.c. C. 
The finished material is conveyed to a mill 
which is an exact dupliCHtc of the carbid»mil). 
It is pulverised so that 95 p.c. jiasses KM) mesh, 
all in an atnioajdiere of nitrogen. The milled 
material i8*fed at a controlled rate to the hydi-«t- i 
ing troughs, of which tnere are three, 36 f(^ot | 
long and 3 feet diameter, each containing’a 
horizontal shaft with projecting arms 20 inches | 
long. Water is sprayed in at the ft^d end at a [ 
calculated rate to Recompose the unchanged ^ 
carbide. The material at the exit must be per¬ 
fectly dry. The agitator rotates at 50 r.p.m. 
and conveys the material at the rate of 50 feet 
per minute. The cyanamide is convoyed through 
an overhead tunnel to the ammonia autoclave 
building 300 feet aw’ay^ 

This contains 68 autoclaves in T units, one 
spare, rated at 100 tons per unit per day. They 
are of steel and cylindrical, 8 feet diameter and 
20 feet high, •each provided with a vertical 
agitator revolving 12 times per minutq. A 


2 p.c. solution of caustic soda is run in to t£ depth 
of 9 feet and 300 lbs. of soda ash added, which 
reacts with the 13 p.c. of free hmc in the 
cyanamide to form caustic soda of about 3 p.c. 
strength. The charge of 8000 lbs. of cyanamide 
is added ^om weigh bins. The acetylene from 
the 2 p.c. still undecomposed carbide is allowed 
to escape through one valve through an exhaust 
fan. The outlet jiipe is then tightly closed and 
steam from sjiecial boilers admitted at 160 lbs, 
for 20 minutes, i^mmonia forms, the reaction 
j being exojbhermic. When the pressure reaches 
■ 250 lbs. the ammonia salvo i.s opened cautiously, 

' bnt the pressure fs maintained for 3 hours. The 
pressure then falls and the ammonia is allowed 
to escape. The valve is shut again and steam 
' admitted a second time for 20 minutes. The 
: reaction proceeds at 200-11^ pressure for 1| 

I hours. The escaping gas contains 25 p.c, 
ammonia and 75 p r. steam. It pa-ssos through 
a header and 7 mud drums followed by 7 
ammonia column stills, each 10 feet diameter 
and 25 feet high, containing 16 horizontal 
plates. The gas enters at the bottom and 
bubliles through cajis over 4-incn holes in the 
plates, passing to 14 condensers arranged in 
7 sets of 2 m senes, containing vertical tubes 
through which water circulates, where steam is 
condcnsi'd. The ammonia gas passes through 
a 28-mch pipe, ta])ped by two 20-mch mains, 
one conveying 55 p.e. of the ammonia to two 
60,000 cubic feet gasholders for the ammonia 
oxidation jilant, and the other 46 p.c. to the 
neutralisation plant for ammonium nitrate. 
The capacity id the plant is 1000 tons of am¬ 
monia gas per week. 

The autoclave sludge is blown out through 
an 8-iuch outlet at the bottom by means of 
steam or air and falls by gravity to 20 rotary* 
filU'rs, 5 spare, operating under 20-inch mercury 
suction, W’Ik'ic the 2 p.c. caustic soda solution 
is drawn off and returned to the autoclaves. 

The ah.sorption of nitrogen by carbide is 
I reversi We at 1360”; the best temperature for 
I thi' reaction is I0(i0"-1100”, On account of the 
: reversibility of the reaction at very high tem- 
' peraturcs the molt'on ra#bide from the carbide 
I tiirriaccB cannot be used directly, but must first 
bo cooled and pow’dored. 

; I*olzenius (0. R. P. 163320,1101) found that 
I the addition of calcium chloride to the carbide 
lowered the tenqierature at which nitrogen is 
i^bsorbed to 700°-800'’, so that the reaction 
could be carried out in retorts externally heated 
by fuel. This process was adopted by the 
A. G. fiir iStickstoffdungcr at Wosteregeln and 
at Knapsack, near Cologne. The latte^works 
has a capacity of 11,000 tons of cyanamide per 
month. There are 10 carbide furnaces of the 
usual open rectangular type (see above), chafed 
by hand with a mixt6r« of 100 parts of quicklime 
and 66 of anthracite*. The main portion of the 
carbide is reduced to nut-size and is then mixed 
with 10 per cent, of calcium chloride in tube 
mills, containing steel rods. 

The mixture is fed to the cyanamide cans, 
which are rectangular, 18 inches by 12 inches by 
9 inches, of thin sheet iron with a perforated 
bottom which can be r^oved in emptying. 
The bottom and sides are lined with paper before 
filling, *and a piei^ of cardboard is laid on top 
of the charge. Fiitec^ cans are loaded on a car. 
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which runs on a track the whole length of the 
furnaces. 

There are 16 furnaces, about 120 feet‘'long 
and 0 feet diameter, of 2-inch iron plates, set 
in firebrick and boated by lignite gas. Nitrogen, 
from a Linde apparatus of 1800 cu. m. per 
hour capacity, is fed in at the cooler end of 
the fume6ces, and the carbide trucks run in at 
the opposite end. Every 8 hours 3 cars are 
pushed into the furnace by an electric ram. At 
the end of 24 hours, 3 ca^, or 45 cans, of 
cyanamide have reached the nitrogen end of 
the furnace, arc pushccU out, and allow(‘d to 
cool. The product is then grhuud in the sanne 
manner as the carbide. It contains 16-22 p.c. 
N and 0*75 p.c. CaC^ (c/. Allmand and Wiiliani.s, 
J. Soc. Chcin. Ind 1019, 38, 304 H). A similar 
process is in use ,’n the Rumanian factory at 
Soraw (Chim ct Ind., 1922). 

A continuous method, was described by 
Tofani (D. R. P. 246077, 19JO), but the most 
successful method appears to lie that of Carlsop, 
used by tlic Ljunga Vcvk, iStockholma Sujicr- 
fosfat Fabriks Aktiobolag, Stockholm (Eng. l*at. 
123790, 1919). In this process, shaft-furnaces 
with shelves arc used, and the mixture of carbide, 
with an indifferent substance such as lime, and 
calcium chlorido or fluoride, is moved from 
shelf to shelf down the furnace. There are 8- 
10 shelves per furnace, with automatic rakes for 
moving the carbide. The absorption of nitrogen 
is 80 p.c. In the Tofani furnace the ])owder 
dropped directly down the furnace, and the 
contact with the gas was much less complete. 
The product obtained in the Cailson furnace is 
in the form of coke-like lumps a few inches in 
diameter, instead of a hard solid cake, as in 
previous processes. It is taken out by opening 
« a hole at the bottom, constructed as a double 
lock. Tlie heating is effected by an electric arc 
in each furnace, the consumption of electrodes 
being 3-5 kg. per metric ton of cyanamide. 
The output of each furnace is 20-25 tons 
cyanamide per 24 hours. About 15 i\w. hr., 
measured at the furnace, are used per kg. 
nitrogen fixed in tlie form of cyanamide, as 
compared with 20 krv. hr. in discontinuous 
processes, and the product contains about 
20 p.c. of combined nitrogen. The advantages 
claimed for tbv process are: reduction in car¬ 
bide consumption to 720-730 kg. carbide of 
300 litres per ton cyanamide; a saving of 10 p.c. 
on erection costs; a product richer in combine^ 
nitrogen; and lower working costs consequent 
on the use of a continuous process. Although 
the method is at present used only in the Stock¬ 
holm rorks, which produce 20,000 tons oyana- 
mide annually, it is regarded as very promising, 
an(| may be considerably extended. 

Uses of Nltrollm. Crude calcium cyanamide 
is known as nitrolim, and,' after treatment, is 
largely used os a fertiliser. Under British con¬ 
ditions (J. Soc. Chem. Ind. 1917, 266; 1918, 
146 R) it appears that the fertilising value of 
nitrolim nitrogen is about 94 p.c. that of am¬ 
monia nitrogen. Experiments made in Egypt 
show that nitrolim does not undergo sufficiently 
rapid nitrification in the soil to satikfy the needs 
of some of the rapidfy growing crops; calcium 
nitrate is then preferable (see also Franke, 
Cyanamid, Easton, Pa., J913h ♦ 

The mode of decomposition of nitrolim in the 


soil is not simple {act Cowie, J. Agric. Sol 1919, 
113; Maz6, Vila, and Lemoigne, Compt. rend. 
1919, 169, 804, 921 ; Hall, Fertilisers and 
Manures, 1919). On exposure to moist air, 
small quantities of ammonia are liberated: 

CaCNa-f3Hj0=CaC05+2NH3 
but free cyanamide is also formed : 

CaCNa+COj+HjO-CaCOj+CN-NHt. 

The latter substance may then combine with 
water to form ujea: CN'NHj-f H20=CO{NHj)j|. 
Urea is converted by fermentation into am¬ 
monium carbonate: 

C0{NH2)2-t-2H20={NH4)2C03. 

The latter is readily oxidised to nitrates in the 
soil. Other substances may be formed, such as 
: basic calcium cyanamide, and dicyandiamide 
; (CN’NH 2)2 ; the latter compound has been said 
I to be prejudicial to crop growth {see Pranko, f.c.). 
*ln order to minimise the corrosive and dusty 
character of nitrolim, the free lime is hydrated 
by water and the dry hydrated material is then 
treated with mineral or tar oil. In this way its 
nitrogen content is reduced to about 16 p.c. 
Numerous colloidal and other materials have 
also been proposed for the treatment of nitrolim, 
but hydration and oiling appear to bo satis¬ 
factory. . In this process there is an increase in 
weight of aluiut 10 p.c. of the cyanamide (tfee 
Worden, 'J'echnology of Cellulose Esters, Vol. 1., 
li, 929). 

Cyanides from Nitrolim. When crude rutro- 
lira is fused '^ith common salt, or with sodium 
carbonate, 90-95 p.c. of the nitrogen is converted 
into sodium cyanide: 

0aCNj'|'C'f2NaCI=CaCla-f 2NaCN 
CaCN,-f-C-t-Na„C08=CaC03-|-2NaCN 

'I’he product, when salt is used, contains about 
30 p.c. of NaCN, and can be used directly for 
the extraction of gold. Pure NaCN is prepared 
from it by liberating HCN by dilute acid and 
absorbing the gas in caustic soda. Metallic 
sodium lias also been used in the preparation 
of cyanides, but no details of any process have 
t^een disclosed. The chief objection to all pro¬ 
cesses involving aqueous extraction of cyanides 
from melts, and subsequent evaporation, w the 
loss whiclf occurs during the latter process, and 
the inferior product obtained as compared with 
j that firoduced by the fusion process. 

I Landis (Chem. and Met. Eng. 1920, 22, 266) 
I prepares cyanides by fusing crude cyanamide 
j {OaCNj-f C) in an electric furnace, either alone 
! or mixed with commdn salt. A plant was in¬ 
stiled at Niagara late in 1916 consisting of 
'7 furnaces. The addition of a little carbide 
prevents foaming on adding cyanamide to the 
fused common salt. Contrary to previous 
j specifications, the temperature should be as 
high as possibly. In the latest tjqie of furnace, 
single-phase current is used, with a conducting 
I hearth and one suspended electrode. The pro- 
' duction is 30 tons per day of a product containing 
the equivalent of 36*6 p.c. NaCN. The reaction 
is CaCN 2 +C«Ca(CN) 2 , and a mixture of 2 parts 
of cyanamide with rather less than I part of 
common salt is used. The product is a mix- 
I tui% of calcium cyanide, sodiun^ chloride, free 
i lime,, with less than 1 p.c. calcium carbide, 
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oja&amide, aad asli impurities. The use of 
oyanamide without salt has been made the 
subject of experiments. 

Anhydrous hydrocyanic acid is made in 2 
factories in California and is sent out in the 
liquid state for fumigating purposes, especially 
in destroying spiders in the orange groves of 
Florida. 

Other Products from Nitrolim. Uicyanodi- 
amide (Zeitach. angow. Chem. 1903, 620) is 
prepared by the action of cold water on calcium 
oyanamide: 

* 2Ca0N2+4H2O=2Ca(OH)2+(CN*NH2)a. 

It is used in the manufacture of dyes, and in 
reducing the temperature of explosion when 
mixed with explosives such as cordite, which 
alono rapidly destroy the rifling of guns. The 
American Cyanamid Co. prepare# a fertiliser 
known as ‘Araophos,’ consisting chiefly of 
ammonium phosphate, from oyanamide am¬ 
monia. Nitrolim may also bo mixed with basic 
slag, superphosphate, and potash salts for 
fertilising purposes. 

When calcium oyanamide is treated with 
' acids or alkalies, dioyauodiamidine, 

NH: 

is formed, from which urea and guanidine may 
bo obtained. Guamdine is prepared by heating 
with acids in an autoclave. (Tuamdinc nitrate 
and nitroguanidinc arc used as deterrents (we 
dicyanodiamine) in explosives. Urea may be 
obtained directly from calcium cyanamide by 
heating with 10-2U p.c. sulphuric acid at 
20°-25°,and is proposed as an cilective fertiliser. 
Veronal and creatiu are also produced from 
oyanamide, and lead and eopjier cyanamides 
are said to bo of loohnical importance (*ee 
Carlson, Zcitsch. angew. Chem. 1914, 27, iii, 
724; Pranke, Cyanamid, Easton, Pa. 1913). i 
‘Ferrodur’ is a material oontaining calcium 
cyanamide used in case hardening. 

For analysis of cyanamide, sec Brioux, Ann. 
Chim. anal. 1910,15, 341; Caro, Zeitsch. angew. 
Chem. 1910,23, 2405; Perotti, Gazz. ohim. ital. 
1JM}5, 35, ii, 228; Kappen, Chem. Zoit. 1911, 35, 
950; Monnier, ibid. 001; Stutzer, tbtd. 094 ; Gruoe 
and Kruger, Zeitach. angew. Chem. 1914, *27, 
326; Morell and Burgen, J. C. S. 1914,105, 570 ; 
Stutzer and 8611, Zeitsch. angew. Chem. 1910, 
23, 1873 ; Kirchoff, Chem. Zeit. 1912, 30,^058 ; 
Weston and Ellis, 7th Int. Cong^pss Rep., 
Sect. 1., p. 69; N. Kameyama, J. Coll. Eng. 
Tokyo, 1920, 10, 173. # 

The Arc Process. The pioneering work on 
which the modern industrial method of nitrogen 
fixation by the union of oxygen and nitrogen 
in the electric arc is based was earned out 
almost entirely by Jinglish scientilts. Caven¬ 
dish in 1784 observed the formation of nitric 
acid when electric sparks wer% passed through 
air over water and when oxygon containing 
nitrogen is exploded with hydrogen. No acid 
is formed in the explosion of hydrogen and air, 
since the flame temperature is then not high 
enough to bring about the umon of* oxygen and 
nitrogen, the reaction being endothermic. The 
really classical research, on which all modem 
processes are# based, is that of Lord Rayfsigh 
n 1897 (J. C. S. 1897, 71, 181). In his memor- 
i 


able experiment, which resulted in the separation 
of argon from atmospheric nitrogen. Lord 
Rayleigh used a glass globe of 50 litres capacity, 
containing a mixture of 9 vola. of air and 11 vols. 
of oxygen, in which an oiectric flame was burn¬ 
ing. The resulting oxides of nitrogen were 
absorbed %y allowing a fountain of caustic soda 
solution to play over the inside of globe. 
This also served to keep the vessel cool. An 
absorption of 21 litres of gas per hour was 
obtained with ()'8 kw., which gives a production 
of 40 grm. of nitftc acid per kw. hr. In the 
most efficient modcrq arc furnaces the yield 
i% 62 grm. HNO^ per kw. hr. Lord Rayleigh 
was the first to point the way to the possibility 
of utihsing the nitrogen of the atmosphere in 
an economical manner. 

Attempts were made to lyipiy the results of 
^ Rayleigh to the industrial fixation of nitrogen. 

I The first was that of Bradley and Lovejoy at 
! Niagara, in 1002, although small scale experi- 
incuts were earned out in Manchester in 1900 
by Macdougall and Howies (see Thompson, 
Applied Electrochemistry, 1911, p. 276). None 
of the earlier atlomphs was successful, and the 
first real sfiq) in the direction of a techimiai 
jirocesa was made by Birkeland of Christiania 
in ccuijunotion wth Eydo, the engineer. The 
results of their work was^tho establishment in 
i 1903, by the Scandinavian French Company, 

I of a factory at Notodden, m Nonvay, known 
1 as the Norsk Hydroclektnsk Kvaelstofaktiescl- 
! skab (the Norwegian Hydro-electric Fertiliser 
I Company). In 1900 the Norwegian company 
I joined forcc.s with the German firms, the 
I Farbcnfahnk vorraals F. Bayer and Co., Elber- 
j fold, the Aktiengesellschaft fur Anibnfabrikation 
i of Berlin, and the Badischo Anilm und Soda 
! Fabrik {which really controlled the other two^ 
i firms). In later developments the German 
interests were ehraiiiatcd, and the whole under¬ 
taking is now owned by the Societ6 Norvegienno 
do I’Azote. 

Th(^ establishment of the arc process in 
Norway was possible on account of the abundance 
of cheap water power which could be harnessed 
to hydro-olectnc undci^akings. The potential 
I and developed hydro-electric power of the world 
has been stated as follows:— 

' Potential h.pT Developed h.p. 

I United States . 20,000,000 6,000,000 

! Canada . . 0,009,000 1,756,791 

France . . 6,000,000 600,000 

Norway . . 6,600,000 860.000 

Spain . . 5,000,000 300,000 

Italy . 6,000,000 760,000 

Sweden . . 6,0(W,000 6(»,000 

Switzerland . 1,500,000 400,000 

Germany . 1.000,000 600,000 

Great Britain . • • 700,000 60,000 / 

The power for the Notodden works is derived 
from the Svaeigfoss, about miles up the valley, 
and the water falling over the Rjukanfosa 
generates in its passage to the Hitterdal lake 
40,000 h.p. at the Svaelgfosa, 16,(KX» h.p. at the 
Lienfoss, and 20,000 h.p. at the Tinfoss, making 
a total of 75,000 h.p. at IJotodden. 

The two new works at Rjukan have recently 
been put into operation, and about 380,000 h.p. 
are now expended in Norway on the arc prooess. 
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The Rjukan works alone use 300,000 h.p., and i generating stations, thus enabling the generators 
are said to have cost £3,000,000. This works ; to work at a high load factor, and reducing 
out at about £20 per ton of nitric acid ])er ; working expenses. The uneipected movement 
annum. The coat of plant, including the | of coal jn'ices has somewhat altered the situation, 
reservoirs and turbines, is high in the case of ! The power used by the Norwegian works is 
the arc process, t)ut as no materials except water ^ derived from the Rjukan fall, the water of which 
and air are used, with limestone if calciLm nitrate , is collected in the Moesvand Lake, which has a 
is made, the products can be cheaply raaiiufac* | eapaoity of 768,000,000 cu. m. This reservoir, 
tured if abundant sources of water-power arc | which is closed by a large dam, feeds the river 
available. The ]) 088 ibihty of operating the are 1 Maana, the water of which is conducted through 
process with coal-fired power plant has been i a tunnel 4 km. long and 20 sq. m. in section t(^ 
considered (Nitrogen J^rodutts Committee Re- i oolleeling house, from which it passes througn 
port, 1920); the conclusion reached w as that, ten steel Humes or conduits, 2 ra. in diametv* 
as the process has been* siiooissfully operated winch carry 50 cu m of water per second to 
intermittently in Italy on off-jieak electric the. ])ow'ci’house. The Kjiikantoss j)ower house, 
power, it miglit be possible in this <ountry to ' whicii is 110 m. long and 20 m. broad, contains 
use it as an outlet for large blocks ol off-peak j im iiirbmea, each of 14,500 h.p . directly 
power from large central coal-fired electric i coujiled to the gcneiatf)r8 (Fig. 1). The 
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electric current is transmitted through sixty ^ runuiu^^ down tlie Pic de Soulom, three tt each 
cables, some of copper and some of aUruiniumJ; lake, 3 ai^l 4 feet diametiT, resjiectively. The 
to the Rjukan I works at Verniork, and to the high-jiressure water jiasses to Pelton wheels, 
Rjukan II works at Saahcim, both a])])ioxi- an^ the low-jiressure to turbines, in«each case 
mately the same size, in which the total of i cou]>lcd directly to altfcrnatoi's. These supply 
300,00^ h.p. is applied. in^tddition the power for the electrified portion 

In Rjukan I there are two types of furnaee.s, of the Midi Railway from Lourdes to Cauterets. 
the Ulirkeland and Eyde, and the Schonherr. The current is transformed to 10,000 volts for 
At Rjukan II Birkeland, and Eyde fiirnuei's transmissiorf to the works. There are four of 
alone are used. Another factory of the Nor- the newest type of Birkeland-Eyde furnaces, 
wegion company is situated at Pierrefitte, on about U) feet gliame.ter, operating on single 
the French side of the Pyrenees, where water phase at 6000 volts, and using up to 4000 kw. 
power from two lakes is used. There is a each. About 5000 cu. m. of air is drawn 
similar factory on the {Sjianish side, but this is i through each furnace per hour, 
not yet in operation. The works at Pierrefitte; The power used for nitrogen fixation is shown 
uses 8000 kw., producing 4000 tons of nitric' in the table below, taken from the Statistical 
acid per annum. Th^ water is obtained from 1 Supplement to the N. P. 0. Report. This table 
the lake at Cauterets, at an altitude of 280 m., • shows only the two main processes in which 
and that at Luz St. Sauveur, at an altitude of! powir is a primary factor. installed 

140 m. It is conducted thJkiugh six flumes | capacity of the power plants employed for 
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nitrogen fixation in 1920 amounted to over a 
million kilowatts when allowance is made for 
tho reserves always provided. The actual 
number of kilowatt hours required to produce 
the full output of tho arc and cyanamide plants 
in 1020 was nearly double the combined actual 
output of tho whole of the electricity Stations 
of the British Isles, including lighting, power, 
and traction. 

V Would’ s Consumption of Power in 

'Nri’iiociEN Fixation. 


11)13 I 1920 


Process 

InsOdlcd ! Actual 
cflliacity 1 pow'cr n- 
tonsmtro- «|iiiu'(l in 
gi'ii per ! cuutinu- 
aiiniim | ous kw 

]iistal!<‘(l 
capacity, 
111 tons 
iiitrugcM 
per a#tium 

Actual 
power re¬ 
quired m 
continu¬ 
ous kw. 

Cyanamide 

59,600 

130,000 

325,500 

7I5,0(K.' 

Arc 

16,900 

142,00(1 

38,300 

316,000 


These figures give for the ])Ower require, 
mciits: arc process, 8-35-8*4 kw. yr., and for 
the cyanami(le jiroeess, 2'2 kvv. yr., per ton 
nitrogen fixed. 

Theoretical Considerations. For the equili¬ 
brium constant of the reaction N.j4-()j'^2NO 
Ncrnat (Zeitsoh. anorg. Chem. 190i), 49, 213; 
Gottingcr Nacliriehton, 1901, 2I>1) gives an ex- 
jiression which may ho .siniplilied to 

log v'K=0-644]-472r.'{i/T 
where T ia the absolute toniix-raturo C., uiid 

In tho case of air as the imlia! mixture of N_, and 
0^, when a; p o. of NO by volume has been formed 
in equilibrium, K—x^l'{ld-2 —1j:){2()-8- lx), and, 
therefore, since x is small, 

.t-= 40-8VK'/(1+0-02/K) 
very approximately. From these equations tho 
values of x—j).c. NO in Table 1. have bqpn 
calculated. They agree fairly well with the 
observed numbers, which were obtained by 
exploding a miKturo of •leetrolyttc gas and 
air, and by drawing air through platinum ami 
iridium tubes heated cleclrically. The r#aeti(*n 
absorbs heat: N 2 *j- 02 = 2 N 0 —2x2X3 kg. cal. 

Table L~EtiuiLiBRiUM Yiklds of NO in Air. 

Temperature F.c. NO by P.c. NO lA 

®C. absolute volume obsd. volume calcd. 

1811 . . 037 0-35 

1877 . ., 0 42 • 0*43 

2033 . . 0*04 0-C7 

2195 . . 0’97 * 0-98 

2680 . . 2-05 2-02 

2676 . . 2-23 2*36 

3200 . . 6 0 about 4-39 

• 

The same values of K apply, t)f course, to 
any initial mixture of nitrogen and oxygen as 
well as air, but the relation between x and K is 
different for#ach mixture. For the iinpdttant 
case of equal volumes of oxygen and nitrogen 


we have K=x*/(60 —^.t)(60->^x), or, very 
approximately, since x is small, 

• x=50VK/(1+0*6VR). 

The increased yield with the mixture 
N 2 -fG 2 compared with t<lr is, therefore, 
approxiiniitely 18 p.c. Higher yields claimed 
(^'ee Nitrum jirocess) must, therefore, depend 
on other circumstances, such as nforo rapid 
cooling. Oxygen has a thermal conductivity 
7 p.c. greater than that of nitrogen. Haber 
and Koenig (Zeiisch. Elcktrochcm. 1907, 13, 
725) obtained 14‘5 p.c. of NO from Na + Uj. 
By using a sln^-t art' m a water-cooled tube 
tlicse exjHTitnenlers {ihid. 1908, 14, 689) ob¬ 
tained 17’8 j>.c. NO. J’he s.ime final concentra¬ 
tion W. 1 S obtained with N^ + O^ and NO as 
initial gas, indicating equilibrium. Increase of 
pressuie does nut increase «the yield. Similar 
expenim'iits ueie made by ilolweeh {ibid. 1010, 
16, 369), Haber ar?tl Holwceh {ibid. 810), Hol- 
Aveeh and Kt>emg {ibid. 803—cooled arcs), 
Haber, KoeniiT. and Platou {ibid. 786, 796). 
Tho yields for a given expenditure of energy 
aic much larger than those found in other 
experiments, such as those of Nernst; m the 
most favourable cases they amount to 80 grm. 
UNO., per kw. hr. The pereentage of NO in 
the resulting gases also corresponds, on tho 
Ihermodynamie tlicoiy, Vith imjiossibly high 
temperatures (the temperature 32UO corresponds 
with only about 5 p.c. of NO, as is seen from 
Table 1.). Haber eonsulers that a cool arc is 
more favourable to NO tormution than exposure 
to very high temjicratures followed by rapid 
cooling, and tliat eloi'tronic impacts play a part 
under certain conditions («irc Jellmek, Gasreak- 
tioiie, 1913, ]). 780). 

The velocities ol formation and decomposition 
of nitric oxide have been determined. Bcloi# 
3000'" the reaction is l>imr)lecular : 

^ above 3000^ it i.s said to be unimolccular (Le 
I Blanetnd Niiraneii, Zoitsch. RIektrochem. 1907, 

[ 13, 303). In the bimolccular case, the velocity 
j equation is :— 

!• dxfdt-^l-^{Co~ — ia:)- 

[ where On and t’o are the initial concentrations 
' of Ng and in percentages Ay volume, and, 

I X the percentage of NO present at a given 
I instant. The velocity constants ki and 
l^rcpresenting the rate of formation and decom- 
! position of NO respectively for unit concentra- 
i tions, have been determined experimentally 
by Jellmek (Zeitsoh. Elektrochem. 1907, 13, 
303 ; Zcitsch. anorg. (3hem. 1906,49,22)^, whose 
results are given in Table II. The time for half 
decomposition of pure NO into No and Oj is 

very approximately ^ 2 =l /^2 ’ 

the possible riitrificatton of air, i.e. half the theo¬ 
retically possible production of NO, ia approxi¬ 
mately /i = l’30/\/The .velocity constants 
depend very much on the temperature; Steinmetz 
(Chcin. & Eng. 1920,2^, 299) calculates from 
Jellinek’s results log jfc2==n-113+6-731 X 10-»T. 
when t is in seconds. From this, and the rela¬ 
tion ki—k^K, tho valucs^iven in Tables 11. and 
III. have been calculated. The values of K 
I havo^been obtained from the formula: 

1 lo?K=l 048-9380/1 
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given by Steinmetz, which is in good agreement 
with the formula of Nernst previouBly quoted. 

Table IL— Velocitie8 of Decomposition 
* OF NO. 

Time in minutes for 50 j>.c. deoonip^Ssition of 
pure NO at atm. press, into N« and Og. 


Abs.' 

temp, 

‘C. 

Time in mins, 
obsd. 

00^3 mins 
calcd.=*'l/fcj 

for second 
as unit ol 
time 

900 

7-35x108 

8-9x10" 

1-87/, 10-8 

1100 

5-80 X 102 

6-4x102 

2-01x10-2 

1300 

4-43x10 

4-6x10 

3-00x10-8 

1500 

3-30 

2-36 

5-12x10-8 

1700 

2-47 xJO-i 

2-33 X 10-1 

7-17xl0“2 

1900 

1-74x10 2 

1-60x10-2 

1-002 

2100 

1-21 X10-2 

1-18x10-2 

1-41x10 

2300 

8*40X10-^ 

8-45x10-8 

1-97x102 

2500 

6-70xl0-« 

0-06x10-8 

2-75x108 

2700 

3-92x10-’ 

4-43x10-’ 

3-85 X 10* 

2900 

3'3r)XlO'« 

3-08x10-8 

5-4()x JO* 

3100 

2-25xl0'» 

2-20 X 10- 2 

7-57 XJ0« 

3600 

— 

M3xl0'ii 

1-48x10® 

4100 

_ 

4-10x10-18 

4-07x1012 


Table HI.— Velocity of Kormaiton of 
NO FROM Air. 

Time in minutes for production of halt the | 
theoretically possible amount of NO. 


Abs. 

temp. 

“C. 

Time in mins, 
obsd. 

: fio/j 

mins cak’d. 

for si’cond 
as unit ot 
time 

900 

_ 


7-89X10-J8 

1600 

j-«ixio» 

1-77x108 

3-19x10-8 

1700 

6'90xl0 1 

6-45x10 

2-43 f 10-* 

1900 

2-08 j 

1-99 

1-29x10-* 

2100- 

8-43x10-“ 1 

8-22x10-2 

6-30 X 10- 8 

2300 

3-76x10-“ 

:V70xl0-8 

1-84x10-1 

2600 

1-77 X10- 

1-85x10-* 

6-44 

2700 

8-75 X10-« 

9-(H)xK)« 

i 1-44x102 

2900 

5-76x.'0-’ 

5-20 X10' ’ 

1 3-62x108 

3100 

3-10xl0-« 

2-87X I0'8 

7-90x10* 

3600 

— 

10-10 

3-40x10' 

4100 

1 

2-3x10-1* 

2-34x10“ 


From these results it follows that, if the com- 
binatioi in ther arc occurs purely on account 
of the absorption of heat, the best results should 
be obtained u'hen the air is heated to a tempera¬ 
ture not leas than 3000®, an^ then cooled with 
all possible speed below file temperature, say 
1000®, at which the velocity of decomposition 
of the nitric oxide formed at the higher tempera¬ 
ture has become inappreciable. This conclusion 
is confirmed by experiment. Since the rapidity 
of cooling attainable practically limits the amount 
of nitric oxide remaining, there will be no point 
in going above a certain temperature in the arc, 
at which the equiiibrihm .concentration of NO 
is not le^ than the residual concentration 
possible under the most favoi^able conditions 
of oooimg with the given apparatus. 


j In the commercial operation of the arc 
i process, a concentration of 2 p.c. of NO by 
! volume is attained as a maximum from air and 
I usually only a little over 1 p.c. The temperature 
; corresponding to 2 p.c. is, according to the above 
’ results, about 2500®. It is thus possible to 
calculate the minimum expenditure of energy 
I neccssai-y in the furnace, assuming this to bo 
' the mean temperature of the gases. This 
i energy la the electrical equivalent of the heat 
absorbed in the reaction N2+02=2N0, pli% 
that required to raise the teinpefature of the 
I gases to 2500®. Since the mean specific hcaflb 
' of the three gases at constant pressure are 
I approximately equal, and given by the expres- 
I Sion 0'8d-0'000(W grm. eal. per grm. moL, v/e 
1 have, as the absorption of energy for heating, 
14 grins and 10 grma. O, to 2500®;— 

1 (0-8-fi'KlOxO ■0000)^20,GOO grm. cal. 

If wo add to this the energy 21,000 grm. cal. 
for tlic })roduclion of 30 grms. NO (100 p.c. 

' conversion), we find as the minimvin energy 
lequii'cd 20,000 + 21,000 — 42,200 grni. cal., or 
about 005 kw. hr. Rut in ju-actiue it is 
found neeessurv to expend 1 kw. hr. (2 p.c. con¬ 
version) in tJie formation of 30 grms., or 1 grm. 
molecule, of nitric oxide, Iience the energy 
elhcicney of the arc process is 005 X 100—5 p.c. 
A eerlain amount of this energy is recover¬ 
able ill tlie les.s available ionii of heat from 
the hot gases, by pa.ssjiig the latter through 
buih'i' tubes, 'J’be vKucrinvui amount so recover¬ 
able 18 aliout 5 p.c. of the mitial eiiei’gy after all 
requiiemcnts for evaporation and ctioling have 
been mol. The latter utilise about 8 p.c. The 
arc proce.ss as operated is clearly very wasteful 
of eneigy, only about 10 p.c. of the latter being 
! usefully applied m the maximum. It can, 
i therefore, be used economically only when a 
I very chcaj) source of eneigy is available. This 
118 jii'ovided by large water-power sources, or, 
m Germany, by thi) utilisation of brown coal 
(or lignite) from which electrical energy is 
pi;pdueod at a cost of about 0*4(/. (2‘8 pfg.) per 
kw. hr., as comparedwith at least l-5d.periiw.hr. 
from British coal under present conditions. 
The cheap coal supplies of Natal, where coal is 
obtainable at a cost of about 3.s. per ton, and 
the large undeveloped water powers of Egypt 
(Assuan Dilm) and'Newfoundland, offer pros- 
jiects of utilisation by the arc process in these 
countwes. 

< The Bfrkeland and Eyde Process. In this 

type of furnace the aic between the electrodes 
is ir.aiiitanied by an alternating currdht and is 
spread by a strong rfiagnetic field at right 
angles tu the axis of the electrodes. The current 
filaineiil tends to move at right angles to its 
length in thf magnetic field, and is blown into 
a half disc at each half pcfiod of the current. 

! The filament breaks when the resistance along 
it is greater thaiF that of a new arc in the c*ooler 
air between the points of the electrodes (Trans. 
Faraday Soc. 1900, 2, 98). The half discs 
succeed each other with great rapidity on each 
side of the electrode axis; and the impression 
on the eye is that of a steady circular sheet of 
flame («ee Andricssens, Zeteh. EJektrochem. 
1919. 26, 265). 

Tne electric flame is produced in a flat box 
of refractory material (Eyde, J, Roy. Soc. Arts, 
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1909, 57, 568), the wails of which do not in 
actual working become heated beyond 1000®. 
A recent type of furnace is shown in seetion in 



Fig. 2. The eJeotrodes are U-sh.aped copper 
tubes, 1 inch wide, separated by a distance of 
one-eighth incli to form a gap for the initiation 
of the arc. The position of the electrodes is 
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regulated by screws outside the furnace. One 
electrode is earthed, ^'he applied voltage is 
6600* In the most recent type of furnace the 
air is aspirated into the furnace through grids 
of iron netting placed opposite^the inlet ports; 
in the older types the air is forced through by 
Roots blcUvers. The air is divided by ebanneb 
in the fireclay lining of the furnace, so as to be 
' directed uniformly on both sides of the arc 
; flame. During the brief contact of the air with 
the intensely hot flame, combination of oxygen 
: and nitrogen take! place. The gases are then 
swept out of the furnace and cooled with great 
r%pidity to about below W'liich tempera¬ 

ture nitric oxide is stable. 

The electrodes are cooled by a rajiid current 
of water passing through them. The latest 
types of Rirkdand and Fyde furnaces are made 
m units taking 2(XK), 3iKM), t>r 4000 kw. The 
most economical size is sanl to bo 3000 kw. 
The electrodes last 3-4 weeks, and arc easily 
replaced in about 16 minutes when required. 
The temperature of the flame is estimated at 
3000'^-35()()®; that of the oseapuig gases, of 
which about 74 cubic feet jiass through the 
I furnace jier kw. hr., is about 1000'’. 

I At Motodden there are .30 furnaces of the 
I early type using 800 kw., working at 5000 volts. 

; At Rjukau 1 there arc al^out 120 furnaces, 40 
Birkeland-Eyde and 80 Kehimherr (see below); 
there arc aliout the same number at Kjukan II, 
but there all the furnaces are of the liirkeland- 
Eydo typo (Fig. 3). 'Die concentration of nitric 
oxide in the gases immediately after leaving the 
furnace is about 1*25 p.c. by volume on the 
average. 'J'he gases are further cooled, and the 
i oxides of nitrogen absorbed as nitric acid and as 
sodium nitrate and nitrite, in apjiaratus to be de¬ 
scribed later. About 07 p.c. of tlie fixed nitrogen^ 
is absorbed, 85 p.c. of this as 30 p.c. nitric acid 
and 15 p.(^ as nitrite. 'I’lio energy consumption 
m the liirkehuid-Eydc process is estimated by 
i the Nitrogen I'roilucts Committee as 1 kw. hour 
IperOl^'rms. (4 nitric acid, HNO 3 , for overall 



. Fig. 3. 

• • 

Birkeland-Eyde Furnaces at Rfukan. 
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working. The arc process has tho advantage 
over other fixation methods in being direct and 
comparatively simple, and in the absence of 
objectionable by-products (c/. Cyfinamidr). Its 
disadvantages ^.re the very expensive plant, 
including large power installations, and its de¬ 
pendence on cheap i)Ower. In localfties where 
cheap water-power is available {e.g. £1*2 per 
kw. year in Norway) the latter factor Las no 
weiglit. 

The arc factory at Souloni, Pyrenees, em¬ 
bodies the latest iinprovenn'ii'ts of the jliikelatid- 
Eyde process. 'J'lie currgnt (see above) is suit* 
plied to the works by uinlci^round cables 
10,000 volts, a portion being ste]>ped down at 
the works to 3S0 volts for lighting. 'I’hc choking 
coils used in connection with the* furnaces are 
water-cooled lead cods imuuTsed in oil, having 
an iron core and* an automatic thermometer 
operating at 50'’-(i0'^, at wlych tcmjierature the 
current is cut off. I’hc power loss in the choking 
coils is less than 1 p.c. Co])per s]ura!.s, without 
iron cores, as used at Notodden, have been 
abandoned. 

I’he furnace room contains four of the latest 
type of Birkeland-Eyde furnucos, about 10 feet 
diameter, operating on singh' ]ihase up to 4,000 
kw. Three are in use and one in reserve. 
The phases arc intcirhangcable, one electrode 
being earthed. The furnaces are ot brick, with 
a lining of special refractory stone of Norwegian 
origin, tlie whole enclosed in an iron easing. 
There is a lenticular cavity containing the 
electrodes, one wall of wlueh is p<‘rforated by 
canals in conummieation with five equally- 
spaced suct'oii intakes for air. Afti;r jiassmg 
through tlie furnace, the air leaves at the bottom 
through a curved oval pip<‘ about 2 feet in 
Joiigest and 1 foot in shortest diameter, lined 
with resisting brick. This eoniiects wjtli the 
main flue, about 5 h'ct diameter, lined witli 
resisting brick 18 inches tluek, carrying away 
the gases, at about 1000'C., to tiie cotiling and 
absorption ]>lant. The gas is analyi cd at 
regular intervals by taking a .sample from tlic 
main near the furnace in an exhausted globe. 

The volume of air,aspirated through each 
furnace is about 5,OIK) cii. m. per hour, and the' 
percentage of NO in the furnace gas varies from 
1*6 to 2 p.c. hy« volume. The air, as stated, is 
drawn through the whole system by two fans 
in series after the last absorption tower, each 
of 100 h.p. The droji in jirossure tlirough the 
furnace is about li inches of water 

The electrodes are U-shaped copper tubes 
about ] inch diameter, sejjarated by about one- 
eighth inch and cooled by water circulating 
througn the tubes. 'J’he position of the elec¬ 
trodes is adjusted by screws outside the furnace. 
The ^rc is deflected by a large electro-magnet 
placed in a cavity on tha^ iide (»f the furnace 
into which air is drawn. The air passes through 
channels in the magnet, and .serves to keep the 
latter cool. Current for these magnets is ob¬ 
tained from the high-tension A.C. by a rotary 
converter. The average life of an electrode is 
from 3 to 4 weeks. The furnaces emit a deep 
roaring note, which, however, is not un¬ 
pleasant. 1 

The gas in the main leading from the furnace 
enters at about 900®C. into two Babcock beilers, 
each having about 300 sq. m. ol heating surface 


and provided with superheaters and economisers. 
A considerable amount of steam is blown to 
waste after all requirements in the works for 
evaporation, concentration, &c., have been 
satisfied. After passing through tho boiler 
lirebox the gases leave at about 250® to tho 
coolers. These are placed in the open air, and 
consist of four batteries of iron tubes, through 
winch the gases pass, cooled in vertical tanks 
through which water flows. 

The gas leaves the coolers for the oxidatio% 
tower, of sheet iron and of sullicient capacity 
to give one-minute contact to the gas before this 
enters the water towers. This is necessary to 
enable the nitric oxidi^ to be partly converted 
into nitrogen peroxide before the gases come 
111 contact with water. The gases leave the 
tow i'i- at 50" ; the drop in ]>ressurc in tho coolers 
IS about 40 mill, of water ; that in the oxidation 
tower 5 mm. 

The g.vs now cntcr.s the absorption towers 
(Fig. 4). 'J’lierc arc lour of these, constructed ot 
slalis of Norwegian granite clamjied by 01 iron 
bands. The natuie oi the stoiu* used for these 
towiTS IS cxlreniely imjautant; Norwegian 
gianite is practically the only material which boa 
beeiifouiul satisfactory, since other varieties tend 
to disintegrate m use m contact w’lth the acid. 
Tlie towers arc lO-sided, 20 025 in. high inside 
and 7’3 m. uniform extenial diameter. Tho 
tluekness vaiies fnmi 350 mm. at the bottom, 
ill Hte])s of 300, 250 and 200 mm. to the top. 
'Pile towels are mounted on concrete piers with 
all joints visible and aeeessible in ease of leakage. 
'Pile tow'ers are packial with ])i< ces of Norwegian 
<|uarl7. about the size of walnuts, the character 
of the packing being again of great importance, 
'J’ho towers arc emnpletely jiai'kcd, with practi¬ 
cally no flee sjiace. Tho gas enters at the 
bottom of the first tower and alternately at the 
toj) and bottom of successive towers. Acid is 
circulated in each tower by one montejus of 
iron-clad acid-resiirthig stoneware, having a 
ca[)aeity of 400 litres. The delivery is iiiter- 
mittent, the montejus emptying once every two 
or three minutes. There is one 4-inch stoneware 
pi])o to each tow'or, with ‘ Almagam * rubber 
jopits, for circulation in that tower, and a similar 
pipe for transferring acid from the next tower 
of the series. The circulation amounts to 10,000' 
litres of acid'per hour. Circulation by centrifugal 
pum])8 would probably prove more effective. 
1’he t<«p of the tower is domed, in sections 
joined wiMi blue asbestos covered with tar. 

The acid flows from each tower into a large 
gnw.vte tank with an aluminium coVer, from 
which it is taken to the i^iontejus. The strength 
of field taken from the first tower, which is the 
strongest, is about 30 p.c. HNOg. This can be 
raised to 52jp.c. by slower circulation, but the 
weaker acid gives tho best,all-round efficiency 
of absorption. The strengths in tho succeeding 
tovver-s are usuajly 20 p.c., 10 p.c., and 5 p.c., 
respectively. The time of passage of the gas 
thrmigh each tower is of the order of 1 minute. 

After leaving tho fourth acid tower, the gas 
enters an alkaline absorption tower, of sheet 
iron, about the same size as the acid towers, 
and ‘also packed with quartz. Through this 
tower a solution of sodium carbonate, containing 
aboifv 2 p.c. of caustic soda, is circulated. 
Sodium nitrate and nitrite are formed. 
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The drop ia pressure through the tower j alkali tower is also about 1 minute. The gas 

system is as follows:— i then passes through the fans to the open air. 

First acid tower 125 mm. w'ater. . 'I'he exit, on very wot days, is distinctly rod. 

Second acid tower 150 mm. water. i On dry days the exit is said to be barely 

Third acid tower 100 mm. w'ater. i visible. ^ 

Fourth acid tower 150 mm. water ] The overall absorption amounts to 90-97 p.c. 

Alkali tower 130 mm. water. j of the oiAdised nitrogen leaving the furnace. 

The time of passage of the gas through the ; Of this 90 p.c. is recovered as nitric agid in the 



•Pio. 4. 

Absorption Towers. 

• ^ 

acid towers and 10 pTc. as sodium nitrate. These ' reckonod on acid and sodium nitrate, compared 
figures refer to the operation in \^ioh the mixture ; with power entering the factory and used for 
of sodium nitrate and nitrite obtained in the all purposes, wa.s stated to be 550 kg, HNOj 
alkali tower is treated with dilute nitric acid ‘ per kw. yr. If this is referred to power 
to form sodium nitrate and the oxides of nitrogen , measured at the switchboard and used for 
evolved passed back to the acid towers for ab- i furnace purposes only, the yield is 6 fK) kg, 
sorption. If the recovery is takerf on the acid | HNO 3 per kw. yr., or about 03 gm. HNOj per 
towers and alkali tower without subsequent j kw. hr. • 

treatment, it is stated that about 86 p.c. of the | The primary products of the absorption 
oxides absorbed are received in the acid towers ! system are dilute nitric acid (30 p.c, HNO,) 
and 16 p.c. in the alkali tower. The yield and a solution* of sodium nitrate, or if the 



















588 


NITROGEN. ATMOSPHERIC. UTILISATION OF. 


solution from the alkali towers is not treated 
with acid, a solution ot sodium nitrate and 
nitrite. The acid may he concentrated or* con¬ 
verted into calcium nitrate. The sodium nitrate 
and nitrite are ^evaporated and sold for use in 
sulphuric acid cnamber plantfe, or the nitrite is 
recovered in crystals for dye-making*and other 
purposes, 

Concentration of the Nitric Acid. The nitric 
acid is concentrated in a very efficient apparatus, 
due to Collet. 

The 30 p.c. acid from thl; towers is j)iimped 
to a reservoir from wlpch it descends to 4 
granite towers, 10 feet diameter and 50 feet high, 
lined with acid-resisting stone and packed with 
quartz. In these it meets with steam from the 
weak acid concentrating jdarit, next described, 
and receives a preliminary concentration. The 
acid before enterirfg the towers is also j^reheated 
by waste steam from anotl^er j^art of the plant. 
The concentration apparatus proper consists of 
steam-jacketed tubes. To each preliminary 
tower is attached a battery of four sets of four 
tantiron tubes, i.c. IG tubes in all. Four tubers 
are arranged vertically around a boll-shaped 
head, and steam of 115 lb.s. is passed through 
the jackets, k'our of these evajioratora form 
a unit attached to each of the four towers. 
Evaporation is effected at atmospheric pressure 
and the acid brought to GU p.c, HNO 3 . The 
60 p.c. acid is collected in four granite reservoirs, 
and is pumped from these to a single large 
reservoir at the top of the building, fr<un which 
it Hows to two octagonal gramle towers, 8 feet 
diameter and 30 feet high, one being in reserve. 
Into the same tower flow'.s a stream of 80 p.c. 
sulphuric acid from a tank alongside the GO p.c. 
nitric acid tank. Nitric acid of OG-07 p.c. 
^trength is riistillod over and is condensed in 
aluminium S-jnpos placed between the two 
towers. The acid collected is sent down a small 
granite tower through which compressed air is 
passed to remove oxides of nitrogen, which pass 
to the ab.sorption plant. The diJutcd sulphuric 
acid (60-G5 p.c.) is concentrated in an apparatus 
similar to that used for making the GO p.c. 
nitric acid, except that^it works under vacuum, 
maintained by a vertical fall-pipe and w'atoi* 
condensing jet. This ajiparatus for the con¬ 
centration is vpry efficient, but is expensive. 
'The strong acid is transported in strong earthen¬ 
ware bottles, holding 80 gals. 

iSodium niiraie is prcjiared as previously 
described from the liquor obtained from the" 
alkali tower, or by neutralising the tower acid 
with soda-ash, the oxides of nitrogen evolved 
being removed by fans. Sodium nitrite is con- 
centratid in an apparatus similar to that used for 
nitric acid, the final concentration being carried 
out in 5 pans, 6 feet by 20 feet by 2 feet, 
heated by steam coils, salts are dried in 

hydro-extractors and bagged. About 2000-3000 
tons of nitrite are made annually. Final drying 
of sodium nitrite may also be effected by 
Buhlcr's drying apparatus. Fig. 6 . a is an air 
heater, b a pump, whereby air raised to a 
temperature of 100 ° is forced through the 
apparatus in the direction indicated by the 
arrows. The sodium, nitrite enters at the 
entrance roller 0 and is forced through the 
drying tube into the cyclone d. The Mr is 
filtered in the air filter e and escapes through the 


outlet tube h. The passage of the sodium 
nitrite through the apparatus occupies 5-7 
seconds, when it collects in the cyclone and is 



removed directly into casks by means of the 
outlet roller K. 

Nitrate of livie. The nitric acid from the 
towers is run through a scries of granite tanks 
filled with limestone, until the liquid contains 
not more than 0-5 }).c. of nitric acid, which is 
neutralised by the addition of lime. The liquid 
is then evaporated in vacuum pans until it has 
a Bp.gr. I’G, and run into iron drums holding 
3 ») litres, when it sets to a hard mass and 
is taus exported for chemical purposes; or it is 
run on to s^iallow trays and when cold is broken 
up, ground to a coaVse powder, and sent out as 
a manure in wooden casks. It varies in appear¬ 
ance fioni red-brown to black, according to the 
nature of ihe limestone from which it is made, 
and has the following composition— ^ 

«■ 

N—13T p.c., corresponding to 77'0 p.c. Ca(N 03)2 

water . . . .216,, 

Insoluble in water— 

FcjOj; AJeOj; humus . 1*5 „ 

Ammonium nitrate is prepared at Notodden 
and Rjukan by^neutralising the 30 p.c. nitric 
acid with pure ammonia liquor (sp.gr. 0*880) 
formerly imported from England but now made 
from cyanamide. The resulting liquid is filtered, 
evaporated in vacuurai pans until it has a sp.gr, 
1*35, and is* then allowed to crystallise. Ine 
crystals are centrifuged and dried in a Biihler s 
apparatus, when they contain 99*9 p.c. NH^NOj. 
In U17, no less than 63,680 tons ^rere exported 
for munitions. 






Statistios of the Peoduotion of Calcium 
Niteate in Nobway by the Arc Process. 


Y«ar 

Production In metric 
tons 

Calcium Combined 

nitrate nitrogen ^ 

Consumption 
in metric tons 
(approx.) 
Calcium 
nitrate 

1907 . 

1,001 

208 

216 

1908 . 

6.102 

603 

470 

1909 . 

11,963 

1,654 

970 

1910 . 

18.669 

2,414 

1,860 

^911 . 

13,162 

1,709 

1.967 

V12 . 

30,408 

4,741 

3,721 

1913 . 

73,214 

9,518 

6,600 

1914 . 

82,000 

10,700 

7,600 

1916 . 

48,000 

0,200 

9,600 

1916 . 

61,000 

7,900 

15,000 

1917 . 

72,000 

9,400 

36,600 

1918 . 

105,000 

13,000 

61,000 

1919 . 

109,000 

14,200 

• 45,000 

1920 . 

— 

— 

110,000 

The 

Sebiinherr 

Arc Furnace. In 1905 


Schonhcrr and llosaberger, working for the 
Badiscko Amlin uml Soda Pabrik, devised a 
new type of arc furnace (Trans. Ainer. Klectro- 
chera. Soc. 1909, 10, 131). Expenineiits with 
this furnace were carried out at (diristianaand, 
in Norway, and extensive trials wore made at 
Notodden with the object of deciding whether 
the new furnace possessed the advantages over 
the Birkcland and Eyde type which were ' 
claimed for it. As a result of this work the i 
Kjukan I works was equipped partly with | 
Schonhcrr and partly with Birkcland and Plyde i 
furnaces, whilst the newest works, Bjiikan ]1, | 
is equipped throughout with the Birkcland and ; 
Eyde furnaces. By this time the Badische ! 
firm had severed its comieotion with the Nor- 
wogian comjiany and tinned its attention to the 
development of the Haber synthetic ammonia 
process. 

The construction of the furnace (Elektro* 
techniacho Zeit. 1909, 30, 5^05, 397) is seen in 
Fig. 6. Tho iron tube a contains at its lower 
extremity the electrode insulated from the rest 
of tho furnace. It consists of a strong copper 
body, B, pierced througli its axis ami cooled ^ 
with water. Through the axis passes an ii^n 
bar, 0 , which can be pushed forward as required, 
and constitutes tlie actual electrode Jrom which 
the arc starts at tho poiilit b. AU the wear 
comes upon this bar, which at the intense lieat of 
the arc becomes covered with a layer of ^neltod » 
ferric oxide, which slowly evaporate?. As this 
proceeds#the iron bar is gradually pushed 
forward, and its actual position can be observed 
through the peep-hole e. f is an igniting ^od 
for starting tho arc. The air enters tho furnace 
as indicated, and at o passes into tho iron tube 
through several aeries of tangential openings, 
situated one above*the other, and regulated by 
means of the movable sleeve h. Tnis device 
gives the entering air a rotai^^ motion, which 
causes the arc once started from c to travel up 
the tube a, and the air current is so regulated 
that the arc ends qi the upper water-cooled 
portion of the iron tube, somewhere between 
K and M, which portion of the furnace can be 
observed through the peep-holes n and o. 

1 On a bafts of 18 p.c. combined nitrogen Tn the 
nitrate. 
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Under these circumstances the arc bums as 
steadily as a candle flame The passage of the 
air through the furnace is indicated by the 
arrows, and it will be noticed that the incoming 
air is heated (to a temperature of about 600®) by 
the outgoing gases ^ 

The furnace is connected elea.rically to 
earth, so that any part of the apparatus cuji be 
handled ‘Cvith impunity, cxcc])t only the insulal cd 
electrode. 

The experimental furnaces at Chnsimnsand 
(Fig. 7) utilised 0()0 h.p (n.cIi at 42(Ml volts; 
although units taking h ]). \vit(* consKli'icd 
possible, those rocomnicnded j:is a result of ex¬ 
periments took 760 Ii.]).. I'cqiiiiing 40,000 cu. ft. 
of air per hour. 1'hey ar<‘, tln-ndore, very much 
smaller than the latest Birkeland Kydc funiaees. 
The arc is then a.l>oii1 10 feet long. aJthongh 
Schdiiherr has ri'conimendcd arcs 2\i feet Iniig. 



Eh’. 7. 


Experimental SdionhiTi hiinacrs at Chnstiaii^aTnl 
W orks. 

The gas leaving the furnace lias a lower timi- 
perature, viz H00'\ than that {mm the Hirko- , 
Jand-Eyde furnace, which joaterially jcducea'! 
the efliciency of recovery of waste heat by 
boiler plant, but are said to be somewhat 
richer in oxide of nitrogen, viz. 2 p.c. as com¬ 
pared Vith j‘26-1 •6. Veiy litllc information 
19 available in connection with the Schonherr 
fumc^e; the output per kw. hr. is said to be about 
5 p.c. higher than in the iii^k<Iand-Eyilc furnace, 
and the furnace is simpler lu constrniction. 
Large quantities of cooling water are rt'quired, 
which are strongly heated and might be used in 
boilers. During the war Schbnherr furnaces 
were installed in Germany on a restricted scale 
for the production of nitric acid. 

The Pauling Arc Flame. In the production of 
this flame (Russ, Zeit^ch. Elektrochem. 1909, 
15, 644) the main iron water-cooled electrodes 
AA, F'ig. 8, are bent into the shape of a V, and 
at the lowest point of the V (40>mm. wide) they 


form a vertical slot, through which arc intro¬ 
duced narrow ‘ lighting knives,’ b, b, which can 
be brought together by an adjusting arrange¬ 
ment, CO, until only separated by a few milli¬ 
metres. 

The arc is lighted at the narrowest portion of 
the spark gap. A high speed current of previ¬ 
ously heated air is introduced into the V formed 
by 1 he electrodes, throiigli a nozzle, p, blowing 
out and broadening the are, the flame so pro¬ 
duced burning wuth remarkable steadiness from 
the electrical point of view, and m jiractice 
having .a h'ligth of 1 metre. The furnace gas^s 
are <;ooled by so-called ‘ circulation air,’ which 
is introduced sidew'ays into the upper portion 
of the flame, at a hivv<‘r speed than the mam air 
eiiiTont, thus exerting a suction effect on the 
fl.ann‘, causing it. to he drawn out, and further 
broadened.,, The gases leave the furnace at a 
teni|KTatiire of and were said t<* 

<-onlain 1'6 p e. ot nitric oxide. As ojioratcd 
by f)r. Rossi at Legnano, however, the furnace 
I vK'hls a gas eontaming only about ()'8 p.c. of 
NO 

The Tauling furnace was origmaliy installed 
by the Saltpelcrsaiirc Jndustne (Jesellschaft 



I Gelsi'iikirchen. at a w^orks at Patseh. near Inns- 
t biiiek. when* ]6,0(l(‘ h.p. ar<‘ available. Twenty- 
1 four furnaces were useil, each requiring 400 kw. 
; at 4000 volts and about 21,0()t) enbie feet of air 
j iier hour, 'flie results obtained led to the 
I ostablishnient of the Kossi works at Legnano, 
! near Milan, using 12,000 h.p., which has more 
i recently been extimded to the extent of 6,800 
I h.jt, and a small one at La Roch(‘-dc-Rame, in 
I tJic south (' France, producing 350 tons of nitric 
I acid iier annum. 

'J’lm original Pauling process gave unsatis¬ 
factory n^ nits in Italy, the yield never exceeding 
2‘i-25grniH. HNOj ])er kw. hr., as compared with 
i about 00 in other jirocesses. Investigations by 
Rossi appear to have shown that this low yield 
is fcaused by the action of finely divided oxide 
of iron earned away by the gases from the iron 
elei-trodcs. This acted eatalytically on the 
nitric oxide in the hot gases, bringing about its 
docomjiosition. It was found: (1) that the 
j yield at the furnace w^as normal, but when the 
i gas had cooled a considerable amount of fixed 
I nitrogen had disappeared; (2) when the iron 
I electrodes were replaced by those of other 
; metals, this decomposip'on did not occur. 
Rossi (Eng.‘ Pat. 23969, 1913) used electrodes 
of aluminium, preferably alloyed with other 
metals such as barium. Alumina, which is 
prodiced by disintegration, has no decomposing 
action on the nitric oxide; the alumina also 
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forms a non-oondticting coating on the inside 
of the furnace. 

Pauling furnaces are. used in much smaller 
units than other types. In the Rossi works the 
units take 500-()()0 kw., at a pressure of 6000 
volts. In the new furnaces the electrodes are 
placed very clo'-e together at their point of 
convergence, and no auxiliary lighting knives 
are then neceaH<arv. A steam boiler is placed 
directly over the furnaces, to make use of the 
waste heat, the steam being used in concentrating 
tlio acid. It is ^iroposod to install future 
furnaces inside boilens, and so use them as 
heating tubes. 

The furnaces at i.*ognano are worked inter¬ 
mittently by otr-])eak }>ower from the Alilan 
Power Co. It is .said that no dinieulty ^\hatcvcr 
is oxperh’necd in starling up the furnaces, and 
this is ail important factor when off^icak power 
is to bo utilised, as would lU’obably be tlic case 
if the arc process were adopted in (Ireal lintain. 
The energy consunijition is stated to be 1 kw. 
hr. per 74*4 grins. 11 NO, as acid and nitrite. 
This is a higlicr yield than that clainuMl for (he 
Birkeland-Eydi' [H’occsh. 

The I’auling furnace. ap]»oar.M to be .suded (<> 
small installations, whilst the Birkiland-Ky<lc 
or ychbnhorr jirobably has the advantage for 
large w-orks. 

The Moscicki Furnace. This ty]>e (Eng. Pat. 
20497, lO(Kl) is at iirescnt in ojicration only at 
C’hippis, in Bw'itzerland, ivherc there are 12 
furnaces, each of 1000 kw.. ot which two .are in 
reserve. The furnace differs (‘onsidi'rably in 
construction from those desiTibc<l above. 'J’wo 
concentric electrodes are u.scd, the sjiace bet u een 
them being occupied by an arc which is caused 
to revolve under the influence of a powerful 
magnetic field with lines of force paralh l to the 
common axis of the electrodes. The revolving 
arc practically fills the working space between 
the oloetrodes. 1’he latter are water eooled, 
and have outlets for the gasey. TIhj pressure i.s 
8000 volts, alternating current being used. The 
gases contain an .average of |•(^ p.e. nitric oxide 
The output ii staked as 438 kg. UNO, per kw. 
yr., which is decidedly low. 

Other Furnaces. Besides those described, a 
number of other are furnaces Jiave been deviscM 
{e.g. by (Tuyo, Scott (.). Soc. (3iem. IikI. 1947, 
771), and Island (U.»S. Pat.^31044,5but they j 
have not yot been worked on a large scale. The | 
Kilburn Scott furnace uses three horn-shaped , 
electrodes at angles ol 120", a blast of^ir ueing i 
projected througli the '^pace where tlio electrodes 
converge. • A three-plnise alternating current 
is used, at high voltage. • Exjieriments with uic 
furnace indicate that the yields are satisfaeto^, 
and the construction is simple. It has not yet, 
however, been operated under really technical 
conditions. Experience has shovel that an 
increase in size of ar8 furnaces is often attended 
by a drop in efficiency, and tlic ra(j|KT extravagant 
claims for special furnaces, based on laboratory 
runs, must be accepted with reserve. 

The use of air enriched with oxygen in the 
arc process has been ^leveloped by the Soeiete 
Nitrum of Zurich {F. Oros, Compt. reixl. 1920,170, 
811; Ullmann, Enzyklopadie der techn. Chem., 
vol. 9, 654). A dry mixture of equal volumes of 
oxygen and iptrogen is circulated, in a closed 
system, only so much-oxygen being supplied as is 


necessary for the final product (c.g. nitric acid). 

• The gas and liquid in the absorption system, 

' whicl^ is naturally much smaller than is necessary 
; when air is used, are cooled to about 0°(k The 
I gas leaves the furnace at 1600^0., containing 
j 2’5-3'0 p.c. of N<). The oxygen, of 78 p.o. 

' purity, is produced by a Linde machine of 1000 
cu. m. per hour o.apacity, tliis being the largest 
size unit made, at a co.st of 3 ctms. per cu. ra. 

; Three-phase furnaces of special design, with three 
arc.s, are used, of 3000 kw. capacity, with water- 
cooled electrodes -nf special steel which last 
72 hours in use. A riiasH of flame is formed, 
th^ air being lilnwvi tan?^oniiaJly into the furnace, 
and the llamo is ilien suddenly chilled by 
passing the gases from the furnace, at a very high 
speed, through a double-walled water-cooled 
tube, from wlncli tliey pass to a tubular boiler. 
'I'he oleetrieal eijuipment is*complicated and 
exjiensive. Walcr .ibsor]il.ioii, of 95 ]).c, offi- 
cienry, is used in a*speci!il ajipar.atus. Nitric 
j acid of 1)2 p.c. strength is obtained, the yield 
; being 70-75 grms. j)cr kw. hr. measured at the 
furnace. An inst.allation at Boclio, in Switzer- 
I land, of 0000 liw. has been working since 1010. 

I Lajuid nitrogen jieroxide is also made and stored 
m 80-ton aluminium tanks, ft was liquefied by 
cooling the furnace gases in aluminium tubes 
with hquiil ethane, wliich was cooled to —78° 

: with light pi4rol(Miin. A ifiixtnn* of liquid NO^ 
with a hydrocarl)on forms an exceedingly violent 
ex])!osive, which found some ajiplication in the 
war. A licence was granted in 1910 to a factory 
at Lanffenhnrg, (iermany, for utilising 15,000 
kw. Bower is generated at 0000 volts, stepped 
' up by transformers to 12.000-13,000 volts for the 
' furn.aces, each taking 30()0 kw. Power is used for 
! fixation only during the night. One kg. of N 
; fixed as 02 p.e. acid costs I fr. 20 cts., with energy 
at just under 1 ct. per kw. hr. The yield is' 
I 70 grin, HNO3 per kw. hr., and the cost of the 
' acid IS said to be cheaper than that made via 
I tlitr Haber jirocess. A 00,000 kw. installation 
ereoted^t Merseburg, clieek-by-jowl with the 
new Halier factory, was compjetcly destroyed 
by an ('Xjilosion {cj. also J. Soc. CTiem. Ind. 
1917, 30, 214). The Kodio works have also 
'••uffcrorl from an expiTision which occurred 
during the frai^tionation of nn accidently formed 
mixture of NOi and jietrolouni (.s’a J. Soc. Chem. 
Ind 1822, 41, i 14 R). * 

Absorption ot Oxides of Nitrogen in the Are 
Process. An account of the absorption of the 
J or 2 p.c. of NO in the gases from the arc 
furnace, wiili the production of nitric acid or 
nitrates and nitrite, has already been given in 
connection with the description of the works at 
youlora. • 

At Notodden there arc tlircc series of granite 
towers, (> m. wide and 20 m. high intcntaHy, 

; 5 towers in each cej-ies. Three of these are 
i acid absorption towers and 2 are alkali abeorp- 
I tion towers. The acid towers are lO-sided 
I granite structures, the granite slabs being 
; bound with iron r®ds. The towers have a 
I cajiacity of GOO cu. m., and are fi.lcd with a 
I packing of broken quartz, over which water or 
i dilute nitric acid is circulated. The alkali 
i towers arc oylmdrical irop towers of 700 cu. m. 
j capacity, filled with broken quartz, over which 
I sodiuip carbonate solution flows, which is con* 

I verted into a mixture of nitrate and nitrite. 
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At Rjukan there are 32 granite absorption 
towers, each 34 m. high and 7 m. diameter, 
and weighing 2400 tons. These are fed, with 
water to produce nitric acid, and the later towers 
with soda to form nitrite. The products made 
at Notoddon artf calcium nitrate, sodium nitrate, 
ammonium nitrate, and sodium UBtritc. At 
Rjukan, concentrated nitric acid is made in 
addition." 

The products arc transported from Rjukan, 
47 km. by tramway, 31 km. by steam ferry, and 
then arrive at Notoddon. »• 

In the Legnano works of Rossi, using tlic 
Pauling process {see aboVe), there is an empty 
oxidation tower of 70,020 cubic feet capacity, 
5 acid towers, each 05‘0 feet high and ]()’4 feet 
diameter, and 4 iron alkali towers, each 72 feet 
high and 11 *5 feet diameter. The strongest 
acid is 23-26 p.c: UNO.,, and 20 p.c. of tlie 
absorbed gas is recoverod in the alkali towers. 
The loss is only 1 p.c. 

The gargantuan proportions of the absorp¬ 
tion system used m an are plant cannot fail to 
strike the reader. 'It forms a very expensive 
part of the plant. It would seem possible, by 
careful consideration of the factors of oxidation 
and absorption, to etfeet some economy m this 
direction. T)r. Parker, by a])plying the formulae 
given on p. 594, has shown tliat, by a smt.iblo 
arrangement of oxidising and absorption spaces, 
the 13,030 cu. ra, of tower sjiace used at Piei retilte 
might be reduced to about 9000 cu. m., with an 
increased efficiency of absorption of 3 p.c. The 
reduction of packed apace would also reduce the 
expense and weight of the. plant. 'rh»;re la 
room for experiments in this direction, since the 
present method is purely empirical. Experi¬ 
ments at Angoul6me indicated that three towers, 
18 inches djaraetor and 15 feet high, with 
‘ scientific arrangement, effect the same absorp¬ 
tion as one of the usual granite towers 00 foct 
high, weighing 200 tons and costing £4000. The 
first tower system would cost about £150. 

The reactions taking place in the absorption 
towers are still somewhat obscure. Tho ^primary 
reaction is the absorption of nitrogen dioxide 
with the formation of equivalent amounts of 
tiitric and nitrous acids : r 

2N0a+H,0=IIN03-l-HN0a, or 

2 Na 0 ,-fH; 0 - 2 HN 03 +Na 03 . 

So far as is known there is no difference in the 
products with NOj and N^O^, although there is 
some evidence that the rates of ahsoiption arc 
different in the two cases. With increasing 
concentration the nitrous acid becomes unstable, 
and decomposes, the greater portion being 
elirainaiiod. The exact mechanism of the 
elimination of the nitrous acid is very little 
unde.'^tood. J. R. Partington and L. H. 
Parker, m a paper on the Theory of Absorption 
Towers for Nitric Acid (J. 8oc. Chom. Ind. 1019, 
38, 76 T) have considered the absorption of 
oxides of nitrogen in towers. 

The efficiency of a tower system will depend 
on two factors:— 

(1) The rapidity and completeness of absorp¬ 

tion ^—^This may be determined by the weight of 
soluble gas extracted per minute per cubic foot 
gross tower space, and the overall percentage 
absorption. ^ ^ 

(2) The coneentration of the f^liUion produced* 


—This factor, which is always kept in mkid in 
designing towers for condensing hydrochloric 
acid, appears to have .been largely overlooked 
in nitric acid towers. It is, however, of con¬ 
siderable importance, as the cost's of handling, 
storing, and working up 30 p.c. nitric acid are 
obviously much greater than the corresponding 
figures for 50 p.c. acid. 

Rapidity and completeness of absorption .— 
Tho rapidity may bo stated in the form of the 
number of pounds of NOj absorbed per cubic 
foot gross tower apace per minute. The oom- 
pleteneaa may bo estimated from tho over^l 
efficiency of absorption, i.e. the percentage of 
oxides of nitrogen removed from the gases 
entering the towers during their passage through 
the towers. 

The weight in lbs. of nitrogen dioxide ab¬ 
sorbed in ) minute per square foot of acid 
surface, which we shall call the absorption 
cocffine^it, depends on the partial pressure of 
NO^ in the g^s: the partial pixiBsure of oxygen 
in the gas; the concentration of the acid used 
for absorption ; th<' temperature; the turbu¬ 
lence of the liquid and of the gas; the amount 
of oxidation space allowed for the NO produced 
during the absorption ; and tlie rate of renewal 
of liquid surface, t.e. tho acid flow through tho 
tower. 

The dependonco on tho partial pressure of 
NO.^ is sufficiently evident on comparing the 
lower capacity used for dilute gase.'* produced 
in the are, with that for the much richer gases 
obtained by denitration :— 




('ub. ft. gross tower 

Gag 

p.c. NOa In gas 

Bjiace per lb. 

NOj i>er min. 

Arc 

J 

6000 

Denitratf)! 

20 

200 

The dependence on the strength of acid used 

for absorption 

is shown approximately as 

follows — 



P.c. strength of 


acid usiMl for 

Rate of 

absorption 


absorption 

0 . 


. l-OO 

iO . 


. 0-99 

20 . 


. 0-96 

30 . 


. 0-90 

1*0 . 


. 0-80 

ao . 


. 0-70 

60 . 


. 0-56 

66 , 


. 0-32 

0 08 . 


. OOO 


{see Foerster and Koch, Zeitsch. angew. Cbem. 
l‘H)8, 2161^ 2209; Foerster, BureWdt, and 
Frieke, Zeitsch. angew. Che..i. 1920,33,113, Z22, 
129; Hall, Jacques, and Leslie, J. Soc. Chem. 
Ind., 1922, 4l,:.86T}. 

'I’here is evidence of a maximum speed of 
absorption in 10 p.c. acid. 

ElimiTuxtion of nitrous acid .—The primary 
reaction in tiie absorption of nitrogen dioxide in 
water is presumably the formation of I molecule 
each of nitric and nitrous acids. The elimination 
of the nitrous acid from the liquid now follows,, 
because it is found that the acid produced in 
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absorption towers rarely contains more than , 
about 0*3 p.c. of HNO... I 

The exact mode of elimination of the nitrous 
acid from the liquid is not at present definitely 
settled, and theie are different theories on the 
subject: 

(1) 'The nitric oxide theory. —According to: 
this the nitrous acid decomposes according to 
the equation: 3UNO, HN() 3 + 2 N 0 +Il 30 
(Lewis and Edgar, J Amer. Chem. Soc. 1011, 
23, 292; Ssaposlinikoff, J. Russ. Chem. Soc. 
1900, 32, 375; 1901. 33, 506; Burdick and 
Eteed, J. Amer. Chem. Soc. 1921, 43, 518). 

In the presence of an atmosphere of nitric 
oxide this reaction reaches an e<iiulibrium when 
nitrous and nitric acids are present together in 
the solution. In actual tower practice, however, 
there is an excess of oxygen and of indifferent 
gas. Both those factors will ti'iid tif reduce the 
nitrous acid concentration in tJie solut ion; tho I 
first by removing the su])crnatant NO, witJi 
formation of NO 2 , winch then rc-dissolvos, and 
the second by reducing the partial jircssure of 
the NO. Then! is no doubt that, in so far as 
this reaction ])laya a part in t)ic removal of 
HNO^, both these factors aie of influ(;nce, 

(2) The volahlimltov theory. —Nitrous acid in 
aqueous solution above a certain strength 
exhibits a marked blue colour, owing to partial 
dissociation with tho formation of N.O^. The 
NgOg tends to escape from the solution owing 
to its volatility. 

(3) The. o.tidaHon theory. —In absorjition 
towers, wheje exeo.ss of ox 3 .’gcn is present, the 
reaction 2JfN().-t- 0.— 21 iN 03 undoubtedly 
takes place, jii solution, and probably to a still 
greater extent m the Pohle lifts, where a very 
efficient churning together of tho liquid and the 
air used for working the lifts occurs. The use 
of oxygen instead of air in workmg the lifts 
would greatly increase this oxidising action. 

Under average conditions it may be assumed 
that the elimination of nitrous acid proceeds at 
a rate sufficient to allow it to be neglected in 
considering the rate of solution of the oxides 
of nitrogen. 

Oxidibing space in towers. —Although some 
of tho nitrous acid prodiicisd in the absorption 
towers is eliminated in solution by oxidation, 
described above, the greater part rciuipears in 
the gas phase in the conditRin of niSric oxide, 
arising from the reactions: 

(а) 3N0 j+Hj0^2HN03+N0 , * 

(б) 2NO+0,=2NOj. 

Equation (u) appears to be the sum of two 
separate reactions, involving the intermediate 
formation of nitrous acid. Reactions (a) and (B) 
constitute a cycle, in which out of three mols. of 
NO 4 taken, two are absorbed, and o|i© remains 
for further absorptiop. One-third of tho NOj ; 
therefore remains after each cycle. Thus, after 
4 cycles, about 99 p.c. of the oxidv are absorbed. 

The regeneration of NO^ by reaction (b) is 
not, in ordinary tower practice, carried out 
under ideal conditions, because this reaction 
appears to take place in tw'o stages: 

2 NO +0 N 2 O 3 (rapid) 

NjOj-i-O -> NgO* (slow). 

This is practic|lly tnif^ because, although NfOj, 
does not appear to have an individual existence 

vdL.iv-r. 


(except in traces) under the conditions of w'orking 
(Lunge and Berl, Zeitsch. angew. Chem*1907,20, 
1716 f Bodenstein, Zeitsch. Elektrochem. 1918, 
24,186), yet the mixture of equal molecules of NO 
and NOjj, if presented to an ab|orbing medium 
{e.g. sulphuric aci&, or caustic soda), is rapidly 
absorbed Jb N 2 O 3 . Tho equilibrium 

N0-|-N02^N,(>3 

is therefore very rapidly displaced to tho right. 

If this mixture is brought in contact with water 
it is absorbed as nitrous acid : 

H/J+NO+NO* ^*N,03+H,0 ^ 2 HNO 5 . 

The cycle of reactions, under these conditions, 
Avill now be as follow’s:— 

(1) 3N..()j-f2H,0-illN03 + 2N0 

(2) 2N{) + tO..--N„0, 

(3) N,.()T-fIV)--2llN02 

(4) 3rJN02-HN0y + 2N0+H20. 

It can be shown tliat, with these reactions, 
it is necessary to go through at least 10 cycles 
to produce the same effect, if is produced 

in the re-oxidation, as with 4 cycles in which 
! the gas presented to the liquid is fully oxidised 
I N 2 O 4 . I’liis will very much increase the tower 
space required. Batents l^ave been framed to 
obviate this formation of by removing 

the gas after each contact with water, and allow¬ 
ing it to be fully oxidised before again bringing 
it into contact with vater or acid (see below). 
The actual conditions obtaining in towers are, 
however, more advantageous than would appear 
at lirst sight, for the following reasons : (1) The 
oxidation in the free space will proceed beyond 
the stage N 2 O 3 , and a jiortion at least of the gas 
will be in the state of fully oxidised N 204 after^ 
each cycle. (2) Opportunity for complete 
oxidation will occur in the connecting pipes 
between tlie towers (if these are provided, as 
should always bo the ca.se). 

The g^omplcte oxidation of nitric oxide by 
atmosiiheric oxygen, in the case of dilute gases, 
is a slow process, and tliis reaction is the chief 
source of difficulty in ail^nitrogcn fixation pro¬ 
cesses in which nitric oxide is the primary 
product. Chemical engineers do not seem to 
have an adequate conception the kinetics ^ 
of this reaction, and many faulty plants have 
in consequence been erected, only to require 
subsequent modification at great expense. It 
nlay be said that, for gas containing 2 ji.c. of 
NO, a time of contact of not less than 2 minutes 
is required for adequate oxidation of this gas 
before subsequent absorption is attempted. 
In this case 90 p.c. of tho NO will be oxidised 
to NOg. A useful discussion of this process is 
given by G. W. Todd, in Physical and ChedBcal 
I)ata of Nitrogen f'Mcation, H.M. Stationery 
Office, 1919. 

Mist forwation in toners. —An import^mt 
I phenomenon which makes its appearance during 
; the absorption of oxides of nitrogen in water is 
the formation of a white mist* which is carried 
away by the inert, gas passing through tho towers, 
and appears in the exit gas. Tho mist is found 
to consist of quite strong nitric acid in the form 
of droplets, which are formed as soon as the 
, oxides of nitrogen enter tho train of absorption 
; towers, i.e. in th# strong acid tower, and pass 
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deduced some practical rules and formul® wUoh 
represent about all that is known at present ol 

this matter. , , , ^ 

A simple formula can be deduced which is 
found to give good results in actual tower 


m 

unaltered and uncondensed through the remain- , 
ine weak acid towers. 

In the absorption of gases from arc furpaces, 
the gases coming from the water towers contain I 
a considerable quantity of acid mist, which l 

Lrrallypasscs'mto the sodahowers^rd is there praet.ce « - -“-t^r^rsVuare ■feet of 

absorbed Is sodium mtratc. If 1 '“Ze expted bfthe packing per cubic foot, 

not used, this mist escapes condensation, and , of Lw of gas through the tower 

even with soda towers the absorption is incom- , V ‘ ® 

plcte. By means of electrical precipitation I and has been 

apparatus it is possible to condense | , i^yi^tcd from experimental results for vanout 

3'5 p.o. nitric acid, .'.r. acid corresponding uith " 0 ^ a„d different 

that in the farst tower. , . . ' t,.nineratiiro8 then; log. f„/c,=^KkWV, where 

It will bo evident from the above discussi m concentrations of NOj in the 

that the problems tu be solved m the desi^^n of © . } ^ leaving the tower respectively 

absorption towers for nitric acid arc much more ! ff,,“‘Ter Lwc ^ 

complicated than those involved in such casc^ , in ' 5 ,, j^^nZjng values of K and k are most 

:L:,teatlc“kln 

STiT 1 •“ •"*“ 

jf R. Partington and L. H. I’arker {l.c.) have 1 paper. 

Values of K x 10”. 


Px. NO, in gas ' 1 


50“ C. 

4 8 10 


Px. HNO 3 In acid 
6 
10 
10 
2.5 
:(7 
42 
62 


2-14 
2'55 
17» 

1-18 
()-(i7 

()-471 0-471 0-Oi) 
0-20 0-18 0-44 


1- 07 

2- .60 
1-.67 
1 10 
0-03 


2-83 

2-!ll 

2-47 

1-08 

0-!)l 


3-00 
3-00 
2-07 
2-23 
1-00 
0-85 
0 01 


2-01 
2-44 
2 ■20 
1-!I7 
1-73 
1-40 
l-i8 


2-69 

2-.63 

2-41 

2-01 

1-49 

1-28 

0-85 


2-83 

2-85 

2-71 

2-30 

1-77 

1-50 

1-22 


■ 1 

1 

30^ C. 

fO 1 

1 4 8 10 

1 

2-80 ' 

i 2-28 2-39 2-73 2-83 

2-0:1 

2-12 2-39 2-78 2-88 

2-78 

' 1-90 2-32 2-67 2-76 

2-:i8 

1-81 2-26 2-47 2-62 

1-85 

1-66 1-83 2-28 2-,36 

i-(;5 

1-67 1 63 2-18 2-31 

1-37 

1-41 1-24 2-06 2-26 


OOMPABISON OF VaEIOCS TyPES OF ToWEE I’AOKIXa. 


Packing 


Exposed 
area of 
unit, 
sq. In. 


Volume 

ol 

unit, 
cub Ill. 



J 


Small Raachig rings 

5’4G 

0-3(>8 

4-roint Htar ^ 

5-81 

0-59’^ 

Guttmann ballH 

23-4 

3-05 

Concentrics . 

40-5 

0-1 

Large rings and con-1 
cei^Krics . • •/ 

93-6 

13-15 

Large rings . 

47-1 

7-07 

Rhigs and nodules . 

Bing 

4Xh 

Nodule 

7-07 


11-1 

2-91 


No of 
packing 
units 
l.er 

cub It. 
tower 
spabe 


(2,130(1) 
\1,700(2) 

5;5 

75 

162 

64 

64 

14-8 

25-7 


Total 

surface 

of 

packing 
units In 
Bii ft 
per 

cub ft 


80-6 ■ 
64-5 

, • 22 , 

! 12 -i' 

; 49 

I 41-6 
! 20-9 

4-86 


1-98 

6-83 


Total 1 
volume 
of 

packing 
uuita in 
cub. ft. 

per 
cub ft 
tower 

Pc. 

free 

space 

1 

P.c. 1 
gross 1 
space 
occupied 
by 

packing 

1 

Sq.ft ■ 
exposed i 
per cub ft. j 
;ro3B space 
to leave 

80 p.c. 
free space 

0-452 • 
0-362 

54*8 

03-8 

46-21 

36-2/ 

36-6 j 

0-188 

0-132 

0-538 

81-2 

86-8 

46-2 

18-8 

13-2 

63-8 

23-4 ' 

18-4 

18-3 

0-489 

51-1 

48-9 

17-1 

0-262 

73-8 

26-2 

16-0 

. 0-0606 

0-0432 

kr 

|| 89-& 

1 

10-4 1 

9-33 

3-78 

0-104 

1 

1 _ 

_ 

13-11 


Many proposals have b“n rna^e to ca^y out, I^^me ^coWed.*^Hausser 


* Al 
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re*oxi(lfttion of the NO produced in the inter¬ 
action between NOj and water by causing the 
gas to traverse a long path dfter each absorption. 
Engels and i)urre (I). K. 22lK)9(), 1908) pass 
gases containing not Jess than 50 p.c. of NjOg 
through a series of towers fed with water and 
add air in portions to each tower. Naville and 
Guye (Eng. Pat. G155, 1908) allow oxides of 
nitrogen containing fully oxidised NOj to react 
with water until about two-thirds lA the oxides 
are removed. The residual gas, containing NO, 
11 then dried, say, by cooling, and allowed to 
r^xidise completely m an entity chamber out 
of contact with water. The fully oxidised gas 
is again brought in contact with water until 
another tw'O-thirds is absorbed, and the process 
repeated. Meister, Luciu.s and Bruning (Eng. 
Pat. 19032, 1911) use eoniprcHsed oxygen instcail 
of air m operating acid elevators, l^e ga.s from 
the elevators being intiodueed into the towers. 
The Norsk Hydro (ICng. I’at. 100099, 1917) 
effect absorption under piessure, when the 
volume IS reduced propoitionally to Ibc square 
of the pressure (rj. Naville and (Oiye, Fr. Pats. 
385509 and 385005, 1908, in which abK<ir£)tion of 
arc furnace ga.s under pres.sui'c is said to give 95 
p.<-. HNOj directly). Ihugius (D. K. Amii. Ji. 
«53()17) compre.ssc.s oxides of nitrogen to 26 atm., 
adds steam, and ex]»ands suddenly into a 
chamber, when nitric acid ih sax! to Ik; obtained. 
An interesting method is dcvseiibed by Moscicki 
{Eng. Pat. 17355, 1911), w ho causes the liquid 
to pass down the towers inleniiittently, so that 
the packing is periodically W'etted. 'J’he absorp¬ 
tion apparatus coinpi isi'.s rectangular chainbeis 
built into one block, the dividing w'alls being 
pierced with small holes. Alternate chambers 
are packed and empty. The width of each 
chamber is only 15-30 cm., and the gas flows at 
the rate of about 4 mii. per second horizontally 
through the apparafiis. The absorbing 
chambers are llocKled iutennitlcutly with liquid, 
which is allowed to dram oJT, and elevatc-d to the 
top of the next chamber in o])}M) 8 ition to the 
motion of the gas. 

An alternative method of absorjition is that 
proposed by A. Schloesing (Fr. Pat. 46(1328, 
1912), in which quicklime in the form of bri¬ 
quettes is treated with the hot furnace gases for 
some days. Calcium nitrate and nitrite are firat 
formed, but under the inlluejjfce of tl^) air and 
nitrous gases the mtrite is ultimately completely 
converted into nitrate, obtained in a solid f^rm. 
In this connection the observations t>^ Oswald 
(Ann. (Jhim, 1914, [ix] 1,32) are of interest. This 
experimenter found that on pas.sing nitrogen c|^- 
oxido over hot lime, a losstif 20 p.e. of oombined 
nitrogen occurred. Oswald represents this ly 
the equation: 2 Ca 0 -}- 5 N 0 j= 2 (’a(N 03 ) 2 +N. 

According to Schloesing, with the very dilute 
asos from arc furnaces, there is no 108 s of com¬ 
ined nitrogen. Po^ibly the more dilute gas 
used by Schloesing, and his special preparation 
of the lime, may account for the different result. 
The inventor Jays great stress on the preparation 
of the lime briquettes. Quicklime obtained by 
burning soft chalk is .slaked, the hydrate .is 
ressed into briquettes, and the latter are de- 
ydrated at as low a temperature as possible, say 
600^. The gas must be dry and free from carbon 
dioxide, and is nassed over the lime in lagged iaon 
retorts at 300^-400®. J. R. Partington and 


E. Whitworth find that, with specially prepared 
lime, loss of nitrogen does not occur, and com¬ 
plete ^conversion to nitrate may be attained, 
with dilute gases. Trials of the process on a 
fairly large scale were made at Notodden, and 
the results w'ero slated to be safisfactoiy. The 
product cfntaiiis about 14 p.c. of combined 
nitrogen, and 12-13 p.c, of free iiqic. The 
process is not worked at present. 

The Oxidation of Ammonia. 

• 

Jn 1788 the Kev. T. Milner found that 
ammonia gas is ^ixidiled to nitric acid when 
pa?ised ovei heated manganoso dioxide, and Black 
(Lectures on Chemistry, 1803, p]). 245, 455; 
Nature, 1922, 109, 137) states that the process 
was used by the French on tlic large scale during 
the NaiKileonio wars for tlu* nianufacluro of 
saltpetre. This ob 8 «;rvatioii was followed by tbo 
better known researches of KuJilmaiin, of Lille, 
who in 1839 (Liebig’s AniiaJen, 1839, 29, 280) 
observed that when a mixture of ammonia and 
air i.H passed over platinum sponge heated to about 
300'^ the jilatinuin eontinui's to glow and red 
fumes of oxides of nitrogen are formed. A slight 
reaction was noticed when lh<' gas was passed 
through an empty heated jjoreelain tube, Kuhl- 
maim also found that }»latinuni black is less 
efficient than platinum sfirtiige, copper, nickel, 
iron, and copper hydroxide; being still less active; 
he also found that cyanogen and hydrocy amc acid 
are very readily oxidised—an obseivation con- 
Jirmed by Moldenhauer and VVelii'lieim (Zeitsch. 
angew. (^’liem. J9J4, 27, 334). Kraut (Amialon, 
1865, J3(), 69) noticed that rod fumes, with 
intermittent explosions, rc'sult when a hot 
platinum spiral is hung inside a flask containing 
ammonia solution through which oxygen is 
passed. Cliromiiini oxide and chromates were * 
]>ropo 8 ed as catalysts for the oxidation of 
aminonia by Aubertin (Eng. Bat. 1181, 1871); 
du Motay (Eng. Pat. 491, 1871) used man- 
ganates, nermaiiganutes, bichromates, and alkali 
plumbitCT. Sodium maiiganalc was also used 
by Schwarz (Bingl. poly. J. 1875, 2J8, 219); 
Aiarston (Eng. Pat. 19074, 1900) used copper. 
'Jibe formation of fumes*of ammonium nitrite 
and nitrate on passing ammonia and air over 
platinised asbestos heated to redness was 
described by Warren (Chem. News* 1891,63,290). 
The yield of oxides of nitrogen with platinised 
asbestos as catalyst was investigated by Schmidt 
and Bocker (Bcr. 1906, 39, 1360); the yields 
with various catalysts were determined by 
Neumann and Ro.se (Zeitsch. angew. Chem. 

1920, 33, 41, 61). Meninghini (Gazz. chim. ilal. 
1912,42, i, 126; 1913,43, i, 81) and Reindft’s and 
Cats (Chem. Weckblad. 1912, 9, 47) investigated 
oxides as catalysts. The use of platinised glazed 
porcelain w^as pateatqd by Schick (Eng. Pat. 
13964, 1907); this is described as having a 
longer life than platinum sponge (m also Taliani, 
.Giornale di Cbimica Industrialc ed Applicata, 

1921, 408). F. Bayer & Co. pass ammonia and 
air at 600®-700'^ over a catalyst containing oxide 
of iron and ‘ promoters ’ (Eng. Pat. 18694,1903). 
The Badische Co. propose the ijse of oxides of 
the iron group, the catalyi^ boiBi|iljt|ie form of 
lumps or pieces (Eng. Pats. I3w7,) 11114; 7651, 
13298,4916; cj. Partington and RSdoal, Eng. 
Pat. 135224, 1947; Maxted, J. Soc. Chem. 

• 
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Ind. 1917, 36, 777). Tho use of oxide of iron j supplied all requirements in nitric acid and 
with bismuth oxide (Eng. Pat. 13848, 1914), or ! ammonium nitrate. 

tellurium (Eng. Pat. 13297, 1915), or plat;inum ^ The Ostwald converter consists of two 
and load (Eng. Pats. 13297, 13299, 1916) is pro-I vertical concentric tubes, acting as a heat 
posed by the same firm. Frank and Caro ' exchanger. Tho heat evolved in the reaction 
(I). R. P. 22432!)) advise ceriafrand thoria (which , raises the temperature of the gases, which pass 
J. R. Partington has found ineftieieitt); Jones, | down tho inside of tho inner tube. The heat is 
Morton, tpid Terziev use plumbitcs of aluminium, ' transmitted through tho walls of this tube to the 
zinc, or cadmium (U.S. Pat. 10372G1, 1912); ‘mixture of air and ammonia, which passes up 
Parsons (U.S. Pat. 1230125, 1917) mentions the annular space between the tubes to the 

catalyst, which is placed at the top of the inner 
tube. The temperature of the catalyst is thus 
maintained at without heating fropi 

outside. The external tube is of iron, enamelled 
on the inside, the inner tube being of nickel, 
3‘.5 m. long, 63 mm. diameter, and 1 mm. thick. 
The iron tube is 100 mm. internal diameter and 
is only 3'25 ni. long, so that the nickel tube 
protrudes below 25 om. This is prolonged by an 
aluminium lube, iii which the gas cools to 200°- 
279"^ before passing into a large nJuminium main 
eolleetmg the products of several converters. 
The iron tube is lagged outside to hinder 
radiation. 

The catalyst is prepared by taking two strips 
of ]>latinuni toil, 2 em. wide and O'Ol mm. thick, 
crinkling one into ridges 1 mm. a])art, laying 
this on the other Hat strip, and rolling the two 
into a circular jiad 66 mm. diameter, weighing 
mediate coiufiound.s such a3N(OH)3havc been ,50 grma. The ajijiearance of tlie catalyst then 
postulated, but nothing definite IS known beyond I resembles the corrugated cardboard used for 
the fact that nitric oxide is the first ascertainable packinc. At tlie top of the nickel tube and 
product of the oxidation. insuh' it .are lugs, on which the roll of platinum 

A technical plant based on Ostwald’s in- rests. 'I’he outer iron tube is elobcd at the top 
veatigalions was erected in 1901) at thcj works of i by a hinged lid, with a mica ins])eetioii window 
the Lothringian Colliery Co. at Gerthe, near ^ through which the tem]ioratiire of the catalyst 
Bochum, which ])rodiiced more than 1800 tons may be observed. The activity of the jdatinum 
of ammonium nitrate per annum ((.'. Trade J. ; increases rapidly with use for some hours. It 
^ 1915, 56, 553). The patents were taken over then slowly falls off and the catalyst requires 
by the Nitrogen Products Co., who erected renewal after three n^ionths. The platinum 
factories at Vilvorde m Belgium and Dagenham when taken out is found to be encrusted with 
in England. The original Ostwald process has dust, changed by impurities in the gas, or 
been m operation fur many years and, with crystallised by the high temperature used. The 
suitable precautions, gives yields of 8(^796 p.c. activation of the platinum dejiends on a peculiar 
of the theoretical. physical change (Rideal and Taylor, Catalysis, 

The ammonia oxidation process in the 1919, p. 97); the metal swells up into micro- 
Ostwald form was largely used in France during acojuc efflorescences, probably owing to solution 
the war, the ammonia being derived froia of gas and subsequent expulsion, 
oyanannde. The first works were installed at Each converter unit jiroduees 100 kg. nitric 
the Poudrerio pationalo d’Angouleme. Carbide adid per 24 hours. The mixture of air and 
was imported from Switzerland and converted ; ammonia ( should ,contain about 8*6 p.c. of 
into cyanamide, nitrogen being obtained by the ; ammonia by volume. Tho proportions of air 
Claude process at Martigny, Notre-Dame de and ^ammonia may be determined by Venturi 
Brian 90 ii, and especially licllogarde. FroAi meters ;(!i before passing to tho converter the 
26.50 to 3500 tons of cyanamide per month were two gases should be thoroughly mixed by 
delivered at Angoulftrae. The first oxidation ; possing through a tower with baffles oc otherwise, 
plants were operating in the autumn of 1916, i Tlie gas should also bd filtered from dust, since 
and tne whole were in operation in 1917. In j oliido of iron acts very prejudicially on the 
1917 it was decided to erect factories for making ; catalyst. 

SOfHoas of nitric acid and 160 tons of ammonium At the AngoulGnle works there are 864 
nitrate per day by tho oxidation of ammonia, converters,* arranged in three batteries of 
This programme required 800 tons of calcium 6 rows of 48 units. Th*e appearance of the 
carbide per day and 126,000 kw. Water power converter hou^e is reminiscent of a small forest, 
of tho Pyrenees, Central France, and the Alps, Tho ammonia gas is taken from a balancing 
and even central steam power plants at Nanterro holder of 300 cu. ra. capacity by a 3 h.p. fan, 
and Carmaux were brought into requisition, the air is introduced by a 17 h.p. fan. 

The most important works was at Lannemczaii * At the newer worka at Bassens the air is 
(60,000 kw.), and new oxidation works were taken in by suction through filters composed 
installed at Toulouse, Bassens, Sorgues, and of thin rectangular boxes with flannel sides by 
Saint-Chemas. Toulouse and Bassens had ' means of two blowers delivering 7000 cu. m. 
begun to operate at the armistice, the* others j pcfrhour each. The air and anfmonia gas are 
were nearly finished. These Vorks would have j mixed in a vertical cylindrical iron mixer, 


leaa oxiae supported on oone-asti at juw . i 
This list does not exhaust Hhe catalysts pro- i 
posed. , I 

The conditions for obtaining a practical 1 
yield with platinum were inve.stigaiod by i 
Ostwald and Braucr in 1900; the method is! 
described in Eng. Pais. 698, 8300, 1902, and | 
7909, 1908 ; a German ]>atent was not granted i 
on account of the’prior work of Kuhlinann. It ! 
was found that the gas must be ])a88ed rajiidly ■ 
over the catalyst, otherwise the ammonia is i 
largely burnt to elementary nitrogen : 

2NH3+3O, = 2N^-f6H,0. | 

Under suitable conditions, however, W'ell over [ 
90 p.c. of the ammonia may be oxidised to nitric 
oxide: 4NU;,-fr)02- 4NO-f61l20. The i 

mechanism of the reaction has been discussed by | 
McndelcefT and (ptfiors; hypothetical inter- c 
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6 feet in diameter and 20 feet high, containing 
baffle plates, with two inlets placed tangentially 
at the bottom and an outlet at the top. 
The mixture contains 1 vol. NHg to 11 vols. 
air. 

The converters are arranged on a floor above 
in 8 groups of 0 to form a battery: 

000000 000000 000000 000000 

000000 000000 000000 000000 

• Each half of the battery has its own inlet and 
outlet mains. Twelve batteries of 48 units are 
aAanged in one house, and 12 in a second house, 
each being served by a separate gasholder for ; 
ammonia. i 

The oxidised gas from each main coming from j 
24 converters enters by aluminium mams at ; 
about 200®C. 2 large U-tubos of silicon-iron, 18 ; 
inches diameter and 20 feet high, witfti 2 vortical ; 
outlets below. These tubes ai*c cooled by a i 
shower of water and the gas leaves at 80'^C. : 
It then passes to a aeries of pottery U-tubes, j 
about 18 inches diameter, placed in a water- 
bath with partitions to cause circulation of | 
cooling water. Inside the (J-tubes are vitreosil 
tubes closed at tlic bottom, acting as Hough’s 
condensers, about 0 inches diameter and l(i lect 
long. Beyond these h U-tubes arc 17 U-tuhes, 
with internal cooling but exposed to tJie air. 
The water from the internal coolers of these 
passes to the trough of the first (> tubes. ’I'ho 
outlets from 4 batteries of tubes are joined 
in a rectangular trough of volvic lava, from 
which a single 24 -inch pottery main leads the 
gas, cooled to 40''X!., to a set of fi absorption 
towers, 1 set of towers to 4 siuui-battcries of 
24 converters each, or 3fi towers in all. Pre¬ 
ceding each set of 0 towers are 4 empty oxidation 
towers in parallel, consisting of stoneware 
pipes, 18 niches diamtJter and 20 fei't high. 
Owing to the heat of oxidation of the NO the 
gas leaving these towers is still at 40'^C. 

The absorption towers ar<i of acid-resisting 
brick laid in sihcate and sand mortar with iron j 
strengthening bands. They are 4 m. internal | 
diameter and 12'5 m. high. Joints are made with 
a soft mixture of asbestos, sulphur, and tallow. 
The gas passes into the bottom of each toworf 
down through an internal pottery pipe of 
inches diameter to the bottom of next j 
tower. The packing is of Quartz lumps, all | 
the same size, 6 inches diameter. The gas 
pressure is 0 to 7 cm. of water at the enti^ to | 
the towers. Acid is circulated in each ifiwer by | 
two Kestner automatic montejus per tower, • 
delivering to tlio tops oj the tow^ers throu^i ■ 
aluminium pipes 2 inches diameter. Th^! 
circulation of acid per tower is 5000 htres per j 
hour. Towers 1 to 3 are cooled by passing the 
acid leaving thorn in a shower over a«battery of ' 
glass tubes enclosed i»a box of volvic lava with ' 
cold water running through the tubes. The 
reaction is intense in the third toifor. Tlie final j 
acid is 33°B6. The exit gas from the towers ! 
contains 4 grms. NO per cu. m. ■ 

The process of ammonia oxidation in which j 
platinum is used as a *catalyst has .been coA- 
siderably improved in recent years. The im-1 
provementa are mainly in the direction of: 
yafTig platinum wire gauze instead of foil,'a,|id j 
in replacing t8e niclcel tubes, with a small j 
output per unit, by cheaper and more convenient I 


converters of aluminium or enamelled iron of 
much greater output per unit or per gramme of 
platiitum. 

The use of a single layer of electrically heated 
platinum gauze a catalyst for the oxidation 
of ammonia was described by Frank and Caro 
{see. Schujmaus, Metall und Erz, 1916, 13, 21) 
and by Landis (U.S. Pats. 1193790 to*1193800, 
1910; Chein. & Met. Eng. 1019, 20, 470; on 
tho construction of catalysts, see Oxidation of 
Ammonia, Munitions Inventions department, 
Stationery Ofiico, 1019; and A. A. Campbell, 

J. Ind. Eng. Chom. 19*0, 11, 408). 

• The basis of all the recent improvements is 
to be found in tho patent of Kaiser (Eng. Pats. 
20325, 1910; 24035, 1911; T). R. P. 271517, 
1014), who proposed the use of several superposed 
line platmura or iridium gauze* in close contact, 
the mixture of air and ammonia gas being jire- 
heated, before passing to the catalyst, to 300'^- 
400'’. In this way a very rapic* stream of gas 
may be passed through tht‘ apparatus and tho 
output correspondingly increased. 

in March 1017 J. K. Partington, in the course 
of experiments earned out for the Munitions 
1 nventions department, found that two platinum 
gauzes could be used, tho lower one heated 
electrically and separated from the upper gauze 
by aili(\a rods of small diameter. There was no 
marked improvement in the yield if more gauzes 
were added. Unless electrical heating or pre¬ 
heating of the gases is used the yield drops from 
02-95 p.c. to about 85 p.c. even if four gauzes 
arc used. The question of using gauzes in close 
contact, or slightly separated as m the above 
typo of catalyst, has been much discussed. So 
far as experiments go there appears to be little 
difference, although the sciJarated gauze type 
has recently been claimed to bo more efficient« 
(Perloy, J. Ind. Eng. Chem. 1920, 12, 6 , 110; 
Met. & Chem. Eng. 1020, 22, 125). 

The size of the modern converters is very 
small in comparison with tho output attained. 
Thus, aftonvorter of cross-section 4 inches by 
0 inches, with two gauzes, is sufficient to supply 
all the oxides of nitrogen required to replace 
tjje nitro pots in a large chamber plant. This 
is a convenient size for a unit, although larger 
sizes, with 1 or 2 square feet cross-section, have 
been operated. The output of *16 kg. HNOj 
per grm. platinum per 24 hours corresponds 
with an output of 1*5 tons HNO 3 per square foot 
cQnvorter cross-section (i.c. 2 square feet total 
fjame area) per 24 hours (J. Boc. (ffiem. Ind. 
1918, 37,337 R). For further details the reader 
is referred to the pamphlet on The Oxidation of 
Ammonia Applied to Vitriol Chamber I^ants, 
H.M. Stationery Office, 1919. 

A much higher rate of conversion has been 
attained in the mo^ recent type of convert 
protected by J. K. * Partington (U.S. Pat. 
J37827I, 1921). This contains 2 gauzes in 
contact, and the arrangement is otherwise tho 
same, but tho air was replaced by oxygen. 
Pure oxygen and ammonia gas form dangerously 
explosive mixtures until the ratio 1 vo\ NH 3 to 
3‘.5 vols. oxygon has been exceeded. But by 
mixing steam with the gases to damp down the 
explosion, and preheating*to 600°, an almost 
quantitative conversion is obtained. The correct 
proportion of steyn is formed by volatilising 
concentrated ammonja liquor {sp.gr. 0 * 88 ) 
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completely in a current of oxygen sufficient 
to oxidise the ammonia completely to nitric 
acid. The products of combustion maf/ then 
be condensed directly by 
cooling t« fairly concentrated 
nitric acid, witho^it the ncces- 
sity of using the absorption 
t<iwerf< required in the ordi¬ 
nary process. In view of the 
larg<- amounts of oxygen ob¬ 
tained as a by-product in the 
preparation of nitrogen from 
the'air l^y the rtM-tihcation 
j)rocesH,tlus rm^thod of oxida¬ 
tion seems to offer special 
advantages. 

The Munitions Inventions 
Dejiartment appai’atus is 
shown in Fig. 9. It con8ist.s 
of a fop and bottom cone 
(Fig. 1(»), Willi rectangular 
body ])ie(a'S between, all in 
cast aluminium ?; inch thi<-k. 
Three body pieces are shown, 
blit later cxjicriment-M have 
shown that two, or even one, 
will suffice. Tile an‘a in.side 
IS -1 inches by b inches. 'J'lie 
'piciH's are provided with 
ilanges, j inch wide to facili¬ 
tate bolting together, and 
peiforated baffles of sheet 
ahimmium are inserted be- 

Amn.onUv OxWatlon ' In' 

Converter ut the junction tietweeii the 

(From I‘„rt,wim's t'M' '""l.V I'"'':'’; 

'Te.rtlMH)k of In- whuhisoccnpied byaspeinal 
oruomc Chnnixfr)/’ catalvsl (Fig 11) of two 
’ hiyer.M of jdatmum gauze, of 
pure jdatimim wire ()-0()25 
inch diameter, woven in uniform mesh with 8(i 
strands to the linear inclj. 

Tlie air and ammonia mixture passing to the 
converter, in the proportion of 1 vpl. of ammonia 
to 7’5 vols. of air, is most conveniently obtained 
by blowing air through 25 p.c. pure ainmoma 
liquor in a coke towci (Fig. 12), and dnviiig <ijff 
the ammonia by admitting a little steam at the 
base of the tower. Before entering the con¬ 
verter, the gks must be filtered, as traces of 
oxide of iron, present in dust, ‘ poison ’ 
the platinum and render it inactive. 

The converter is started by heating 
the gauzes electrically, or with a Bunsen 
torch inserted beneath the catalyst. 

When reaction begins, it continues un- 
interi*aptedly without cxteiiial heating. 

It is desirable to take out the platinum 
gauges about once every two or three months, 
and clean them by boiling with concentrated 
hydrochloric acid. After six or eight months' 
use the platinum begins to disintegrate, and is 
replaced by a new gauze. Perfectly new gauze 
is not very active, but rapidly becomes activated 
after a day’s use. Activated gauzes may be 
stored in a plae^ quite free from dust. 

The output per square foot of catalyst sur¬ 
face (2 gauzes) is equivalent to 1*5 tons of 
nitric acid per 24 hours. The gases from the 
converter are cooled in silica S-pipes ^exposed 
to air, and may then pass div^^tly to the Glover 
tower or other part oi thf vitriol plaqt. 


An improvement in the yield is attained by 
preheating the gases to about 400°-f)00'^C. 
before th^ converter. 

Enamelled iron converters, made by the 
Cannon Iron Foundries, Deeplields, Staffs., have 
also jirovcd entirely satisfactory. A recent type 
of converter is described by C. S. Imison and 


Fid. !). 



Fj*'. H). 

Cone of Ammonia Oxidation Converter. 

W. Russell (J. Soc. Chem. bid. 1922, 41, 37 T), 
and IS usc<J by the Ihiitcd Alkali Co. The gases 
are jireheated by utilising the heat of the re¬ 
action itself, I'he converter is of iron, protected 
^by enamel or by painting with sodium silicate 



Fio. 11. 

f 

Catalyst for Ammonia Oxidation. 

solution and barium sulphate. This type of 
apparatus is a distinct improvement on other 
designs. 

Parsons and Jones (J. Ind. Eng. Chem. 
1919, 11, 541 i Eng. Pat. 132561, 1918) use 4 
laye^ of platinum gauze, 0’0020 inch diameter 
wire and 80 mesh, in close contact. The catalyst 
is cylindrical, closed at the bottom with a silica 
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plate, and hangs inside a chamber lined with i J. Ind. Eng. Chem. 1920, *12, 6, 119) describes 
gmzed bnoks. No preheating of the gas is used, i a new form of intcrohanger. A cylindrical 
tne heat radiated frohi the gauze and walla of ! 4-lay«r gauze is used. The ooiiTersion efficiency 
the chamber sufficing. The yield is said to be | is said to be 96 p.o.; 100 lbs. of ammonia are 
yu to 91 p.c., and 70 lbs. of ammonia are oxidised ! oxidised per 24 hours per oz. of platinum. The 
per oz. of platinum in 24 hours. This ai)paratu8 j "ases are prehoatid to BOO^C. •by mixing pre- 
does not appear to have been in use on tho large j heated aii#with ammonia gas in an iron pipe 

: lined with silica. The same author states that 
rerley (Chem. & Met. Eng. 1920, 22, 125 ; very small amounts of phosphine are detri* 


To Converter' 



deepICdie 
pecked mth 
gles5 wool 
Safety 
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Thermom^ 
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^’/a’Tubing 
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Cast Iron 
Water Lute 
4 Bhtv off 
for Air. 



mental ; this impurity, which majf be present 
in cyanamide ammonia, may bo removed 
(Parsons and Jones, Eng. Pat. ^16342, 1920) by 
passing the mixture of ammonia and air, heated 
to SO^-OO^O. over a catalyst composed of ‘ a 
metal of the silver group * on a support of 
oarbonised cellulose ibro. Ammonium phos¬ 
phate is formed, which is retaiflcd by the 
carbon. Taylor and Capps (J. Ind. Eng. Chem. 
1918, 10, 467) state that acetylene present 
to the extend of 0’02 p.c. reduces the ^ield I 
from 95 p.c. to 89 p.c., and Od p.c, to I 


05 p.c. Later {ibid^ 1919, 11, 27) they find that 
phosphine is very harmful; 2 to 3 parts per 
million reduce the yield several p.c. The effect 
of acetylene is probably due to phosphine as 
impurity. Becarri^ro (Compt. rend. 1921, 172, 
1003 ; 173, 148; 1922, 174, 400, 760) finds that 
small amounts of hydrogen (0*44-p.c. by vol.) 
slightly increase tho activity of the platinum 
catalyst, but larger amounts (1 0-1 *6 p. c.) slightly 
reduce it. Hydrogen sulpUde lowers the activity, 
the effect depending on the concentration rather 
than on the t<Aal amount which has passed 
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over tke catalyst. Acetylene causes, during gauze catalyst of 20 inches diameter, or 2 12 
the first few miautes, a alight rise in the yield, square feet cross section. The maximum output 
followed by a fall which is proportional ip the of each converter was I'S tons of nitric acid per 
absoidte amount of impurity which has passed 24 hours, the eificieucy of oxidation 
rather than to the concentration, and continues 86 P-o. The efficiency from ammoma to dilute 
even when purd gases are theli used. Hydrogen acid (including the efficiency of the absorption 
phosphide, even to the extent of 0-fOU02 p.c., plant) was 87 p.c., that from ammonia to strong 
reduces the yield 30 p c., and with 0-02 p.c. the acid (including the concentrating plant) was 
yield falls from93 8p.c. to3'9p.c Theaetivity 84 p.c. The body of the converter (I'lg. 13) 
is regenerated when the impurity is removed, consists of cast iron, in four sections with 
The presence of fl^.S counteracts the injurious flanges. The two middle sections were. IH inchej, 
effects of GjHj and PJlj. ^ and 12 inches high, and supported the catalyst 

The ammoma oxidation plant of the Hbchst between them ; the conical top and ^bottom 
Parbwerkc {voriiials Mcislcr, Lucius uiid Hrm- pieces were each 3 feet U inches high. The top 


ing) (J. Soc. Ohem. Ind., 1921, 4(1, 18.5 R) 
is situated at Hochat, on the right bank of 
the Main about 10 miles from Mainz. It is 
about 2 miles from the works of the Gries- 
hoim Elcktron Oo., with which, however, it 
has no connection. Duimg the war an amalga* 
mation with the Badischc interests took place, 
synthetic ammoma from Oppau being supjilied 
to Hbchst for oxidation (■.'fee p. 571). There was 
before the war an oxidation plant at Hochst, 
comprising H7 convertors filtccl with circular 
platinum gauzes about 7*2 inches diameter, 
contained in vessels similar to those used for 
contact sulphuric acid. 'Phe efhciency of this 
plant, which produced about 54,000 tons of 
nitric acid per annum, was not aliove SO p.c., 
and a new plant, completed in February 1010, 
was erected in its place at a cost of about 
£1,000,000. This plant has a capacity of 
24,000 tons of ammonia, or 140,000 tons of 
nitric acid, per annum. 

In adihtion to synthetic ammonia, arriving 
as 25-27 p.c. liquor from Oppau, gas liquor 
ammonia (20 p.c. NII^), and cyariamido am¬ 
monia liquor (22-27 pc.) from Kna})sack (see 
^p. 579) were received, the liquor being stored in 
4 overhead sjiherical steel tanks, each of 204,200 
gallons capacity. The liquor was rectified in ! 
4 stills, 1 H^iarc, of the Savalle tyjjo with 15 
effects, each with a capacity of 20 ,tons of 
ammoma daily. The gas not used for oxidation 
was absorbed in a plate tower 30-40 feet high. 
Ammonia from gas lipuor was scrubbed with 
caustic soda solution of 48^-53'^ Tw. and thert' 
passed through charcoal purifiers in the usual 
way to remove^ suljihur compounds. The am- 
‘ moma gas from the stills was freed from moisture 
by refrigeration with ice-cold water; the presence 
of moisture caused scaling of the iron pijics 
and was also behoved to be prejudicial to tlie 
conversion, although there is no evidence of 
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The ammonia gas and air were metered '' Ammonia Oxidation. Converter at HOchst. 

througli' Venturi meters and driven by ten ' . 7 i . ± ^ u 

66 kw. centrifugal blowers to the filters and cone was lined with sheet nickel to protect it 
convertors. The mixture contained 12-6 p.c. from the hot gas. The catalyst, clamped 
by volume of ammonia,* regulated within between asbestos rings, w^s started by heat* 
narrow limits. The ammonia supply pipe was ing to redness by a hydrogen or coal-gas flame 
6 inches diameter and the air pipe 18 inches inserted below ;t through a lighting hole shown 
diameter. The air was filtered through cloths in the figure.- ^ * i * i. 

in a wooden box and the mixed gas was care- The exact construction of the catalyst nas 
fully filtered from dust and ammonium salt been differently stated. It has been asserted 
fumes through 8 layers of linen cloth in chambers that it consists of 2, 3, or 4 platinum 
9 feet by 5 feet. 20 inches diameter, of 0*06 mm. wire with 80 

The gas passed und-^r G inches water pressure meshes to the linear inch. The gauzes are 
through two central mains in the converter house, possibly spot-welded, and are supported on a 
from which it was diverted to the 22^ con- grid of 10 stout platinum wires, 1mm-diameter, 
verters, each provided with a iSircular platinum spaced at 10 cm. distance. The total weight ot 
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platinuni in the catalyst has been stated as 
333 grm8„ which does not agree very well with 
the details of construction, but is probably 
approximately correct. 

The converters were arranged in 2 sets of 

7 or 8 on each side of separate inlet and outlet 
mains, the latter 1 foot in diameter and con* 
nectod with the converters by 4>iuch pipes, 
lagged with diatoraite brick shaped to fit, 
cemented and wired. The upper bond pipe of 

(the converter was not lagged, so as to allow for 
expansion. Before entering the converters the 
gas passed from a common main to a vertical, 
lagged, multitubular preheater, 16 feet by 
6 feet external dimensions, in which it was 
heated by steam. The purpose of this was to 
prevent condensation of acid from the liot gases 
coming from the converter when these were 
passed through the heat exclmiger which 
followed. In this, which was identical in 
dimensions with the preheater, the warmed 
gas passed in counter current to the ga.s from 
the converters, and left at 20(>^G. I’wo heaters 
so arranged served 14 converters. Tlu^ tem¬ 
perature of the catalyst w.as about 800^; lh» 
gas loft the converter at ()5()'^-7h0°. In starting 
the convertors extra air could be added and the 
only partly converted exit gas by-jiassed to a 
chimney until the gauze was activated, (late 
valves wore used, with a shglit air pressure on 
the side of tlio valve not in contai^t with the 
gases, to prevent leakage. In 60 of the latest 
type of converters, the gas was passed by a 
lagged 3-feet main through 2 tubular boilers, 
leaving these at 270'^ to the heat exchanger. 
In this way 4 tons of water were evaporated 
per hour and the steam was used for warm¬ 
ing the gas, as doscribe'd above. From 1 to 
3 men only arc necessary to look after all the 
converters. ^ 

The gases containing nitric oxide and steam 
coming from the converters were passed through 

8 cast-iron mains 18 inches diameter, supported 
on 3 ferro-concrete liridgos, to 4 rows of 8 
absorption towers. Each row of towers was 
provided with 12 intensive coolers of special 
design, i.c. 48 coolers in all. Those coolers 
(Fig. 14) were of aluminium, with an annular 
space between the outer wall and an iijner 
vessel, the gas entering above through 4 intets. 
In them, on account of th<^rapidity»wiUi which 
the gas passed through, practically no acid was 
condensed, but only wat-er. The conden^te was 
put down the fifth absorption tow5r» The gas 
left the set of 4 coolers at' 30°G. through 4 
pottery mains 1 fool diameter, joining a 
single brick chamber a# the base of each set of 
8 towers attached to 56 converters. Seconckiry 
air was admitted at this point (not before the 
coolers). 

The towers are 41 feet high^nd 21 feet 
diameter, internallj^ The walls comprise 3 layers 
of brickwork, the outer layer bricks 6 inches 
by 4 inches, set in a mixtuVo of sodium silicate 
and kieselguhr. I'ho top of the tower is slightly 
domed and there is a central partition in each 
tower, the gas passing up one side and down the 
other, and then going to the next tower through 
a brick channel at the base. The towers are 
packed with stoneware rings. The total internal 
volume of |ll the towers is 35,320 cu* feet, 
which amounts to only 81 cu. feet per lb. NO* 


absorbed per minute as!compared with 360 
ou. feet calculated by the formula proposed 
by J. R. Partington and L. H. Parker 
(p. w4), or 1500 cu. feet as used at the French 
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AliiiniiiiUD) CcKilei. 

tower eajiaeity is cffeclivc- is clear when it 
18 romornbered that at ^Tochst no less than 
25 j).e. of the oxidi's were absorbed as nitrate by 
saturated sodium carbonate solution fed to the 
laat two tow'crs. 'rhe liquor in the first of these 
tourers is allowed to become acid, so that the 
nitrite is converted into nitrate, whilst that in 
the second is kept alkaline, to absorb the oxides 
of nitrogen driven out of the first when con¬ 
version mio nitrate occurs {see p. 604; Eng. 
Pat. 129609, 1919, of Partington and Rideal). 
The solution of nitrate was evaporated by tbP 
waste heat of the converters. The remaining 
towers w'crc fed with water for the production 
of nitric acid. The efficiency of absorjition 
plant was 97 p.c. Each tower is stated to have 
cost 4(^000 marks. Acid of 50 j).c. strength was 
obtained from the first tower of the series, the 
liquid being circulated in the towers by 8-inch 
•chrome steel centrifugal pumps each fed by a 
3-4-inch pottery mam and delivering through 
a silicon-iron pipe of the same diameter to the 
top of the tower, two delivery^iipes being used 
to each tower. The metal pipes were coned and 
fitted in the same w^ay as the pottery pipes. 
•Acid distribution was effected at the top of the 
tower by a revolving ribbed disc, turned by a 
gear shaft at 80 revs, per minute. 

The acid from the towers was passed to the 
coolers, consisting of S-pipes of siJIcon-iron 
cooled externally with water. There were also 
intercoolers between each pair of towers ^xcept 
the last, and the iejnpcrature was kept as low 
as possible, 25X’. in winter and 40'''C. in summer. 
The fact that the dilute acid towers would 
probably work slightly better if warm {set 
Partington and Parker, l.c.) does not seem 
to have been appreciated. In summer iced 
water was used in the coolers. Large stoneware 
receivers were placed above the coolers to serve 
as acid reservoirs. Tjie circulation in each 
tower was 110 gallons per minute; the loss 
of V'id in the whole system did not exceed 
2 p.c. 




602 


NITROGEN, ATMOSPHERIC, UTILISATION OP. 


Twelve stock tanll s of brickwork, each hold¬ 
ing 1412 ou. feet, received the tower acid, 
from the receivers at the base of the tawers, 
through tapered pottery pipes. No fan was used 
with the towers. 

The tower aCid was concehtrated by mixing 
1 part of 60 p.c. tnw(‘r acid with f- ])art8 of 
sulphuric acid, in 6 mixing vessels with 
mechanical stirrers, and then denitrating. About 
42,000 tons of sulpliurie acid were used per 
month, but jiraetically all’was ro(;overed. (In 
Prance, 2'6-;i parts of siflplmnc acid only 
were used, but the nitric acid ohtainod was of 
86 p.c. strength, as compared with a mo^e 
concentratt'd acid obtained at IIo<;hst.) Tlie 
nitric acid was recovered jiarlly in 2 rows of 
9 silicon-iron towers, 4 feet diametcT and 26 feel 
high, and partly in stone to\v<TH. with east-iron 
pipe jackets, S6 f^et high and feet 0 inches 
external diameter, tlie, walls heiiig 9 inches 
thick. Steam at J5()X\ was introduced at the 
base by a 1-incn lead pipe just above the exit 
for the denitrak'd acid. The mtnc acid vajxiur 
from the top of the denitrator pa8sc<l to a cooler 
of S-shaped silieon-iron pipes. 'I'Ik' acid to be 
denitrated entered half-way down the cooler, 
and acid from stock was sent down the upper 
part to assist condensation. Oxifles of nitrogen 
were removed from tfio nitric acid by a current 
of air and recovi'red^in 20 absorption towers. 
The completely denitrated sulphuin; acid was 
cooled in a water-cooled cast-iruu cooler and 
collected in a larger load-lined tank of artificial 
stone, it contained about 70 ]).c. sulphuric 
acid, and was rcconccntrated m a Kessler 
apparatus or iii iloonig’s modified Pauling 
apparatus (.•’■cc Zeitsch. angew. Chem 1921, .‘14, 
168, 173k Tlie latter w'lis said to he very effi¬ 
cient (In French practice, a denitrating ciilumn 

feet high and 18 inches internal diameter j 
produced 6-8 tons of nitric acid per day with 
an overall yield of 86- 87 p.c. on the ammonia 
burnt in the Ostwald tyjie catalysts. The con¬ 
sumption of fuel in reuoncontral ing the si^ljihuric 
acid was 16-20 p.c. of the weight oi nitric acid 
produced.) 

It is of interest to coipjiare the mode of opera¬ 
tion at Koehst, rejiresenlmg tlio latest (k*rman‘ 
practice, with the indications obtained by experi¬ 
mental work oarr^ied out fi>rthe iMunitions Invcn- 
Vions Department. The separafion of w'aterfrom 
the converter gas by rapid cooling w'as the subject 
of Eng.* Pat. 131942, 1918. The object of this 
procedure, which is combined ivith the a(Ubtion*| 
of secondary air nffer the coolers, is to k<*ep the 
gas as concentrated as possible in the oxulotion 
and absorption towers, it is clear from the 
equatiorf 4NH3+602=4N() + 6H,0 that the 
uncooled converter gas contains nitric oxide and 
steamcin the ratio 2 to 3 by volume, so that if 
the steam is taken out a coijsMerablc concentra¬ 
tion in oxides of nitrogen results. The fact that 
the condensate is afterwards put dowm a weak 
acid tower may have tended to obscure the 
rationale of the method. The use of alkali to 
finish the absorption was carried out in the 
manner specified in Eng. Pat. 129699, 1919 ; 
this effected a considerable economy of tower 
space. The use of sulphuric acid as an ab¬ 
sorbent, which was tried at Leverkusen and 
fottnd unsatisfactory, was also the subjert of 
a Ipng series of experiments, *which showed 


that it was not an efficient method of absorp¬ 
tion. 

In the ammonia oxidation plant at Muscle 
Shoals (acc p. 677) there are 0 converter houses 
and a motor room to each, the air being passed 
by blow'crs through a 51-feet duct and niixed 
with ammonia gas by meters in the ratio of 
1 vol. aminonia to 9 or 10 vols. air. The mixing 
is jierformed in 12 mild steel mixing tanks, 
8 feet diameter and 30 feet high, packed with 
6-inch spiral rings, from which the gas passes 
to the converter.^. 

There are 4 rows of 29 converters in cack 
converter house, or 696 in all, spaced 6 feet 
apart. The gas cnter.s at the top through an 
iron pipe. 'J'he body of the conveiter is an 
aluminium box, rectangular in section, 14 inches 
by 28 inche.s an<l 6 fei't high. At the base is a 
single horjzvutal slii'ct of platinum wire gauze, 
of 0'0()3-inch w'ire and 80 incslies to the linear 
inch, weighing 4'6 oz.s. troy. Each gauze is 
licatcd by an 8 kw. transformer at 21 volts and 
375 amjiH. to aliont 760'T;. The converted gas 
passes down through an iron cone atlaclied to 
^he corivertci fiody and along an iron pipe to a 
concrete flue lined with acid-resisting tiles laid 
in acid-proof cement, leaihng to the coolers. 
Each ooiiverkT produces 900 lbs. of nitric acid 
per 24 iiours. 

'idle high-teinporature eoulers consist of 24 
horizontal steam boilers at 25 lbs. jiressurc. In 
passing through tlx' tubes the temperature of 
tlie gas is reduced from 600'’C. to 20(>''C. The 
gas tin'll ])asst‘s to low-temperature coiilers, 
12 of winch are used, connected wuth the boilers 
by 30-inch aluminium pipes. Each low- 
tonipeiaturc cooler i.s a rectangular brickwork 
ciiamher divided into 6 compartments by 4 
walls W'liicli do not quite reach across, so that 
the gas js compi'lled to j^ake a zig-zag course. 
Suspmided from the roof of each compartment 
are i4(> tubes, 6 inches diameter and 7 feet long, 
in 2 conipartnicntS) of stoneware and in 3 of 
silicon-iron. Each tube has an outlet lip at the 
top and an internal tube through which water 
flows. The gas is cooled on the outer surfaces 
of these tubes to 30''(\ and some nitric acid is 
copdensed, which drains off to No. 3 well of 
the,absorption system. 

Worn the coolers the gas passes to 12 
oxidation lnwa'rs, 15 feet square, of chemical 
brickwork, each divided internally by 2 walls 
into 4eCom]^artmcnts. The gas passes up one 
I compartiiH'nt, over the top of the dividing wall, 
down the next compartment, up the next com¬ 
partment, and down the last. The pi'actically 
fully oxidised gas now' ^^asses to the absorption 
ioifors. All the towers are housed. There are 
24 absorjition towers, 36 feet square and 60 feet 
high, of brick, divided into 4 compartments as 
before. The* first tower of ^&ch. unit of two is 
half packed with 6-inch spiral rings and half 
witli 3-inch spirjil rings. The second tower is 
completely packed with 3-ineh rings. Water is 
circulated in counter-current to the gas and 
50 p.c. acid is recovered from the towers. The 
acid is pumped by air lifte, each single stage, 
throwing 60‘gallons of acid per minute. One 
lift is provided for each compartment, or 96 in 
all with 24 spares {see J. Oliphant, Chem. & 
Met. t/Eng. 1920, 22, 408). To ^commodate 
these lifts there are 120 iron welU, 12 inches 
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diameter and 100 feet deep. The lifts consist 
of .3-inch aluminium pipe (which was not found 
satisfactory in England for nitric acid), with 
silicon-iron flanges. The towers also stand 'in 
aluminium saucers. Air at 100 Jba. j)rcssure is 
supplied by a l-inch i)ipc, and the acid in each 
W’cll section is cooled by water flowing in the 
well. Leakage of acid is indicated by a signal 
lamp lighting up owing to increased conductivity. 
Between the two towers of each unit is an 
* aluminium fan, and after the second tower a 
similar fan exhausts the residual gas to the free 
*air. The compressed air from the lifts is also 
duscharged into the free air, winch must cause 
considerable loss of oxides of nitrogen and acid 


spray. The tower acid losses to 12 aluminium 
weighing tanks on scales, and is discharged to 
12 storage tanks of acid brick and concrete, 
from which it is run off by a 3-inch aluminium 
' siphon. When operating at full capacity the 
plant produces *280 tons of nitric acid per 
day. t 

I A comparison of the sizes and outputs of 
I various types of platinum gauze converters is 
I given in the following table. These results 'were 
all obtained by J. R Partington in long runs 
under various ci^nditions, with converters of 
eross'Se(;tion 4 incheg by 0 inches, i.e. full-sized 
ieidinical units.* For comparison, the Gatwald 
i type IS given first. 


Tyne of coim-rter 

Ciifftlyst 

« 

Method of heating 

Conversion 

etiiciwcy 

Output kgni. 

11 N( taller grill 
I’t piT 24 hours 

Ostwald 

Platinum foil 

Hogencrativc 

9f)-‘I5 ju#. 

1-7-2 

Fniuk-Caro 

Single ]>latinum gauze 

Electrical 

90-93 „ 

11 

Kaiser 

4 super])osed platinum 
gau/.es 

Preheating of gases 

95 

12 

Partington 

2 )>!.itinuin gauzes 
slightly ae])ara(ed 

J^’Iectrical or preheating 
of gases 

!»5 „ 

16 

Partington ^ 

2 platinum gauze.s in 

Gases-f steam prelieated 

98-90 „ 

21 

with oxygen . 

eontaet 

to 5oo°-noo‘' 

• 



Catalysts other than Platinum. In tlie ])re. .were 2 rows of 10 ammonia stills in each, also 
limiuarv account ol the oxidation of ainmoma ' of about 1000 gallons capacity, fitted with 
the usi' of numerous catalysts other than | agitators and steam coils, and leading to a 
platinum was deseribed. A large number of i common mam of 18 jnebes diameter. Gas 
these have been found unsuitable in jiiaetjee liquor was distilled from milk of lime in vertical 
for various reasons. In .some eases the catalyst i stills of 0 elTects, the steam coils being in the 
is not sufhciently active; in others it ra])i(lly I bottom section. Four columns were installed, 
deteriorates in use; and Jinally, it may be ! The ammonia gas was jiassed through a similar 
necessary to use* su<‘ii a bigli teniiierature that , v(;rlical column scrubber, in which it 
dilTiculties are encountered iii the construction I washed with cau.stic soda solution. There 


were 


of the eontaming vessel. Tlie best iion-jilatinum i 2 scrubbers, 6 feet by J2 feet; the stills w'ere 
catalysis seem to be those having as a basi; oxide i J 5 feet high and 4 feet diameter. 


of iron or chromium (the latter prejiared (Eng. ! The ammonia gas was jiassed through a 
Pat. 126710, 1917) by the gentle ignition of i smalf balancing gasholder of 500 cubic feet 
' ammonium dichromatc and afterward.s com- i capacity into a large holder of 1000 cu. m. 
pressed into pastilles), tt>gid.bcr with up to 10 ' capacity with an indiealmg dial A mixture 
p.c., or even more, of ‘promoters,’ cspocjall^; of air and ammonia containing 7-8 p.c. of 

oxides of cerium and bismuth (Eng. Pat. 126715, I ammonia was driven by separate centrifugal 
1917) Catalysts of this type arc described ; blow’ers to the converters, the air being filtered 
in the patents of Farbeiiabnk verm. F. Bayer j through cloth. Venturi me^-rs controlled the 
(see above), and arc used by the Badischo Co. j mixture, ivbich contained 7 5 p.c. by vol. of 
Plumbites and manganates, although fairly i ammonia. The air passed through a ifylindrical 
efficient catalysts, act too strongryton the con!' tubular heat exchanger (Eng. Pat. 146059, 
taining vessels at thr high temperatures required 1920), 12 feet by 12 feet, in counter current to 
to be oT much use. In all cases, a higher teni- , the hot convei-ter gas, leaving by an jAdnch 
perature, 800° as coiflpared with G0(>°-700°, is | pipe, a 6-inch by-pass being also prodded. The 

required with oxide catalysts than with platftium, I ammonia was not preheated, but passed by 

and the catalyst must be in thicker layers. The ; a 4.inch pipe to a mixing chamber between the 
cheapness of the oxide catalyst^ and the fact j exchanger and converter. Tliis mixing chamber 
that they are less susceptible to poisons than ■ in some cases tiqpsisted of an inclined cone 
platinum, are jioints in their favour. I 3 feet long and 4 feet diameter, the hot air 

The Bayer process is in nsfi at the Leverkusen entering the base and the ammonia and cold 

works of that firm, the plant being erected early ; by-passed air tangentiajly. The mixture passed 


..1 the war to replace ('hile nitrate. 

The ammonia came partly from synthetic 
sulphate and jiartly from gas liquor. The 
ammonium sulphate was dissolved on dhe side 
of the works in 12 dissolvers of 1000 gallons’ 
capacity; and milk of lime was prepared in a 
parallel row of vats on the other side, between 


to the converter at 300°-300°. 

The converters are sheet-iron cylinders 
lagged externally and lined with bricks, 16 feet 
high and 12 feet external diameter. They 
formerly had an axial tube 3 feet diameter, 
serving to convey cold air to equalise the tem- 
pevature of the catalyst, but in the newer 


Eesiilta lylth converter 2 Inches by^lnchifs. 
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types, which have a^diameter IJ that of the 
older, this axial tube is omitted. The catalyst 
layer is deep, so that the time of contact is 
much longer than with platinum. Therl are 
first about 10 inches of fine granules resting on 
coarser granules on a perforated refractory 
plate. The gas passes upwards th(pugh the 
catalyst. The diameter of the catalyst granules 
varies frofti 6 to 10 mm. The diameto- of the 
catalyst bed in the older type was 9 feet, the 
drop of pressure across it being about 10 cm. 
of water. The temperature of the catalyst is 
about 760^C. The average capacity of the older 
units was 4600 kg. amliionif per day; the 
new converters have a capacity of J.6,00() kg. 
per day. The cajiacity of the whole plant is 
l)(K)()-7000 tons of niirato per month, with an 
overall efficiency of 80-85 p.c. The catalyst, 
provided by tho Badische Co., consists of o.xide 
of iron with prt>moter.s. 

The absorption jilaiit eofisists of three dis¬ 
tinct units. Tht^se effect absorption in sodium 
carbonate, in water, and in suljihuric acid, 
respectively. 

In the alkaline absorption section, each 
convertor is connected with six lowers, the, first 
a small rectangular stone tower 12 feet high 
and 3 feet wide, acting mainly as a cooler. 
Tho second tower is cylindncaj, 30 feet high 
and 8 feet diameter, oi steel jilates. The third 
tower is rectangular, of voivic atone, and 
30 feet high, whilst the remaining throe towers 
are like the second. 'I'hcrc are 12 rows of these 
towers, tho gases from which pass by a common 
main to a 00-feet tower 20 feet diameter, 
through which tliey arc drawn by a fan. 
Saturated sodium carbonate solution is .sujijilied 
to the tops of tlie first, sei^ond, sixth, and seventh 
towers, and drains to a granite tank, from 
wftich it is pumjied to tho to}) of the fourth 
tower, which is run slightly acid so as to cause 
conversion of all nitrite into nitrate. From 
this tower the sodium nitrate solution loaves 
by a 4-inch main. ^ 

In tho water absorption section, erected in 
1918, the gas from tho converters is brought 
by a 3-feet main to 6 bnek towers, 40 feet by 
12 feet, arranged in 3 rows of 2 and packed 
with broken quart/.. From these the gas passes 
through a rectangular brick flue, 6 feet by 3 f<‘et, 
te 12 brick towe'fs, 60 feet high and 13 feet 
internal diameter, tho walls being 2 feet thick. 
After bchig drawn through these towers by a 
fan the gas is discharged to the free air tlirougb 
a 3-feet iron pipe. Water is fed to tho last 
tower and circulated forward by centrifugal 
pumps. When the acid reaches the bottom of 
the fourtlf'tower in the series of 12 it is cooled 
between successive towers and finally reaches 
a oonooptration of 40-50 p.c. nitric acid. 

The latest plant is for absorption in sul- 
hurio acid. There are 6 steal towers, 40 feet 
igh and 8 feet diameter, the acid being cooled 
in coils between each pair of towers through 
which it is circulated. Nitric acid is recovered 
by distillation, although steam must be added. 
The results were not efficient on account of the 
difficulty of recovering nitric acid from the 
liquid after absorption. , 

Oxidation of Ammonia In Solution. 
Numerous experiments have been made ton 
the oxidation of ammonia in soCution (o) by 


catalysts, (6) by electrolysis The results have 
not been promising, iferschkowitsch (Zeitsch. 
physikal. Chem. 1909, 66, 93) found that am¬ 
monia is oxidised by potassium permanganate 
in solution; the yield is influenced by con¬ 
centration and IS improved by the addition of 
ammonium salts. The action of persulphatea 
has been investigated by Kempf (Ber. 1905, 
3972) and by Levi and Migliorini (Gazz. chim. 
ital. 1008, 38, ii, 10). Tho product is mainly 
nitrogen. The catalytic autoxidation of am-* 
nionia by air was examined by N. Smith (Proc. 
Chem. Soc. 1006, 39); Loew (J. pr. Chem. 1878, 
18,298); M. Traube(Ges. Abh. 1881,393); and 
M. Ilcrthelot {Compt. rend. 1803, 66, 1170). 
Electrolytic oxidation has been studied by C. 
Fnmzel (Zeitsch. anorg. Chem. 1002, 32, 319), 
F. Ficbter and H. Kappeler (Zeitsch. Klektro- 
chem. 1!>09 ,o 15, 937; 1910, 16, 610; Chem. 
Zcit. 1912, ()06). The use of copper salts in 
alkaline solution as catalysts in anodic oxidation 
has been studied by Traube and Biltz (Ber. 

1906, J66) and Muller and 8pit7erl[tW. 1906, 
778). The primary product is nitnte; with 
cjiijier as catalyst the formation of nitrate 
begins. The cost of electrical energy appears to 
1)0 jirohibitive. 

Direct Production of Nitrate?. J. R. I’arting- 
ton and E. K. llideal (Eng. Pat. 129099, lOiO) 
find that if gases containing oxides of nitrogen, 
such as are produced m arc furnaces or by the 
oxidation of ammonia, aie passed through an 
alkaline solution, containing caustic soda, 
sodium carbonate, lime, or a suspension of 
calcium carbonate (limestone, or cyanamide 
sludge), all the iiitute in the mixture of nitrate 
and nitrite first produced is ultimately con¬ 
verted into nitrate. 

During the first part of tho absorption, a 
mixluic of equimoleculau. amounts of nitrate 
and nitrite is formed : 

1, 2Ca(GH)..+4N(), 

-CMNO,)rl-Ca-(>i02)2+2HjO. 

During this stage the reaction remains 
alkalme, and all the insoluble diluent gas 
associated with 4 NO 2 passes- on through the 
apparatus. 

SVhen the reaction becomes neutral, the 
NO-i begins to dissolve as a mixture of equi- 
molecular an^ounts of nitrous and nitric acids : 

2. 4NO2+2H2O-2HNO3+2HNO3. 

The^'nitri*^ acid at once decomposes the 
calcium niftitc in solution, and a mixture of 
equimolecular amounts of NO and NO.-, which 
may bf written Nj^Og, is evolved: 

3. a.(N0,)g+2HN03-Ca(N03)2+N208+H20. 

At the same time the nitrous acid formed in 
reaction (2) .undergoes docomposition, with 
evolution of N.^Og: t 

4. 2HN02=-N20g+H20. 

Thus, in the volume of indifferent gas which 
contained 4N()2 on entering the apparatus we 
have, when it leaves the apparatus, 2 N 20 g, 
equivalent to the original o®ncentration. This 
gas is now passed through empty towers, where 
the NO undergoes oxidation to NOj in presence 
of the excess of oxygon in the gas. The fully 
oxidised gas then passes to a eeci^nd set of 
absorbers, where reaction (1) occurs. 
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The final solution contains only calcium 
nitrate^ with a little free nitrous acid, which is 
removed by passing air through it. This air is 
then passed through the absorbers containing 
fresh milk of lime, to recover the oxides of 
nitrogen. The process may be used with gas 
containing as little as 1 p.c. by volume of NOg, 
and at the ordinary temperature or with the 
solutions at 30“. The milk of lime may be used 
of such a strength as to give a resulting solution 
containing 60 p.c. Ca(N 03 ) 2 . 

J. R. Partington, G. J. Jones, and T. K. 
Srownson (ICng. Pats. 1345(»2, 130190, 1919) 
also find that, when a mixture of air, oxides of 
nitrogen, and a regulated amount of moisture 
(e.gr. suitably treated gas from the oxidation of 
ammonia) is passed through if chamber, and 
jets of ammonia gas introduced, tliere is an 
instant separation of dry, solid,, ammonium 
nitrate, perfectly free from nitrite.^ This settles 
out as a loose powder, which on standing for a 
few hours shrinks to a denser powder without 
caking. This product is less deliquescent than 
ordinary ammonium nitrate, and the jirocess 
gives very satisfactory yields. I'hc lueehanisru 
of the reaction is not yet quite clear , the net 
result appears to be: 

2N02-l-2NH3+H,0 + 0 = 2b:H4N03. 

If oxides of nitrogen and aniiii' 'iiia gas are mixed 
without the. special precautions mentioned, 
considerable dceomjiosition and loss occurs. 
The same expcriiiientcrs also find tliat the. fume 
of ammonium nitrate jiroduced when mon^t 
oxides of nitrogen and ammonia are brought 
together, which, unlike that formed in the above 
roccss, does not readily condense, may bo 
rouglit into the solid form by passing the fume 
through concentrated sulphuric acid. Very 
little absorption of apimoniuin nitrate by the 
liquid takes ])lace, but the dried fume at once 
dejjosits solid ammonium nitrate on issuing 
from the acid. « 

A novel method of concentrating nitric acid 
is described in the patents of Meister, Lucius, 
and Pruning (.Eng. Pats. 15948, J911, and 4345, 
1915). Acid of ('>0-«2 p.c. is enriched with 
nitrogen peroxide, NO 2 , w hich readily dissolves 
in it, and the liquid is subjected in a finely 
divided condition to the action of oxygen: 
2 N 02 +H 20 + 0 ^- 2 HN 03 .. The •unchanged 
nitrogen peroxide is expelled by the cuiTont of 
oxygen, and the resulting concentrated^acid is 
practically free from nitrous acid.* Jn another 
process, aqueous nitric acid is agitated with 
excess o^liquid nitrogen peroxide. 'JVo l^crs 
are rapidly formed, ^ch consisting of nitric 
acid holding nitrogen peroxide in solution. Che 
upper layer consists of liquid nitrogen jieroxide 
containing very concentrated nitric acid (98- 
99 p.c.) in solution, whilst the lo#cr layer is a 
solution of nitrogen peroxide in weaker (76 p.c.) 
nitric acid. The upper layer ipay be separated 
and the nitrogen peroxide removed by dis¬ 
tillation, when very concentrated nitric acid 
remains. The NOj removed is used again. These 
processes have been* verified by J. R. Parting¬ 
ton, who finds in addition that} if nitrogen 
peroxide and oxygen are passed through water 
for a suflScient length of time, the same two 
layers are ^prmed. The importance ofethese 
reactions in coses where gases fairly rich in 


nitrogen peroxide, f.g. theie from the oxidation • 
of ammonia, are av^able, is evident. 

Tho Hausser Process. Numerous processes, 
in wfiich the union of oxygen and nitrogen of 
air is to be induced by tho rise of temperature 
caused by the combustion of fuels, have been 
proposed Jf/. Haber and Koenig, Zeitsch. Klektro- 
chem, lOB), IG, 18; Norton, The Utilisation of 
Atmo.sphcric Nitrogen). Although, a* has been 
stated, no nitric acid is formed by the explosion 
of hydrogen and air, some is produced in the 
hotter flame obtaiued by enriching the air with 
oxygen. Acid is also formed by burning (;arbon 
monoxide in air.undA pressure. Tho amounts 
farmed are small, and are mixed with large 
volumes of tho products of combustion, so that 
a prion very little hope of successful methods 
appears in this quarter. Attention may, how¬ 
ever, be dircci(“d to tho process devised by 
Hausser (C'liem. Trade J. 1914, 56, 40, 09), which 
seems })romi8ing. Jn this a mixture of air and 
a combustible gas, such as coal or coke-oven 
gas, IS exploded in a gas-engine cylinder or bomb 
under pressure. The resulting gas contains 
only 0*3-9*0 p.c. nitric oxide by volume, so that 
an extensive absorjition system would be 
necessary. Trials of the ])roceas were made on 
a small scale at Nuremberg and at Heeringcn 
(Wcatjdialia), which pointed to a yield of 
135 grms. HNO., per eft. m. of fuel gas of 
calorific value 483 H.Th.U. per cu. foot, operating 
with an initial compression of 3*2 atm., with 
a pre-hcat of 240”. It is claimed that an oil- 
spray, such as is used in Diesel engines, may 
also be a]>plicd. It is not diflicult to see from 
the law of mass action that the best refeult 
should be obtained with an optimum proportion 
of air and fuel gas, the precise mixture depend¬ 
ing on the composition of the fuel gas. Enrich¬ 
ing the mixture with oxygen should also iocrealft 
the yield. In anv ca»e, the proportion of nitric 
oxide in tho exploded gas cannot exceed 1 p.c. 
by volume, A very careful discussion of the 
Hausser process will bo found in the Nitrogen 
Drodufts Committee’s Report, 277-286; see 
aDo H. Noh (D. R. P. 30G461, 19IG); H. 
Woll (T). R. P. 3lfW;77, 1919); d. GiirUnger, 
Jl). R. P. 316253, 191^); Hausser (Stahl und 
Ei.sen, 1921, 41, 956, 999; J. Soc. Chem, IncL 
I 1922, 41, 263 R). J. R. P. 

I 2 - NITROBENZENE - 1 : ^ - DISULPHOIfIC 
: ACID 18 obtained as the sodium salt by acting 
i on a boiling aqueous solution of sodium 4-cIiloro- 
' 3-nitrobenzene sulphonate- with sodium sulphite. 

NITROBENZENES v. Renzenb and its 

110 MOLOOUE 8 . 

m-NITROBENZENESULPHONlC ACID is 

prepared by the action of fuming sulpJluric acid 
upon nitrobenzene (Schmidt. Aiiiialen, 120,163), 
or by tho action of chlorosulphomc acid 0 ^ nitro¬ 
benzene dissolved yi carbon disulphide. Deli¬ 
quescent plates. 

NITROGLYCERIN v. Explosives. 
NITROHYDROCHLORIC ACID v, Aqtta 

BEQIA. 

NITROMAGNESITE. A mineral consisting 
of hydrated magnesium nitrate 

Mg(N 03 ) 2 -fwH 20 

probably identical with the artificial monoclinio 
I 8 alt,Mg(N 03 ) 2 , 6 H 20 . It occurs as an efiSor- 
I escence in Umastone caves in assooiation with 
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nitrooalcite, and has bi .en recorded with epsomite 
on marl in the Jura. ^ L. S. J. 

NITROMAGNITE or DYNAMAGNITE i-. 
Explosives. ) 

NITROMETER v. Analysis. 
NITRON-1.4-X>iphenyl-0.5-rn()lanilodihydro- 
triazole 


This compound, diHcovercd by Busch (Ber. 

1906, 38, 860), forms a nitniix' almost msolubk* 
in water and is well siulcd for the detection and 
estimation of nitric acid. 'J'he reagent can be 
prepared in the f(*llowing way : Twenty grams 
of thiocarbanilido are heater] with ()'6 litre of 
dry benzene under a rellux condenser, and (by 
mercuric or lead oxide is adrled in small portions, 

80 long as a black precipitate is formed. 'I’he 
metallic sulphide is filtered eff, the hot solution 
treated with the calculated quantity (10 grins.) 
of phcnylhydrazine and concentrated to 50 c.c. 

On cooling, if necessary with addition of some 
petroleum spirit, the liquid solidifies to a erystal- 
line mass of tri])henylammo*guani(line. This is 
drained, washed witli ether, dried, and lu'atcd 
for two hours in a scaled tube at 175” with 
twice its weight of 90 ji.c. formic uoid. 'I’he 
product 18 treated wirii JO times its volume of 
water, filtered and the base precijntatixl by 
ammonia and extracted with chloroform. The 
chloroform solution is dried witli potassium 
carbonate, concentrated to one-fourth, and, 
after adihtion of a few dro]>H of light petroleum, 
allowed to crystallise. 

Detection of mine, ncui^ free and comlnned .— 

Five c.e. of the solution under examination are 
mixed with 1 drop of dilute sul[iliuric acid and 
5.-t> drops of a 10 ]>.c. solution of nitron in 5 ji.e. 
acetic acid are added. If nitric acid be pioseiit, 
a voluminous white jirooipitate is jirodueed. or, 
if the quantity be very small, fine needles separate 
after some time. One part of nitric acid in ' racbclo in cellulose nitrates and to the analysis 
60,000 can be detected at the ordinary, tern- of nitrating acid mixtures and waste acids, 
perature, and 1 in 80,000 at 0”. 8onie other To 0‘20 grm. of cellulose nitrate are added 6 c.c. 
acids also give precipitates, but these can m | of 30 p.c. sodium hydroxide solution and 10 c.c. 
most oases be easily removed before making^ of 3 p.c. hydrogen peroxide. The mixture is 
the test, namely, hyib’obroraic acid by means j heated for some minutes on the water-bath 
of chlorine, hydriodie acid by oxidation with , until solution is complete ; 40 c.c. of water and 
fodate and separzdtion of the iodine, and nitrous ' 10 c.c. of hydrogen peroxide are then added, 
and chromic acids by treatment with hydrazine ; and the liquid is heA'ted to 60°. After adding 
n . . 1 . 1 ,,™.. m ^ ^ sulphuric acid and heating to 

80”, IS e.c. .of a 10 p.c. solution of nitron in 
5 p.c. acetic acid arc added. The mixture is 
cooled for 1-2 hours in ice-water ^nd the 
prc{%fitate collected agd washed, as above 


presence of nitrite .—The substance is dissolved 
in a small quantity of water, and the solution 
allowed to drop gradually on to finely-powdered 
hydrazine sulphate contained in a beaker cooled 
externally with water. When the evolution 
of nitrogen, due to the decomposition of nitrite, 
has ceased, the solution is made up to 100 c.c. 
and treated with nitron as above described. 

(iutbier (Zeitsch. angew. Chem. 1906,18,497), 
who critically examined the method, and 
modified it slightly, finds that there is a loss of 
O'i-0'25 i).c., due to the solubility of nitron' 
nitrate in water, otherwise it gives very good 
results, not only with potassium nitrate alone, 
hut also with mixtures of the nitrate with 
potassium permanganate and bieliromate, cal¬ 
cium and magnesium sulphates, potassium and 
sodium chlorides, alum and potassium bi¬ 
chromate, calcium carbonate and jiotassium 
bromide. If'ioibdes be pre.sont, they must bo 
destroyed by the cauliou.s addition to the 
boiling solution of potassium iodate and acetic 
acid, till all the iodine is lioiled off. 

J'\)r the deterimnation of miric acid in 
presence of nilroii'^ oeid, the latter is (leleriuiiied 
m a portion of tlie solution by titration with 
lnTiiianganate. In another portion the nitrous 
acid is oxidised by hydrogen peroxide and the 
total nitric acid determined as nitron nitrate 
(Busch, Bcr. 1906, 39, 1401). 

According to Litzendoiff (Zeitsch. angew. 
(’hem. 1907, 20, 2209) tlie nitron method lends 
itself very well to the deterra 1 nation of nitric 
acid m soils-which contain at least 2-3 mgs. 
of nitrogen (as nitrate) jkt 100 giuis. Jn the 
case of poorer soils, or of (ixtracts sterilised by 
heat, tlie evaporated extracts tend to contain 
some sukstanco which inliibits the crystallisa¬ 
tion ot nitron nitrate. This substance may bo 
destroyed by the use of hydrogen peroxide. 

Busch and Schneider (Zeitsch. ges. Schicss- 
und Sprengstoffwesen, 1, 232) have appbod the 
method to the determination of the nitric acid 


sulphate. Chloric (1:4000), perchlonc ( 1 : 

60,000), thiocyanic (1:51,000), fcrrocyanic, 
ferricyanic, and picric acids also interfere. 

Determination of 7iitric acid .—The substance 

(containing about Ori gram of nitric acid) is , ^ _, 

dissolvedr in 80-100 c.c. of water, 10 drops of ; desi/ibed, and weighed as C 2 (,ir,sM 4 ,HN 6 i 


dilute sulphuric acid are added, the liquid is 
heated nearly to boiling and treated with 
10 12 J.o. of the solution of m^ron in acetic acid. 
The mixture is allowed to Atand lJ-2 hours in 
ice-water, the precipitate collected, washed with 
the filtrate and then with 10-12 c.c. of ico-water 
in small portions. The precipitate is dried at 
110 ” and weighed, the weight multiplied by 
0*169 gives the amountof nitric acid. The nitron 


and the percentage of nitrogen calculated^ 
using 0-0373 as factor. 

Hes (Zeitsch. anal. Chem. 1909, 48, 81) finds 
that dextrin, gelatin, and probably other organic 
compounds hinder the crystallisation of the 
mtron nitrate, but the presence of aluminium 
sulphate, magnesium sulphate, ammonium 
sulphate, potassium phosphate, magnesium 
chloride, tartaric acid, citric acid, sucrose, and 


may be regenerated from the precipitate by • dextrose doe? not affect Che accuracy of the 

shaking with ammonia and extracting with' . 

chloroform {see also Busch, Zeitsch. Nahr. 

Genussm. 1905, 9, 464). 

Detection and determination of nitrate in 


method, provided the precipitate is sufficiently 
washed; oxalic acid causes lugb results. Chloric 
acid nredlpitates nitron quantitatively as the 
chlor^ if the solution contains ab 6 ut 0*26 p.c. 
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of chloric acid, and nitric and ohloidc acids may 
be determined in the presence of each other if 
the quantity of one be known# 

Franzen and Lohmann (J. pr. Chem. 
1909, 79, 330) find that nitric acid can be 
accurately determined by means of nitron in 
solutions containing large quantities of organic 
matter, provided 2-2’5 c.c. of concentrated 
sulphuric acid be added for each 200 c.c. of 
solution. This addition of sulphuric acid pre- 
events any co-precipitation of nitron oxalate 
and also the formation of a colloidal solution of 
4itron nitrate. 

Paal and Ganghofer (Zeitsch. anal. Chem. 
1909, 48, 645) on repeating the work of Hes 
found that dextrin only delayed the separation 
of the mtron precipitate, 10 hotirs instead of 4 
being needed for the jmrpose, otherwise it was 
without sensible influence on the accuracy of 
the results. Peptone luight be femoved by 
normal lead acetate, foiinaldehyde, or by 
tannin and lead acetate, with the addition of 
20-25 drops of sulphune acid, when accurate 
results were obtained. Small quantities of 
gelatin, beyond retarding the formation of th^ 
precipitate, exercised no diHturlmig influence; 
larger quantities should bo removed by tannin ! 
and lead acetate. Saltpetre in meat and meat [ 
extracts can bo conveniently determined by ‘ 
means of nitron. j 

Cope and ilarab (J. Amor. (diem. Soc. 1917,! 
39, 504) find that the nitron method yields good j 
results with mtromuiuutc and nitro^larch. 
With nitroijlfjccrm satisfactory analyses may be | 
made as follows; The nitroglycerin is weighed : 
out in a 100 c.c. comcal llask to whicli an air , 
condenser, 25 cm. long, is attached by means 
of a ground joint. About 5 c.c. of 30 p.e. ' 
sodium hydroxide and 5 c.c. of 3 p.c. hydrogen ! 
peroxide are added, and tlieii about 15 drojis j 
of 30 p.c. liydrogen jfcro.xide. The mixture is I 
heated on the water-bath for ten minutes, by j 


Solutions of nitron ar^ not very stable and 
are best prepared in siaull quantities as re- 
quired, by dissolving 1 gram of the reagent in 
10 c.|. of 6 p.c. acetic acid and filtering through 
an aiundum crucible into a dark bottle. The 
reagent can be Recovered from filtrates by 
precipitating with a slight excess of ammonia, 
and from •precipitates by w'anning with dilute 
ammonia to 00'^, filtering quickly and washing 
the mtron with cold water, then digesting with 
j 5 p.c. acetic acid to dissolve it and linaTly re* 
precipitating witlj ammoma and washing. 

' Jlecomposition may bo avoided by conducting 
the filtering and washing in an inert atmosphere 
aAd as much as pbssible away from light (•). fc>oc. 
Chem. Ind. 1917, 473). 

NITRONES. Compounds comparable in 
structure with the tautomeric forms of oximes 
and with ketene. The siuqde nitrones are 
produced by the alkylation of oximes, or by the 
action of aidehydcs*on N-substituled hydroxyl- 
aniinea. Often formulated as, cyclic ethers. 
The ‘ keto ’-nitrones are obtained by the action 
of aliphatic diazo- compounds on nitruso* com¬ 
pounds. 

NITROPHENINE YELLOW v. Primujjnb 

AND ITS DeRIVATIVJIS. 

NITROPHENOLS AND THEIR HOMO- 

LOGUES. Phenol may be nitrated very readily, 
and to produce the moivi-nitro derivatives it 
13 sullicieiit to treat it with dilute mtnc acid in 
the cold. The ortho- and pam-nitruphenols, 
together with sonic tarry matter, are thus formed. 
The ortho- compound is scjiarated by steam 
destination, whilst the non-volatile para- com¬ 
pound is purified by repeated crystallisations 
from xylene (Hofmann, Annalen, 1867, 103, 
347; Fritachc, ibid. 1859, 110, 160; Schall, 
Her. 1883, 10, 1901; Heumann, ibid. 1885, 18, 
3320). . ^ 

If the nitric acid is vigorously stirred, during 
and for about half an hour after the addition to 


which time the gas evolution has moderated 
considerably, and then 10-15 ilrops of 30 p.e. 
peroxide are again added. This operation is 
repeated ov' r a period of two hours, and twice 
at half-hour intervals. The condenser is re¬ 
moved, 10-15 drojis of 30 p.c. hydrogen peroxide 
are added, a splash head is attached to the flifsk 
by means of a rubber stopper, and the tiask 
heated for a few minutes over a^reo flame. 
The addition of hydrogen peroxide and the heat¬ 
ing are repeated twice and the solution is finally 
boiled down to a volume of about 3*c^. •Water 
(40 c.c.)and 10 c.c. of 3 p.c. hydrogen peroxide 
are added, the liquid heated to SO"^, acidified 
with 40 c.c. of 5 p.c. sidphiiric acid, and 12*c.c. 
of 10 p.o. nitron solution added. , 

Trinitrocresol and dinilrophenol can be 
directly precipitated with nitron, the addition 
compound of trinitrocresol with •iitron being 
the most insoluble Inown compound of trinitro- 
crosol, as nitron picrate is the mfist insoluble 
known compound of picricmciA*»(Analyet, 1917, 
216). 

Perchloric acid can be determined in the same 
way as nitric acid ^inuto quantities of oxides 
of nitrogen in air can bo determine by shaking 
geverai litres of the air with 10 c.c. each of 6 p.c. 
potassium hydroxide and 3 p.o. hydrogen per¬ 
oxide solutiqps and precipitating the nitrk acid 
in the usual way, avoiding unnecessary dilution. 


: it of the phenol, an 18 p.e. yield of p-nitrophenol 
' IS obtained without any formation of tar. The 
j best yitld is obtained at 25“. Below 4° nitration 
j cannot be effected (Hart, J. Amer. Chem. fc>oc. 
1910, 32, 1105; i’. Bictct, J. Soc. Chem. Ind. 
^1911,083). • 

Phenol may be first condensed with an 
! aromatic sulphomc chloride in presence of an 
I alkali, the ester so formed, onantration, yicld8| 

I without formation of tarry products, a dinitro- 
, derivative, which on hydi’olysis with anjiqueous 
|•8olutlo^ of a caustic alkali, yields the alkali 
I salt of p-nitrophenol, together with that of 
^ o-mtrotoliiene-p-sulphomc acid (Eng. Pat. 24193, 

I 1895; J. Soc. Chem. lud. 1897). Nitration of 
' phenyl phosphate (POCOCjHj)^ givfs tri-p- 
nitrophenol which by hydrolysis yields pure p‘ 
nitrophenol. o-Nitro-pbenoI, almost free from 
the p-isoraeride, n^ay be obtained by concerting 
phenol into the p-sdlphonate, then nitrating it 
with sodium nitrate and sulpburio acid; on 
hydrolysis the 11S()3 group is removed (Paul, 
ibid. 1897, 62); or by treating nitro-benzene 
with potash (Wohl, Ber. 1899,32,3486). o- and 
p-nitrophenola may also be obtained by the 
action of alkali hydroxides on the corresponding 
chlornitrobcnzenes. 

' w-Nitrophenol is nd formed by the direct 
i nitration of phenol, but it may be prepared by 
I boiling diazot^ed m-nitraniline with water 
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(Bantlin, ibid. 187^» lU 2100 ; Henrique, j and this explains why« when a silver salt of a 
Annalen, 1882, 215, b23). ; nitrophenol is alkylated without special pr6« 

The ijolynitrophenols are obtained by : cautions, free nitrophenol is often produced, 
nitrating phenol with concentrated nitric acid, | To explain the formation of the coloured 
usually in the presence of sulphuric acid; by | salts and ether, it is supposed that nitro- 
nitrating the lower nitro- compounds or their | phenols and their derivatives, and also their 
sulphonates; by treating the hydrocarbon homologues, may exist in two tautomeric 
with nitric acid in presence of itercury or yO 

mercury ■ compounds, in which case the nitro modifications and C 4 H 4 <[' | 

and hydroxyl groups are introduced simul- ^ ^NO'OR 

taneously into the l^nzene nucleus (Kng. I*at. {where R=H, a metal, or an alkyl radicle), of 
17621 ; D. R. P. 214045; J. Soc. Chem. Ind. which the first is colourless, the second coloured; 
1907 1194; ibid. 1909, 1167; Chem. Zentr. thus the constitution of the free colourless nitro* 
1908, i. 1005); and by o^^her methods (Wender, phenols corresponds to the first formula, whilst 
Gazz. chim. ital. 1889,19, 222 ; Olivcri-Torlonti, the coloured nitrophenols, being much paler 
ibid. 1898, 28, 300 ; Rovcrdin and do la Harpe, than their salts, correspond partly to the first, 
Chem. Zeit. 1891, 10, 45; Prankland and | partly to the ^second formula. The coloured 
Farmer. Chem. Soc. Trans. 1901, 1350 ; Robert- I ethers correspond to the second formula, whilst 
son, ibid. 1902, 1475 ; Lobry du Brnyn, liec. : the metallic salts, forming tw'o series of coloured 
trav. chim. 13, 103; Pmnow and Koch, Ber. t ' ,0 

1897, 30, 2857; Reverdm and Bucky,* ! salts, have the two formulae C^H*/ [ and 
1906, 39, 2079 ' Matiischck, CJiem. Zeit. 1905, KOj^N 

29. 116 ; D. R. P. 91314 ; Frdl. iv. 40). .0 

The nitrophenols are colourless or yellow C^H^/ | , of which the latter probably 

crystalline .substances. Tlu^y arc more acidic —OgK 

than the phenols, and they decompose alkaline con'csponds with the red salts, the former with 
carbonates. The nitrophenols may be reduced , the vellow salts. Tho orange salts sometimes 
very readily to the corresponding amines, some i obtained are probably solid solutions of the yellow 
of which arc themselves valuable dyes, or are i and red salts (Hantzsch, Ber. 1907, 40, 330). 
readily condensed wPh suitable aromatic com- 1 o-Nltropheno! C,H 4 (NO«)OFT forms pale 
pounds to form dyestuffs. By partial reduction [ yellow needles or prisms, m.p. 44®, b.p. 214®, 
mtroamines may be obtained (Hofer and Jakob, I ap.gr. 1*447 (Schroder, Ber. 1879, 12, 603; 
Ber. 1908, 41, 3187). Tlie use of nitrophenols Merz and Ris, ibid. 1880, 19, 1749). It has an 
as precipitants for alkaloids is discussed by I aromatic smell, is sparingly soluble in cold water, 
Rosenthaler and Gorner (Zeitscli. anal. Chem. more readily so in hot water, also in alcohol or 
1910, 40, 340). Tho constitution of the nitro* ether. It behaves as a much stronger acid than 
phenols has given rise to an important aeries the^. andm-isomorides, 

of investigations by llantzseh and others »i-Nitropheno1 forms thick yellow crystals, 
(Ber. 1902, 35, 1001, 1005; tbid. 1900, 39, m.p. 90°, b.p. 194°/70 mra. (Bantlin, l.c.); 
W3; ibid. 1907, 40, 330, 1550; Zoitsoh. m.p. 93°, sp.gr. 1*827 at 19° (Fe-ls, Zoitsch. 
physikal. Chem. 1908, 01, 227; also Rabe, j Krystalograplae, 1900. 32, 374). It is non- 
ihid. 1901, 38, 176; Witt, Ber. 1870, 9, 622; ! volatile in steam, and it is readily oxidised by 
Korozynski, ibid. 1909, 42, 107 ; Chem. Zentr. Caro’s reagent on warming, yielding 3- and 4- 
1910, ii. 384; ycharvvm, J. Russ. Phys. Chem. , nitro-catechols, a part of it, however, being 
Soc. 1910, 42, 237; Seyewetz and Poizat, decomposed (Bamberger and Czerkis, J. pr. 
Compt. rend. 1909, 148, 1110; Baly, Edwards Chem. 1903, [ii.] 08, 480). 
and Stewart, Chem. Soc. Trans. 1906, 614). p-Nltrophenol forms colourless needles, m.p. 

Whilst thomsolvos ccdourlcss, or only faintly, 114°. It is non-volatile in steam, yields p' 
coloured, they give rise to two scries of highly- aiAinophenol when boiled with zinc-du=t and 
coloured alkali salts—^yellow and red, and on water or when treated with hydrogen in presence 
this account they were regarded as pseudo- of finely divided nickel, and when electrolysed 
acids. This view has been confirmed by the in sulphuric acid for&s p-aminopbenolsulphonio • 
preparation of two series of ethers. The colour- acid. It reacts with alkali sulphide in presence 
less phenol ethers are obtained under ordinary-; of a coppe»’wvH, forming a green dyestuff (D.R.P. 
conditions of alkylation, and have the formula 101577 ; Chem. Zentr. 1899, i. 1091). p-Nitro- 
N 02 'CjH 40 R. The isomeric red ethers are much phenol has been proposed for use as an indicator 
more difficult to prepare, owing, it is supposed, instt^ad of methyl orange-(Spiegel, Zeitsch. angew. 
to their instability and to the ease with which Chem. 1904, 17, 716; J. Soc. Chem. Ind. 1904, 
they change into their colourless isomorides. The 182 ; Goldberg and Naumann, ibid. 1903, 928). 
red ethers are formed by the action of alkyl When heated with aqueous ammonia under 
iodide’ on the silver salts of tho nitrophenols. i pressure both the o- and the p-isomerides yield 
Tho materials must, however, be absolutely pure ! the corresponding nitranilind*(Merz and Ris, lx.). 
and dry, and the reaction commenced at 0° ; By mixing any of the mononitrophenols with 
and then raised to ordinary temperature. T’he quinine in preserice water, compounds are said 
red ethers, which have not been, obtained quite | to be obtained which are almost insoluble in 
pure, melt at least 20° below the colourless others; water or dilute acid, and which may be used as 
they are much more soluble in all solvents, internal antiseptics (U.S. Pat. 1006137, 1911 ; 
giving coloured solutions, and on standing alone, J. Soc. Chem Ind. 1911,1333). 
and more readily in solvents or in the presence Tho nitrophenols may be sulphonated by 
of hydrochloric acid, Change into the colour- treating them with fuming sulphuric acid, or m 
less isomeridos. The smallest trace of water the case of the ortho- compound by chlorosul- 
hydrolyses them, forming the f^e nitrophenol, j phomo acid. Mercury accelerates 'the reaction 
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(Post, Annalen, 1880,205,38; Nietzki and Lorch, 
Ber. 1889, 21, 3221 ; Gnehm and Knecht, J. pr. 
Chem. 1906,'[ii.] 73, 619 ; ibid. 74, U2). 

The sulphonic derivatives may also bo 
formed by nitrating the required phenolsul* 
phonic acid (Post and Stuckenberger, Annalen, 
1880,205,45; Post, Ber. 1874,7,1233 ; D. R. P. 
27271 ; Frdl. i. 324; J. Soc. Chem. liid. 1886, 
203 ; ^ee also D. R. P, 114629 ; Chem. Zentr. 
1900, ii. 1000). 

Bike phenol itself, the mono- as well as the ; 
Jolynitro- compounds form a number of i 
metallic salts, ethers, and other compounds. 

2:3-Dlnitrophenol (Bantlin, lx.) has m.p. ! 
144°. ! 

2:4-DinUrophenol forms rhombic prisms, 
m.p. 114®“115" (Gauhe, Annalen, ^808, 147, 07 ; j 
Pinnow, l.c .; Marqueyrol and Loriette, Bui). Soc. | 
chilli. 1919, [iv.] 25, 373); Sidgwiek and Aldous, i 
Chem. Sou. Trans. 1921, 1001. Wiftmed with j 
sulphur and sodium 8ul])hule it gives a black dye i 
for cotton (1). R. P. 98437 ; Cimm. Zentr. 1898, ' 
li. 9J2). Ostromiaslcnsky has prepared another ■ 
2 : 4 dinltrophenol, m.p. 85T"’ (1. Russ. ITiys. j 
(4iom. Soc. 1900, 38, 1351). The following 
methods have al8<. been proposed for the ’ 
preparation of 2 ; 4-diiiitrophenol. Vidal (Fr. i 
Pat. 315090, 1902) dissolves 93 kilos, of phenol 
ill 192 kilos. Huljihurie acid (00*'Be.), and runs : 
Che solution into 102 kilos, of sodium nitiate | 
dissolved in 1700 litres water. Tlie imxtur'e, is 
allowed to remain for several houis and then 
slow'ly heated until eiferveseenco ceases. The 
diniti’o compound separates on cooling. 

Wolffonstcin and Boters (1>. H. i\ 214045, 
1907) use the following method: 120 grams of 
benzene arc mixed with 20 grams of mercury, 
and the mixture then treated with 270 grams of 
nitrogen tidroxide (either gaseous or liqueiied) 
and allowed to stand for some days at ordinary 
temperature, when it sdhibtics to almost jiurc 
2 :4-ditiitrophcnoI. 

The usual method of preparation, however, 
is to decompose ehlordinitrobenzene with hot 
aqueous sodium cai bonate or hydroxide solution, 
precipitating the dinitrophenol by acidification 
after the reaction is completed. 

2:5-Dinitrophenol, yellow needles, m.p. 
108'^i»|volatile in steam (Reverdin and Bucky* 
lx.)\ m.p. 104'^ (Bantlin). • 

2: 6-Dinitrophenol, light vellow, fiim needles, 
•m.p. 63°-64® (Hubner, Babconk and Benaumann, 
Ber. 1870, 12,1346); 62'2‘'{Sidgwiek and Aldous, 

l. C.). • , • 

3:4-DinitrOphonol, long silky colourless 
needles, m.{). 134° (BanLlm,T.c.). 

3 1 S-DInitrophenol, n,.p. 122° (Lobry 8c 
Bruyn, ?.c.; Heller, Ber. 1909, 42, 2191); 124° 
HoUeman; 126i°, Sidgwiok and Taylor (Clicm. 
Soc. Trans. 1922, 1863), who have determined 
its solubility in water and in benzene and its 
volatility in steam. • 

2:4:6-Trinitroplienol, v. Prtjssic acid. 

2:4:6-bS-)Trinltrophenol,%diAening needles, 

m. p. 96° (Henrique, l.c.). 

2:3:6-(y-)Trmitrophenol, small needles, m.p, 
117°-118° (Henrique, l.^.). 

2:3:5-TrinitropheDol is obtained by boiling 
diazotised trinitroaminophenol with absolute 
alc(Aiol until nitrogen ceases to bo evolved. It 
forma yellow needles, m.p. 119°-120°, |nd 
becomes ochre^us and opaque when dried at 
VoL. IV.—T. 


100°. It dyes silk and v^od with a more orange 
shade than picric acid (Melllola and Hay, Chem. 
Soo. Trans. 1909, 1382). 

2 ;^3: 4: 6-Tetranitropheno!, golden-yellow 
needles, m.p. 130°, sometimes with explosion 
(Nietzki and Bludlenthal, Ber. 1897, 30, 184); 
m.p. 140° (Blanksma, Rec. trav. chim. 1902, 21, 
254). It ityas wool and silk an intense red- 
yellow colour. When boiled with watef it forms 
trinitroresorcinol. 

2:3:5: 6-Tetranitrophenol is known in the 
form of its ethyl other, m.p. 115° (Blanksma, 
ibid. BK>5, 24, 40). 

Pentanitropheqpl C5(NOjj)j()H, m.p. 190°, 
wlfbii boiled with water is transformed into tri- 
nitrophloroglucin (Blanksma, ibid. 1902,21, 264). 

The j>olynitro 2 >henols, wlicn treated with 
potassium cyanide, yield the corresponding 
])urpurie acids (BorseLe and Booker, Ber. 1903, 
36, 4357 ; ilid. 1904, 37, 1843, 4388). 

Njtrainiiiojihenols* may be obtained -by 
nitrating acetaminophenols, or,* better, acet- 
I ammojihcnol acetate or similar compounds, then 
I ehnimatirig the acetyl group by hydrolysis 
i(Reverdin and Diesel, thtd. 15)04, 37, 4462), and 
’ also by other methods. 

i 4-NitrO'2-anilnophenol is obtained by the 
action of ammonium sulpludo on 2:4-dinitro- 
: plienol. (JrystaUises witli 1 iiiol. HjO, m.j>. 

I HO''-90'’, the anhydrous salJ has m.j). 142°-143° 
(Post and Stuckenberg, l.c.; Kchrmaim and 
1 Gauhe, Ber. 1897, 30, 2132). 

5-Nitro-2-aminophenol may be prepared by 
1 nitrating theetheriyl derivative of o-aminophenol 
I in the cold with a mixture of equal parts of 
nitric {40°B^'.) and sulphuric (nionohydrato) 
acids; tlie product is then decomposed with 
concentrated liydroehloric acid. It forms yellow 
needles, m.}i. 2Ul°'-202°. It yields fast bluish- 
and grconish-black azo dyes for wool (Eng. I’ata.^ 
7910, 7910a, 15)06; D. K. P. 165650; J. Soc. 
Chem. Ind. 1906, 1298). 

O-Nitro-2-aminophenol forms red needles, 
m.p. I10°-1J1° (Post and Stuckenberg, l.c.). 

For I. number of other monomtro-amino- 
and acetaminophenols, aee Hahle, J. pr. Chem. 
185)1, [ii.] 43, 62; Kehrmann and Gauhe, Bor. 
1^98, 31, 2403; Meldola*and Stephens, Chem. 
Soc. Trans. 1906, 923; see also J, Soc. Chem. 
Ind. 1905, 796). 

When p-aminophenol is dissolved in a small * 
quantity of glacial acetic acid, and acetic anhy¬ 
dride IS added, the amino group is acet^ated. 
IV) the solution at 0°, twice the calculated quan¬ 
tity of nitric acid (sp.gr. P6), diluted with twice 
the volume of acetic acid, is added in small 
jiortions at a time. The product is then poured 
into water and noutrahsed with ammoni^ 2 ; 6- 
dinitrO‘4:-acetaimn<yp}ienol is thus formed. It 
forms dense ochreous needles, m.p. 182° (Me^dola 
and Hay, Chem. Sos. ^rans. 1906, 1203). 

When converted into its sodium derivative 
and reduced with aqueous sodium sulphide, it 
yields ^-nilro-^-amiiioA-acctamiiioyhcnol 
NHAcC,H3(N02}(NH,)0H 

brownish-red needles, m.p. 190°, which forms an 
orange-yellow diazo derivative when treated 
with nitrous acid (Oassella &. Co. D. R. P. 
172978, 1906). * 

4; $-Dlnltro-2-sininopheiiaI (Pkramus acid) 
may be prepared by adding zinc-duat and 
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ammonia solution ttf a warm aqueous or methyl 
alcoholic solution of\)icrio acid imtilthe solution 
is distinctly alkaline. The mixture is boiled 
fur an liour with occasional addition of am^^onia, 
after which it is filtered, the excess of ammonia 
evaporated oi^ the water-lath, and a slight 
excess of acetic acid is added. It is then 
evaporated to dryness, and the residue is 
reorystaKised from boiling water. Or finely 
powdered picric acid (20 grams) is dissolved in 
300 o.c. alcohol and 126 c.c. of ammonia (0'880) 
are added. After cooling to 30® hydrogen 
sulphide is passed in rapidly, so that the tempera¬ 
ture rises to 60®-55® in 1 E minutes. The solution 
is cooled and the stream of hydrogen eulplfide 
continued for 46 minutes. Oystals of am¬ 
monium picramate are deposited; these are 
ooUectod and decomposed by 00 c.c. acetic a(;id 
(1 part glacial aqid to 4 parts water), and the 
pioramic acid rocrystalliaed from boilmg water 
(Egerer, J. Biol. Chem. lOlS, 35, 606). 'J’he acid 
forms fine red crystals, m.p. 105®, which burn, 
but do not detonate on sudden heating. It 
does not precipitate albumin, albumo.scs, 
peptone, or alkaloids. Its alkali salts yield deep 
red solutions, which arc turned yellowish-green 
by acids, and may, therefore, be used as indi¬ 
cators in alkalimetry {Kr6bault and Aloy, J. 

• Pharm. Ghim. 1904, 20, 245; Bull. Soc. chira. 

1905, [iii.] 33, 496 Borchs and Ilcyde, Ber. 

1906, 38, 3938). 

Acetic anhydride reacts with sodium picra- 
mato at 60°, and the resulting product, when 
reduced at 80° by sodium sulpliido, and then 
treated with acid, yields 

4 * Nitro - 2 - amino-6-acetaminophenol, which 
. is hydrolysed by acids to 4-m/ro-2: ij-diamino- 
plmioly the diazonium compound of the latter 
yielding azo dyes (Cassella, J). 11. P. 1(51341 ; 
oD. R. PP. 112819, 11.3241, JU327, 112280, 
110711; Chem. Zentr. 1900, ii. 403, 609, 612, 
647, 698). 

2: ()-Dinitro-4-amInophenol (isoptcram/c acid) 
forms thin yellow needles, m.p. 170° (decomp.). 
The corresponding aoetamino derivaiivo, treated 
with alkali sulphides, forms a compound which 
readily yields azo dyestuffs for wool, very fast 
to washing, milling, 'uiid light (Keverdin and 
Orosel, Ber. 1906, 38, 1693; Eng. Pat. 24409, 
1903; J. Soc. Chem. Ind. 1904, 1025). 

, For other dmitroamiuophenols, see Reverdin 
and Bresel, l.c.; Reverdin, Ber. 1907, 40, 
2848;- ibid. 1909, 42, 1623; Reverdin and 
l)el6tra, ibid. 1906, 39, 125; Meldola and Hay, 
Chem. Soc. Trans. 1907, 1481. 

2:3:6'Triiiitro-4aeetamlnop]ieiiol 

C,H2{0H)(N02)3NH*C0CH3 

is obtained by nitrating diacctyl-p-aminophenol 
with cold fuming nitric acid, the mononitro- 
diacetyl derivative thus obtained is then further 
nitrated by dissolving it m a mixture of fuming 
nitric and strong sulphuric acid, when the above 
trinitro compound is formed. It crystallises 
in yellow needles, m.p. 178°-179° (decomp.), and 
owing to the groat mobility of the meta- NOg 
group it forms a remarkably active synthetic 
agent,(Meldola, Chem. Soc. Trans. 1906, 1936). 

The acetyl group may be removed by dis¬ 
solving it in concentrated sulphuric acid at the 
ordinary temperature, then placing tlje con¬ 
taining vessel in boiling watery or a few minutes 


until a drop of the liquid, mixed with cold water, 
gives a red precipitate—if the latter is brown the 
reaction has gone too far and decomposition has 
sot in. The Uquid is cooled and poured^ on to 
ice. The trinitroamiwphe'nol forms deep red 
needles decomposing at about 146°. It may be 
diazotised in the cold with sulphuric acid and 
sodium nitrite (Meldola and Hay, ibid. 1909, 
1378 ; Meldola and Kuntzen, ibia. 1033; ibid. 
1910, 444 ; ibid. Proc. 340). 

2:4: 6-TrinitrO'3-aminophenol, m.p. 175°, 
may be obtained by the action of ammonia oh 

3- chloro-2: 4; (i-trinitrophenol (Blanksma, Ber. 
1914, 47, 687). 

Kitkocresols. 

The cresols are directly nitrated with 
difiioulty, a small yield of the mononitro 
products being obtained (Staedel, Annalen, 
1883, 217, 49; Khotinsky and Jacopson- 
Jacopmaim, Ber. 1909, 32, 3097; c/. Hollemann 
and Hoeflake, Roc. Trav. chim. 1917, 
36, 271; Marqneyrol and Loriette, Bull. 
Soc. chim. 1919, |iv.] 26, 370). The alkali 
salts of their sulphonic acid derivatives may bo 
conveited into their mononitro derivatives 
much more readily; the HSOj group in the 
latter cannot, however, be eliminated, but by 
reduction they may be converted into the 
corresponding amino compounds .which may 
bo readily decomposed into aminocrosols and 
sulphuric acid (Schultze, Ber. 1887, 20, 410). 

3- Nitro-o-cresoI 

C«Tl3Me(OH)NOa,(Mo : OH : : 2 : 3) 

: is obtamed together w'ith the 6-nitro derivative 
, by drojiping a glacial acetic acid solution of 
I o-crosul into a cold mixture of 3 parts of nitric 
acid (sp.gr. 1'4) and 6 of acetic acid (Hirsch, 

I ibid. 1885, 18, 1512; Noelting and Wild, ibid. 
j 1339). It forms long yellow prisms, m.p. 69-6°, 

' volatile in steam. 

4 Nitro-o-cresoI (Me: OH: NOg=l: 2: 4) is 
best prepared by diazotising 4-nitro-2-toluidine 
in 10 p.c. sulphuric acid at 0°, and then dropping 
the product into boiling dilute sulphuric acid 
(Ullmann and Fitzcnham, ibid. 1906, 38, 37fl||); 
i it forms large yellow crystals, m.p. 118°. 

• 6-NUro-o cresol. prepared by treatap 6- 
nitro-2-toluidjne with sodium nitrite amr sul¬ 
phuric ac^d, or with concentrated caustic soda, 
forms fine, white, silky noodles which, when, 
dried at 100°, have m.p. 94*6-96° (Neville and 
Win\,her. ibid.. 1882, 16, 2978). It is also pro¬ 
duced by, the action of methyl ethyl ketone 
on nitromalonic aldehyde in alkalipo solution 
(lull, Amer. Chem. J.,,1902, 24, 4). 

,, C-Nitro-o-cresol, m.p. 142°-143°, having an 
intensely sweet smell, is formed from the ccoto- 
spending nitrotoluidine by treating it, with 
sodium nkrite and sulphuric acid (Ullmann, 
ibid. 1884, 17, 1961). 

2-Nltro-w-cresol (CHg: OH : NO^^l: 3 : 2) 
is obtained, together with the 4- and 6-nitro 
derivatives, by nitrating m-cresol. It is volatile 
in steam and soluble in water, but has not been 
obtained pure. Its metlwl ether forms oolourlesfl 
crystals, m, p. 88°-89° (i^otinsky and Jaoopson- 
Jacopmann, l.c.). 

4- NItro-m-cresol, yellow crystals, m.p. €6°, 
is formed as above. The best yield of the 

4- iutro derivative is obtained by nitrating at 
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—8® to —6® It is volatile in steam, but 

insoluble in water, and can thus be separated 
from the 2-nitro derivative. 

5- NItro-m-crcsol, m.p. 60 ®-C 2 °; 90^-91® 

when anhydrous, is obtained by treating 6- 
nitro-wi-toluidine with nitric acid (Neville and 
Winther, l.c.). 

6- Nitro -m-cresol, m.p. 129®, is obtained as 
above. It is volatile in steam, and can thus bo 
separated from the 2- and 4-nitro derivatives. 

^ 2-Nitro i3-cresol (CHg: OH : NO 2 --I : 4 : 2) 
may be obtained by boiling diazotisod 2-nitro-^- 
tojjiidme (Neville and Winther, l.c.\ but it is 
best prepared by nitrating p-tolyl carbonate 
CO(OCjH 7 ) 5 { (m.p. 117®); the 2-nitro-p-tolyl 
carbonate COfOCjHgNOalg thus obtained forms 
ellow needles, m.j). 143®-i44®, •\vhioh, when 
ydrolysed with boiling aqueous caustic soda, or 
sodium carbonate, yields the 2-nitro-p-crcsol, 
yellow prisms, m.p. 77® (0. 11. P. ; J. 

Soc. Chem. Ind. 1909, 328). 

With fuming sulphuric acid 2-nitro-p-cresol 
yields acetyl acrylic acid (Schultz and Low, Ber. 
1900, 42, 677). 

3-Nitro-p-Cresol, formed by treating 3-nitro- 
jj-toluidine with nitric acid or concentrated 
caustic soda, forms yellow needles, m.p. 33'5®, 
b.p. 125°/22 ram., 114’6®/7‘5 mm., sp.gr. 1-2399 
at 38-t)®/4® (Noclting and Wild, l.c.; Braschand 
Froyss, Ber. 1891, 24, 1900). 

3: 6 Dinltro-o-cresol 

(dig : OH : NO 2 : N02=l; 2 : 3 : 6) 

forms long yellow crystals, m.p. 80°-87® 
(Cuzoneuve, Bull. Soc. chim. 1900, [lii.] 17, 
201; Noelting and Sails, Ami. Chira. 1885, 
[vi.] 4, 105). Heated with ammonia at ISO® 
it yields dimtrotoluidiiie (Barr. Ber. 1888, 21, 
1543). It acts as a violent poison (Weyl, xbid. 
1887, 20, 2835). 

2 : 0-Dinitro-n-cresol,V^llow needles, decom- 
p )ses when heated, forming a violet sublimate 
(Knecht, Aniialen, 1882, 215, 87) 

3:5-Dinitro-p-cresol, m.p. 86®, is obtained 
by nitrating p-oresol in acetic acid solution with 
strong nitric acid (Frischo, ibid. 1884, 224, 138 ; 
ytaiedl, l.c. ; Chamberlain, Amor. Chem. J. 
"1897,19,633), and by a variety of other methods. 

'M/t : 6-Trinitro-m-cresol, formed when m* 
cresoWs nitrated, long, yellow ncedle.s, m.p. 
109*5® (Murmaim, Ohera. Zentr. 1904^ ii. 430; 
J^oelting and Salis, Ber. 1881,*14,987 ; and l.c.). 

Tetranitro-m-cresol CHg*C(0H)(N02)4, m.p. 
176®, is converted into trimtroorcinol boiling 
water (Blanksma, Pnx*. K. Akad. Wctensch, 
Amsterdam* 1906, 9, 278). 

The relative sensitiveness to the shook of\ 
falling weight of various metallic salts of tr^ 
nitrQphenof and cresol is discussed by Kast 
(Zeitech. ges. chicss. and Sprengstollw. 1911, 
6,7,31,67). • 

Dinitrocresol (Victibria yellow) is sometimes 
used for colouring food. It may be detected by 
digesting the finoly-powdered^saAple of maca¬ 
roni or other food with alcohol, filtering, evapora¬ 
ting to a small bulk and, tasting—if it is bitter, 
picrio acid is probably present. Then warm the 
solution for a few minutes wiih a Jittle pure 
hydrochloric acid, cool and drop a fragment of 
zJno Into the basin. After standing in the cold 
for 1-2 hours the solution will become bri|jht 
blood-red if Anitrocresol is present, and a 
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beautiful blue in the piiesinoe of picric acid 
(Fleck, J. Soc. Chem. Ind. 1§87,60). 

Like the nitrophenois, the nitrocresols also 
form i^etallic, amino, and a variety of other 
derivatives. 

2- £thyIpbenoI O^hlorol formsene mononiiro- 

derivative, a yellow oil, b.p. 212®-2I6°, and one 
dinitro- deftvative (Behai and Choaz, Bull. 
Soc. chim. 1894, [iii.] 11, 309). * 

Nitboxylenols. 

3: 5 DInitro-l: 2* 4-xyienol 

C«H(OH)(N02)2(CU3),(<^H3:CHg:OH:NOa:NOa) 

• =1:2:4:3:6 

forms yellow needles, m.p. 120®-127® (Noelting 
and Pick, Bor. 1888, 21, 3168). 

6-Nitro 1 : 3 : 4-xylenoI also forms yellow 
needles, m.]). 72® (Hodgkinacfti and Limpach, 
Chem. Soc. Trans. 1893,106 ; Fraucke, Annalen, 
1897, 290, 199). 

Symmetrical xylcnol has beeh nitrated by 
dissolving 6 grins, m 50 c.c. of equal parts of 
ordinary, and of 20 p.c. fuming, sulphuric acid, 
•tho solution IS warmed for 15 minutes on the 
water-bath. After cooling 11-0 grras. of nitric 
acid of s}).gr. 1*415 are a(id(!d, the whole, after 
standing, is warmed on tho water-bath, and 
iinally poured into 300 c.c. of water. The pre¬ 
cipitate is filtered, washed, and dissolved in 
boiling water, and tlm potassium salt of the 
symmetrical trinitroxylenol is precijiitated by 
adding potassium chloride in excess to the hot 
solution. It forms brown-yellow^ crystals, from 
which the free phenol may be liberated by boiling 
dilute hydrochloric acid. It forms colourless 
crystals, m.p. 104°, resembles iiicric acid in many 
respects, but is less soluble m water than picrio 
acid and dye.s w'ool in redder shades, whereas the 
corresponding trinitrocrcsol gives greenish- * 
yellow colours. Hnlike both these substances, it 
also gives no reaction with potassium cyanide 
(Knecht and Hibbert, Ber. 1904, 37, 3477; 
Blanksm^, Kec. trav. chim. 20, 422). 

Carmcrol forms a {y-inononilro derivative 

CH3(C3H,)C.H2-N02(0H)(CHg:C3H,:N02:0H 

• =1:4:5:2), 

yellow crystals, m.p. 77®-78° (Mazara and Plan- 
cher, Gazz. chim. ital. 1891, 21. ii. 166), m.p. 
87® (Kehrmann and Schoii, Annwen, 1900, 310, 
109); and a 3 : b-dinitrocarvacrol, yellow needles, 
m.p. 117 ® (Dahraer, ibid. 1904, 333, 346). • 

• Thymol yields an almost colourless C-nifro- 
: thymol 

CH3(C3H,)C,H2(0H)N02(CH3: C 3 H,: OH: NO* 
=■1: 3 : 6 ) 

m.p. 140® (Kehrmann and Schon, l.c. 107); a 
2: ii-dinilrothymolf m.p. 56° (Oliver! and ^or- 
torici, Gazz. chim. il^l. 1898, 28, i. 308). 

2:6: Q-Trinitrolftyhol, yellow needles, m.p. 
110® (Maldotti, ibid. 1900, 30, ii. 366). 

NiraOCATEOHOLS. 

3- NitrocatecboI 

CeH3(OH)2N02(OH : OH : NOg^l : 3) 
obtained by nitrating an^ ethereal solution of 
catechol with fuming nitric acid, forma long 
yellow peedles, m.p. 86®, volatile in steam (Wes- 
selsky and Benedict, Monatsh. 1882, 3, 386). 
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NITROPHENOLS AND THEIR HOMOLOGDES. 


4-Nitrocatechol, Wallow needles, m.p. 174°, 
may bo prepared wy treating catechol with 
potassium nitrite and dilute sulphune acid 
(Benedikt, Bcr. 1878, 11, 362), and bjf other 
methods (D.R. P.81298; FreU. iv. 121 ; Dakin, 
Amer. Chem. <J. 1909, 42,“ 490). It is non¬ 
volatile in steam. ^ 

3 : O-Dlnltrocatechol, yellow ndidles, m.p. 
104°, is‘formed by nitrating oatechol diacctate 
with fuming nitric acid (Nietzki and Moll, Ber. 
1893, 20, 2183). 


NlTROllESOltCINOLS. 

2-llltroresorclnol ' < 

C,H3(01J)uNUo(OH ; OH : NO.-l: 3 : 2) 
may be prepared by adding 22 grins, of resorcinol 
to 150 c.c. of fuming .sulphuric acid (sp.gr. l'H75), 
and wanning o» the water-bath; the 2:4- 
diaulphonic acid thus formed is then nitrated 
\nth a mixture ot 12*0 giTus. nitric acid (sp.gr. 

1 *52), and 40 grms. ol the fuming sulphuric acid. 
After 12 hours the mixliire is poured into water 
and (hstiiled with steam (J>. K. I*. 145190 of 
1004). It forms crystals, m.p. 85", and, wlien 
reduced with tin and Jiydrochloric acid, yichls ] 
the corresponding ammo derivative, whilst if ; 
reduced w'lth iron and acetic acid, it forms 
chieOy benzoylaminoresoioinol 

C«Ha(Ofi).,NH{CUC,H,) 
m.p. 187“ (Kauftmaim and Hay, Her. lOOG, 30, 
323). It v’^bls a introso, halogen, motalhc, and 
other derivatives (Kaufimann and l^raiick, tbid. 
2122 ; tbuL 1007, 40, 3000). 

2-Nitrorcsorciiiol may be coupled with 
diazoniiim chloride aixl azo dyes have hemi pre- 
2 >ared from the resulting product (Kauffinann i 
and Pay, l.c.). . . , , , . 

4- Nitroresorclnol, m.p. 115', is formed like 
'the 2-nitro derivative (Mhilich, Monatsh. 1887, 

8, 420 ; Hemmelmayr, ibid. 1005, 20, 185). 

5- Nitroresorcinol has m.p. 158“ (Jllanksma, 
Proc. K. Akad. Wetensch, Amsterdam, 1000, 0, 
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2:4-Dinltrore5orcinol CflH 2 (OHK(N\l 2)2 
bo obtained by treating the eorrespoiiding m- 
troso compound with /•old mine acid (sp-gi*. 1 ’3) 
(Kostanecki and heinstein. Her. 1888, 21, 3122). 
It forms yellow needles, m.p. 147“-148“ (Hcm- 
melmayr, /.c.).tFor various dorivatives and other 
methods of preparation, see Lippmann and 
Fleissner, Monatsh. 1887, 7, 08; Jackson and 
Koch] Amor. Choin. J. 1809, 21, 511 ; Jackson 
and Warren, ibid. 1801, 13, 170 ; ibid. 1004, 32, 
297; Hemmelmayr, l.r,. 

4; O-Dinitroresorclnol, m.p 214*5 , is formed 
by mixing resorcinol diacetate with *4-5 times 
its volume of well-cooled, fuming nitric acid 
(Schiaparelli and Abelii, Ber. 1883, 10, 872). 

V/hen 100 grms. of resorcinol is nitrated it 
yields a dinitro derivative!,''which, when stirred 
with 1000 grms. of 20 p.c. ammonia solution at 
ordinary temperature, yields a brown solution 
which soon deposits green crystals. I’lic aqueous 
solution of the latter, when suitably thickened, 
printed on fabrics and steamed, gives brown 
shades very fast to soap and light. It can also 
be applied in conjunction with various acid and 
basic dyestuffs wiVi or without mordimts 
(D. R. P. 207465; J. Soc. Chem. Ind. 1909,301). 

Seven paite of mononitroresorcinol,* heated 

with 10 parts of aniline, and 1^0 of hydrochloric 


acid for about an hour On the water-bath, yields 
a compound which dyes iron-mordanted tissues 
a greyish-blue and alumina mordanted tissues a 
blue shade. 

Hinitroresorcinol (8 parts), similarly treated 
with 30 parts of resorcinol and 0 of hydrochloric 
acid, yields a dyestuff which dyes tissues mor¬ 
danted with iron oxide, alumina or chromic 
oxide, ycllowish-browii shades. 

Mono- and dinitroresorcinol, heated alono 
with hydrochloric acid, also yield dyestuff^, 
which, however, are delicient in dyeing power 
(I'oirnerand Ehrmann, Bull. Soc. Ind. Mulhoufie, 
1000,70,69). 

2:4:0-Trinitroresorcinol {Styphnic acid) 
may bo obt ained by the prolonged- action of 
nitric acid oil various gums or r<’sins; or on 
wood extracts (Bottger and Will, Annalen, 1840, 
58, 200); by the action of fuming nitric acid on 
w;-nitroplicnol or uu trinitro])lienol (Bantlin, 
Ber. 1878, 11, 2101); by the action of a mixture 
of concentrated nitric and sulphuric acids on 
iesi>reinnl (.Morz and Zitter, Bcr, 1870, 12, 081, 
2037; (/. Guercwitscli, tVnd. 1800, 32, 2426); by 
the oxidation of diniiroresoremol (Fitz, ihul. 
J875, 8, 031; Bcmiikt and Hiibl, Monatah. 
1881, 2, 320) and by other methods. 

Styphnie acid forms large yellow hexagonal 
crystals, m p. 175*5“; is readily soluble in 
alcohol or in elluT and m part* of water at 
(i3°. It gives a number of nietalliu salts, ethers, 
and molecular compounds with various organic 
eompoiinds (Gibson, (.'hem. Roe. 'J’rans. 1908, 
2098 ; Ullmann and Brack, Bei. 1908, 41, 3939). 
Alkylamine derivatives are described by Je.rusa- 
leni (tfiein. Roc. Trans. 1909, 128fi). 

Tetranltroresorcinol has m.p. ],')2° (Blanksma, 

l. c.). 

Hudroquinoxc or (juntol (1:4-dihydroxy- 
henzene) yields a tuononilm deiivaiivc 
(:.H,(OH),NO, 

m. p. 133°-)34“ (Fibs, J. pr. Chora. 1893, ii. 48, 
179), and a 3 : rt-dimljoquinol, pale yellow leaflets, 
m.p. 135" (Rhaw, Chem. Soc. Trans. 1911, 1609). 


Nmio-OECiNOLS. t 

Mononitro-orcinol exists in two modifie^pions: 

: derivativey orango-coloured crystals, m.p. 

,011H , 

27 °, NOj<^ ))Me, is formed by the inter- 
“ . ‘OITH 

xtion ol an ethereal solution of orcinol and 
in’ iiiolocular equivalent of fuming, nitric acid 
sp.cr. 1-6151. Is volr.tile in steam. 

OH H 


H^ ^Me, is 


Modification, m.p. 122°; 

■ ' OITNOj 

ornied like the o- derivative, but is non- 
/olatile in slpam. It forms brown crystals 
lontamiiig benzerib of cryataUisation, and yields 
;rccii potassium and yellow silver salts (Henrich 
ind Meyer, Bor. 1903, 36, 886). 

2:4-Dinttro-orelnol , C,H(CH)g(OH)j(NO,), 
brms deep'yellow leaflets, m.p. 164*6° (Henrich, 
ilonatsh. 1897, 18, 162); another dinitro- 
lerivative known as fi-fllnltro-orolnol, m.p. 109 - 
116°, has also been described (L^eds, Ber. 1881, 
14. 483). 
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Trlnltro-orclnol C,CHj(0H)j(N02)3, formed 
by nitrating orcinol and also by other methods 
(Merz and ZoUer, ibid. 1879,12, 2038 ; Caseneuve 
and Hugounenq, Bull. 8oc. chim. 1888, 60, 
643), long yellow needles, m.p. 162''-I63’6° is 
feebly explosive above its melting-point. 

NlTROPYBOaAI,I.OLS. 

6-NitropyrogaIlol 

C,H,(0H),N0,,H,0(01I: OH : OH ; NOj 
• =1:2:3:5) 

is, obtained by the action of nitric acjd on 
pyrogalloi in ethereal solution at 0'^. Forms 
brownish-yellow noodles, or prisms which lo.so 
water of crystallisation at lOO^’, tlien molt at 
205° (Barth, Monatsh. 1882, 1, 8lt2). 

4-Hltropyrogallol, m.p. 102°, is formed by 
boiling nitropyrogallol carbonate with water 
(Einhom, Cohliner, and Vfoiifcr, Be#. 1904, 37, 
114). 

4 : O-Dlnltropyrogallol, yellow needles, m.p. 
208°, is formed by the action of a mixture of 
sulphuric and nitne acids on jiyrogiillol oarhonate 
{Rinhorn, (.‘oblincr, and Pleiliel, Lc.). 

NnnOrllLOEOGHJCIN i il.s. 

Phloroglucinol yields a mononitro derivative 
C„Hj(OH)3(NO,)(OH : OH : OH : NO, 


: 3 : 5 ; 2) 
It forms 
Aniialeii, 


when nitrated with weak nitric acid, 
reddish-yellow leailets (lllasiwetz, 

1861, 119, 200). 

Trinitrophloroglucinol t'(OH),(NO,), is 
formed by treating pldoroglueinol tiiacetato or 
trimethyl phloroglucinol with fuming nitne acid 
(NietzkiandMol, Ber. 1893, 26, 2185 ; Blanksina, 
I.C.). Yellow crystals ; loses w.ater of cry.stallisa- 
tion at 100°, sublimes at 130", m.p. 107° (anhy¬ 
drous), explosive at higher temperature.s. 

A large number of halogen nitro derivatives 
of the mtroplienols and their homologues arc 
known; for some recent literature, .ice Dahmcr, 
l.c .; 1). It. PI’. 109304, 234742 ; J. Sue. Chem. 
Ind. 1905, 880; ibid. 1911, 884; Zincke and 
lilostermann, Ber. 1907, 40, 679; Heller, ibul. 

' 1909, 41, 2191 ; and l.e .; Zincke and Breit- 
weistf, ibid. 1911,44,170; itobertson, (.hem. Soia 
Tra^. 1908,788; Ituilford, Amer.(lhera.,T. 191,0, 
44, 209; ibid. 1911, 40, 417 ; Erp. ftco. trav. 
chim. 1910, ii. 14, 187 ; Zintke, Annflen, 1911, 
381, 28. 

NITRO-in-PHENYLENEDIAMINE, 

_NH3 

• nh/ >N 03 


Obtained by heating 4-mtroaiiillne-3-8ulphoiiio drug is found in commerce pari 
acid with ammonia in an autoclave at 170"’-180® ! but little bark, partly as thick 


33-NITR0S0DIMETH\L^NIUNE 

NO<^N(CH,), 

Prepared by adding an aqueous solution of 
sodium nitnto to % strongly coqled mixture of 
dimethylaniline and hydrocliloric acid wliep the 
hydrochlorfrlo separates out as a yellow pre¬ 
cipitate. M.p. 177'^. Known commercially os 
Nitrnao base m. • 

1-NITROSO-^NAPHTHOLv. Quinoneoximk 
Dyes. • 

p-NITROSOPHENOV OH^^NO. Ob- 

tallied by adiling tClutc .suljihunii acnl to a idicnol 
mixed with cold aipioou.s solutions of caustio 
soda anrl sodium nitrite. M.p. ]2b°. 

NITROSOPHENOL and NITROSOPHENOL 
COLOURING MATTERS v. art. Phenol and 
ns nOMOLOGTTES. 

NITROSTARCH t?? Esflosives. 

NITROSUGAR r. ExPLOSrvESt 

‘ NITROSULPHATE ’ OF IRON v. arts. 

Dveing ; Ikon. 

NITROSOLPHURIC ACID v. Sui.i’iiiiR. 

, NITROTOLUENES v. Henzh.ne and its 

I IIOMOI.nolIES ; Tcii.cene. 

p NITROTOLUENESULPHONIC ACID 

S(),H 

(,-H3<^N0,, 

Olitaincd by auliihoiiatiiig /i-nitrotolucne with 
turning sulphuric acid on the wator-bath and 
])ouring the cooled mixture into water (Kaatle, 
Amor. (bcm. d. 11)10, 44, 484; Dorssen, Tlcc. 
trav. ohini. 1910, 29, 371). Palo yellow prisms 
from water, containing 2 H 2 O. Used in the 
manufacture of Stilheiie dyes. 

NITROTOLUI0INES __N02 

m-N'ifro-p-foliiidine CH 3 <^_ 

May bo obtained by treating accto-;)-toluidido 
in sulphuric acid with a mixture of nitric and 
sulphuri# acids and hydrolysing the product. 
M.p. 110°. 

p-Nitro-o-U>luidliic .—ObUtined by nitrating 
cvtoluidino. Por details^ of method employed 
on large scale, ^ce Jansen, Zeitsch. harb. Ind. 
1913, 12, 181 ; quoted by Cain, Intermediate 
Products for Dves, p. 00. * 

NITROXYLENES v. Xylene. 

NIZIN. Trade name for zinc sulphanHate. 

• NJAVE OIL ih Oils, Fixed, and Fats. 

NJIMO WOOD. This wood is obtained from 
the interior of the Cameroons, and contains a 
principle which is said to act like pepsin. The 

.— partly in billAs with 

circular sections 


acid wiin ammonia lu U.11 aiv X iv-iA-v , 

tAktiences fur Anilinfab. 1). R. P. 130438). Also ; of the root uniformly covered with bark., The 

obtaS by hydrolysing the nitraf*d diacelyl wood of both stem i*id root possesses a be*utxful 

compound ^of m-phetylenediamine (Barbaglia, i yellow colour, that of the former being lushed 
Ber^l874 7, 1267). M.p. 161°. Kolublc in ' with red. It is easily reduced to powder with a 
/. ^ rasp, and possesses an odour lite musk. It 

Hydra- , contains numberless circular pores, which con- 
tain yellow resin. The alcoholic extract of the 
Hydra- 1 drug is yellow by transmitted light, but exhibits 
fluorescence resembling uranium glass. 


water, alcohol, or ether. 

p-NITROPHENYLHYDRAZINE 

ZTNBS. • 

NITROPHENYLKYDRAZONES 

ZONES. 


SlTROPHENYLNlTROSAMINE v. Duzo- ! It%pears to contain ni; alkaloid. The resin 
f i contains a bitter substance with a fai 


COMROOTDS. 

NITROSO , COLOURING 

QUIKONEOXIME DyES. 


contains a. bitter substance witn a faint aromatic 
MATTERS • V. i smell ^ugo Schulz, Pharm. Zeit. 31, 350; J. 
Soo. Chem. Ind. i, 501). 
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NONANE. 


NONANE CpHjk ,n-Non&ne imay be pre- i 
pared from heptarlehyde» obtained by the j 
distillation of jcaetor oil, by acting on it with j 
magnesium ethyl bromide whereby it Is con- I 
verted into ethyl-w-hexylcarbinol, from which 
y-iodononane »*and n’A^,-vhnylen€ may be , 
obtained. n-^A^-nom/lene 'ib a colourless mobile 
liquid qf pleasant, pctroleum-liko odour, b.p. 
149*4°-] 49*9®, 1)^® 0*754. On passing its vapour 
mixed with hydrogen over freshly reduced 
nickel at 160°, ?<-nonanc is formed. It is a i 
mobile liquid of fragrant'odour, b.p. 150*4°- 
I60'«°/75<J mm. 1)J'^ 1 ■W26 (Clarke 

and Adams, J. Amor. Cliem. f^oc. 1!)15, 27, 25l>0). 

6'i/(;(i)-N0NAN0IiE v. Azblaio aoii>. 
NONDECATOIC ACID CH^ICH.luCOOH is 
obtained from octadecyl cyanide (Schweit/or, 
J. 1884, 1193);. m.p. 66-5°, b.p, 297°-2yy° 
(100 mm.). 

NONOIC ACIDS CjH.gOn. 

1. Ti’Nonok acid or Pelargonic acid 
CTt3[CH„],COOII 

is contained as an ether in the oil from Pelar¬ 
gonium roscum (I’less, Aunalen, 69, 54), and may' 
bo obtained by the oxidation of oil of rue (from 
Ruin graveolenft [Linn.]) (Ferrot, rhid. 105, (54), 
and of oleic acid (Rcdtenbacber, ihid. 59, 52) 
Also formed by tli^ oxidation of stearolic acid 
(OigHjaOn) (Lirnpaoh, ibvl. 190,197); l^’ boiling 
normal octyl cyanide with potash (Zineke and 
Franchimont, ilnd. 164, 333); by melting unde- 
cylouic acid with iiotash (Krafft, Bor. 1882, 
1691); and by heating the barium salt of scbacie 
acid with sodium methoxide (Mai, Bor. 1889, 


NORDHAUSEN ACID. Fuming oil of vitriol 
or pyrosulphuric acid v. SuLPHtmio acid. 

NORITE V, Qabbbo. 

NORMAL POWDER v. Explosives. 

NORWAY SPRUCE RESIN f. Bbsiks. 

NOSEAN V. Lapis-lazuli. 

NOSELITE v. I.,APis-LAZULi. 

NOSOPHEN V. Synthetic drugs. 

NOTTINGHAM WHITE. Flake white v. 
Figments. 

NOUMEITE V. Gaenierite, 

NOVACULITE v. Whetstone. 

NOVAINE V. Carnitine. c 

NOVARGAN, NOVASPIRIN r. Synthetic 
DRUGS. 

NOVATOPHAN. Trade name for ethyl 6- 
mcthyl-2-phcnylquinoline-4-carboxylate. 

NOVIFORM. Trade name for a bismuth 
compouniFof ietrabromopyrocatechol. 

NOVOCAINE, Trade name fur p-aniino- 
! hcnzoyidiethylaminoethanol hydrochloride, used 
j as a substitute for cocaine. Fine white noodles, 
ni.p. 15(5°, very soluble in water {v. Synitietic 
Diiuoa). 

NOVOCOL. Trade name for sodium mono- 
I giiaiiicol jihosphate. 

I NOVOJODIN V. Iodoform. 

I NOYAU V. Liqueurs and Cordials. 
i NUCIN or JUGLONE. 'I'his sulistance, ob- 
i tained by Vogc‘1 and Keischauer from walnut 
husks, lias been shown by Bernthsen to be an 
I oxynaphthoqumorio CioBgOs (Bor. 1884, 1945). 
NUCLEIC ACID CjaH^oO^NisP^, nr 

0 0 


2136); m.p. 12*5°, b.p. 253°-254‘', sp.gr. ■ CoH.oO.—O—F—0—C.HsOj—0—F—0— 
0*9068 at 170°/17°. lo 4 ^ I* 9 s ^ 

The eharactcrislic odour <'f the quince is C^H^N^ Oil OH 

iirobably due to ethyl polargonate. I'liis ester ' 

'^b.p: 227°-228''; sp. gr. 0*8(555 17*5”/4‘’) is pre-I 0. 


pared commercially for flavouring common ; 
wines, brandy, &c., from the oxidised products 
of oil of rue. 

2. iBoNonoic acid, mdliylha'ijl ncHii^add, or 
a-mci1iylocioic acid CHr;,[CH 3 ] 5 Cjl(Cll 3 )COOH is 
formed by boiling mothylhexyl carhinol cyanide 
with potash (Kullhem< Annalen, 173, 319); b.p. 
244°-246° (corr.), sp.gr. 0*9032 at 18°/. Almost 
insoluble in water; readily soluble in alcohol 
and ether. r 

3. isolleptyl acetic acid or B-meihjloctoicacid 
CH3fCH.4jCH(CH3)CH2*C02H. Obtained by 
heating i.soheptyl malonie acid; b.p. 232°. 
Insoluble in water; soluble in alcohol and 
ether (Venable, Ber, 13, 1(552). 

NONTRONITE. A hydrated ferric silicate of 
a light,-green colour, which, on the expulsion of 
water, changes to a dark chestnut-brown; 
opaque, fracture uneven; lustre resinous; 
unctuous to the touch, and somewhat harder 
than talc. Spocimons found’at Heppenheim, in 
the Bergstraase, and at Andreasberg gave 
numbers agreeing vith the formula 
FcaOa’SSiOajSHjO 

(Thorpe, Proc. Lit. and Phil. Soc. Manchester, 
1869, 1). 

NOPAL. The Mexican name of the cacta¬ 
ceous opuntia, upon which the cochineal insect 
{Coccus coc/i) breeds. ^ 

NOR-ATROPINE, NOR HYOSCYAMINE v. 
Tbodsinss. 


I 


CeH.Og-O-F-O-CaHioO^ 

J ’ll 

(I'jH.ON* OH O^H.ONj (Levene) 


A product of the degradation of the nucleo- 
I proteins of cell-nuclei; derived from yeast or > 
I from the thymus gland. That obtained from 
i yeast is a white friable, tasteless od<5lB“le88 
j substance; practically insoluble in water but 
. soluble iiY’Solutions.of alkaline acetates; readily 
' soluble in solutions of alkalis to form salts. 


Froip these solutions hydrochloric acid pre¬ 
cipitates ilucleic acid in dense curds, soluble in 
J excess of the acid. In presence of a sufficient 
' amount of alkaline acetate acids fail to pre- 
i cipitate nucleic acid.*' A sol tion of sodium 
j nnoleato gives with copper acetate 'solution 
I acidified with acetic acid a greenish-blue pre- 
j cipitate; calcium cliloride in excess in presence 
I of acetic aifid gives a white fioccuJent precipitate 
; which quicldy becomes granular. Silver nitrate 
, in excess whpn added to a strong neutral 
, solution of sodidm nucleate gives a white 
• gelatinous precipitate, soluble in sodium chloride 
forming an opaque colloidal solution. Aqueous 
; solutions of sodium nucleate readily gelatinise^ 
and, if concentr^^ted, set to a jelly. 

! Nucleic acid of plant origin yields on hydro- 
i lysis guanine, adenine, cytosine, uracil, d-ribose 
i (pertose), and phosphoric acid, ^hat of animal 
I origin forms guanine, adenine, 03 rt<»ine, thymine, 




615 


NUTMEG-OIL. 


laevulinio acid {from a hexose), and phosphoric 
acid. 

As used in medical practice it should he 
white, or at most, have a very faint buff colour. 
It should be completely soluble in an aqueous, 
solution of sodium acetate or in dilute solutions 
of ammonia, or of sodium or potassium hydr¬ 
oxides. The precipitate, formed by the addition 
of hydrochloric acid to an aqueous solution of 
the sodium salt, should be completely soluble in 
^n excess of the hydrochloric acid. At most, 
only traces of proteins should be present; a 
5*p.o. solution in a small excess of ammonia 
when heated to 105® should give only a slight 
turbidity. It should contain not less than 
15 p.c. of nitrogen {Kjeldahl process) and 9 p.c. 
of organic phosphorus, reckoned on the dry 
sample (Chapman, Analyst, 1918, 259). Sec 
Protbins. 

NUN. This name is given to th? fatty pro¬ 
duct of an insect found in Yucatan. It is a 
yellowish-brown fatty mass, which has a neutral 
reaction, absorbs oxygon from the eir, melts at 
48‘9®, and resolidifies between 26'7" and 24‘9'^’, 
dissolves easily in ether, benzene, cliloroform,. 
or oil of turpentine, but is insoluble in alcohol; 
saponifies with difiiculty, yielding a pnngent- 
smclling acid called nUc acid, and a volatile oil, 
together with palmitic and stearic acid. Am¬ 
monia colours it red. Its solution in turpentine 
oil is converted, hy exposure to the air, int(i a 
resinous syrup (A. Sehott, Chem. News, 22,110). 
NUT^ALLS r. Gall -NtTTS. I 

NUTMEG. Tlio nutmeg is the kernel of the 
fruit of MyristicM frayrane (IToutt) (v. Mace). 
When gathered the fruit is slowly dried, either 
in the sun or by artificial heat, the hard shell is 
removed and the nutmegs (except m the case of : 
those from Penang) washed in milk of lime. | 
The nuts are then sorted into grades according j 
to their size, the larg<?r and denser being the | 
more valuable. Those which are shrivelled arc 
reserved for the production of ground nutmeg, 
of whicli, however, little, if any, appears on the 
market. 

The true nutmeg is oval qr nearly spherical 
in shape, from 20 to 25 ram. long and from 
15 to 18 mm. wide. It is wrinkled longitudinally 
with a groove marking the position of the rajihb. 
In cross section it has a marbled appcarank:e. 
It has a pleasant and characteristic ^dour and 
a hot aromatic taste. 

Composition .—The preponderating consti¬ 
tuents are a fixed oil, starch, albuirfividf, and 
fibre; the flavour and therapeutic action arc due 
to the volatile oil. 

According to Winto», Ogden, and MitcBell 
(U.S. Dep. Agric. Bureau of Chemistry, Bulletin 
6C, 1902), nutmeg has the composition— 



Max. 

Min. 

Mowture ; . . . 

. »-83 

S-79 

Ash, total . . * . 

. 3-20 

2-13 

. „ sol. in water 

1-46 

0-82 

„ ineol in HCl . .* 

. O'Ol 

o-od 

Ether extract, volatile 

. 6-94 

2-S6 

,, „ non-volatile . 

. 36-94 

28-73 

Alcohol extract . . 

. 17-38 

10-42 

Bednoing matter by i 55.^ 

acid conversion 1 

17-19 

starch by diastase method . 

. 24-20 

14-62 

Cmde fibre , . 

. 3-72 

,2-38 

Nitrogen . . . • 

. 1-12 

1-06 


(For earlier analyses by Richardson, v, U.S. 
Dept, of Agric. Div. of Chemistry, Bull. 13, 
pt. 2. 1887.) 

Thb sole use of nutmeg is as a flavouring 
agent, out the volatile oil is employed in medicine 
as an aromatic an^ carminative.^ In large doses 
it produces epileptiform convulsions. 

The ex^essed oil of nutmeg {Adeps myri- 
Hticae) is used in plasters and hair letions as 
a mild stimulant. It consists^ mainly of the 
fixed oil, but usually contains substantial pro¬ 
portions of the volatile oil also. When freed 
from tills it has the following constants:— 
m.p. 29°-30®C.; saponefication value, 184-180; 
iomiio value, 5fi-o9‘5 (I’arry, Food and Drugs, 
p. 235). 

Adnltciniion .—As nutmegs arc almost in¬ 
variably sold w hole, i.e. unground, adulteration 
is very rare m this country. . 

The substitution of the long nutmeg (JH. 
Anjenica) cannot be regarded as legitimate, 
being much inferior in flavour, still leas that of 
w'ild nutmegs from M. MahlMrica or other 
species of Myrislica. Both would bo detected 
at once by the conijileto absence of aroma, and 
also by their different shape and size. Worm- 
eaten nuts may bo passoil off as sound after 
stopping the holes and coating with lime. This 
will be revealed by careful inspection. More or 
less exhausted nuts may •be detected by the 
reduced fat content. 

Slandards.—Tho United States standards for 
nutmeg are as follow's: The fixed ether extract 
shall be not less than 25 p.c., the ash not greater 
than 5 p.c., the ash insoluble in hydrochloric 
acid not greater than 0'5 p.c., and the crude 
fibre not over 10 p.c. C. H. C. 

NUTMEG BUTTER v. MvaisnCA pats. 

NUTMEG-OIL (sometimes caEed Oil of Mace) 
is obtained by subjecting crushed steamei^ 
nutmegs to a jircssure of about 4000 lbs. per 
square inch at temperatures between 45® and 
75" for about 20 hours. The amount of fat thus 
expressed varies with the origin and quality of 
the nutffiegs, but in the case of Ceylon nutmegs 
it may amount to about 27 p.c. Oy extraction 
with ether the finely ground nutmegs afford 
pearly 43 p.c. of fat. l%e fat at ordinary tem¬ 
peratures is a soft brownish-yellow solid with 
the characteristic smell of nutmeg. It melts at 
48®, and has a density of 0*9B99 at 60®/50®,^ 
an acid value 11*2, a saponification value 
174'(>, and an iodine value 67’8. The«fat ex¬ 
tracted with ether melts at 50®; has a density 
of 0’9337 at 60®/50®, an acid value 12*9, saponifi¬ 
cation value 180*5, and iodine value 46*7 (Power 
! and Salway, Chem. Soo. Trans. 1908, 93, lfi54). 

! The expressed fat contains an e88e9tial oil, 
trimyristin C3H^(CnH2,05)3, a phytosterol, a 
substance of the formula CigHjjOj, oleic and 
linolcnic acids as glycerides, small amoulita of 
formic, acetic, and cerolic acids, together with 
unsaponifiable constituents and resinous material 
{see Nutmeg butter, art. Myristioa fats). 

The essential oil of nutmeg has been ex¬ 
amined by Power and Salway (Chem. Soc. 
Trans. 1907, 91, 2037—which also contains an 
account of the previous investigations of Glad¬ 
stone, Wright, Briihl, Wallach, and Semmler on 
the subject, as well as feferences to its biblio- 
grapliy). It is a nearly colourless limpid liquid 
of sp.gr. 0’8C9 15®/15®, has an optioiu rotation 
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of +38°'4 In a 1 dcm. tube, and is soluble in centres, particularly the medulla oblongata, 
three times its volupic of 90 p.c. alcohol. It Other parts of the tree possess similar physio* 
consists of a mixture of d-ptwnc and logical activity, notably the bark, which has 

together amounting to about 80 p.c.; dip^nicne, attracted attention as an adulterant of cusparia 
about 8 p.c.; d-linalool, d-borneol, i-krpineol, or anguatura and as such is called False Angus* 
and geraniolf together abouUG p.c.; myridicin \ tura Bark {i;. Cusparia Bark). For further ‘ 
CjjH^jOa about 4 p.c.; together with small botanical and historical particulars, v. Fluck. a. 
amounts of an alcohol, yielding on Cxidation a Kanb. 428; Bentl. a. Trim. 178; Oberlin and 
dikelone€^ll^^O.,; an resembling citral, Sohlagdenhaiiffen (J. Pharm. Chim. [iv.] 28, 

yielding a ^S-najjhthacinchoninic acid derivative, 225); Dunstan and Short (Pharm. J. [hi.] 13, 
in.p. 248°; sofrok ; 'myridic, formic, acetic, > ; 15, 1 and 150); Kosoll (Monatsh. 5, 94)/ 

butyric, and octoic ackU, apd a monocarhoxylic txrceniHli (Fliarm. J. [iii.] 15, 60); and Ford, 
acid OjgHjgOa ^11 esters. Ho Kai and Crow [ibid, [lii.] 17, 927). i 

That portion of nutmeg oil which has bt‘en The jioisonous action of nux vomica depends 
hitherto designated as ' myristieul’ is a nuxtllie ujion the jireaenee i>f the two well-known bitter 
of alcohols of which tcipineol is the main con- alkaloids, strychnine, and brucine. The former 
stituent. As normal oil of nutmeg differs in its 1 was isolated fi'om the seeds in 1818 by Pelletier 
physical characters, particularly m optical j and Cavontou (Ann. ('him. [ii.] 10, 142; 26, 
rotatory power, .its composition is evidently ! 44), ami Ihc latter, a year later, from the bark 
subject to considerable variation (Power and and seeds,‘liy the same (diemists {ibid, [li.] 12, 
Salway). Sec Oils, Kssewial. i 118 ; 26, 53). That Htiychninc is also present 

NUTS. IV) name given to various seeds, [ in the hark was shown by Sheiistone in 1877 
some the produce of large trei's, e.y. walnut, ] (Pharm. .1. [iii.] 8, 446 ; 9,154). These alkaloids 
cliostnut; others of shrubs, e.<j. filbert; some ; are widely distributed among the species of the 
even of small leguminous jilants, f.]/. pea nuts, \Shychnos genus. The S. Ujnaiii (Berg.), a 
Nuts are, as a rule, rich in introgeiioiis chinhing plant of the Philippine Islands, the 
matter and in oil, and wlien palatahli^ and , seeds of winch eon.stitute the St. Jngatius’ 
digestible, afford a concentrated and nutritious j Beans, contains both alkaloids. Strychnine 
fo<>d. I irid<‘e(l was discovered by I’clletier and (^aventou 

The following analyses, chiefly from American I m the seeds of this plant {cf. Klliekigcr and 
sources (Bull. 28, U.IS. i)<‘pt. of Agnc. 1899), j Meyer, Pharm. [in.] 12, 1 ; Fhiek. a. Hanb. 
will serve to show tlie average coiujiosition of j 431 ; Xientl. a. 'J’rim. 170 ; (Jrow, ibtd. [lii.] 17, 
the edible portions of many varieties of nuts :— | 976 ; and Ford, Ho Kai and (Jrow, ibid, [m.] 18, 

Carbo- ! ^I’T^bnine and brucine are found also in 

Water ITotohi Fat hyclrates Ash ; Ticuii (Lesch.) of Java, the active ingredient 
Almonds . . 4-8 2P() 54‘9 17'3 2'6 l;)>as-Tieute arrow' janson (l*elletier and 

Beechnuts . 4*0 2P9 57'4 13'2 3-5 C^^veiitou); iii Liynum. coluhnnum. or snake* 

Brazil nuts . 5'3 17*0 66'8 7'0 3-!> ■ wood, from S. colubnna (Linn.), a Malabar tree 

Chestnuts, fresh 45*0 6*2 5-4 42’1 l -3 ; J, J86<i, 716 ; H. G. Greenish, Pharm. 

^Jhestnuts, dried 5-9 l()-7 7-6 74-2 2-2 ,1"'-11914), and 5. (/uWAimuiia (Pierre), the 

Cocoanut . . 14-1 5-7 60-6 27-9 which yields the hoamj-mm of China {cf. 

Filberts , . 3-7 15-6 65-3 13-0 2*4 Phiuebon, J. Pharm. Cliim. 1877, 384; Kaber, 

Hickory nuts . 37 15-4 67-4 11-4 2’J Y.-Bk. Ph. 1881, [38). The Indian drug iidara 

Peanuts . , 9’2 26'4 38*6 24*4 2‘0 derived from S. lignsinna, examined by 

Pecans . . 27 9*6 70'5 lo‘3 1'9 ('reenish, was found to contain brucine 

Pistachio nuts . 4*2 22-3 54-0 16-3 3-2 <mly (Pharm. J. [in.] 9, 1013), while WanJa 

Walnuts . . 2*5 18 4 64*4 13*0 17 from Burmah has been stated to cemtain neither 

H I » strychnine nor brucine (JSraall, Pharm. J. [iv.] 
3b, 516, 622; Kew Bull. 4 and 5, 1917, 121). 
NUX VOMICA, B. P,; U.S. P. (iVota* Otlier poisonous species of Sirychnos depend 

. Fr.; Krahenni^cn, Brechnim, Gcr.). Among upon thc^calkaloid ^rurarine for their activity 
the numerous species of SlrychiMs distinguished (v. Curara) ; and the African shrub akazga, 
for their toxic projicrtics the best known is S. apparently belonging to the same genus, con* 
Atti wmica (Linn.), a medium-sized tr.'o which tains*a nearly related base akazgine (Frazer, 
is found throughout Southern and Eastern Asia J. pr. Chem. 104, [i.] 61). ♦ 
and in the northern part of Australia. TIk^ Strychnine CgiHjaOgNj, the principal alka- 
seeds of the fruit of this tree constitute the nux loib of Slrythm Nux-nymica (Linn.), S. Ignatii 
vomicar=)f commerce. They vary in size from (Bfrg.), S. colubrina (Linn.), 8 . Tteuii (Lesch.), 
19to26mm. diameter and 3 to 6 mm. thickness; and other Strycknos spp. The nearly allied 
are circular plano-convex or irregularly bent, alkaloid brucine usually occurs with strychnine 
greyis’h-green in colour wit,h a satiny lustre, m these plants, but 8 . lihcedei contains brucine 
Internally they consist of* a tough and horny only. The seeds of the firsV tw'o alone are used 
albumen, in the centre of which is found a small as sources of strychnine. The seeds of 8. Nux^' 
embryo. They were introduced into Europe 'oomica vary in tlte amount of total alkaloid 
during the sixteenth and seventeenth centuries, (strychnine and brucine) they contain. As little 
and have gradually become an important as 1 p.c. has boon foundf and as much as 6 p.c. 
article of materia medica. They are known in in the seeds of the Ceylomnux vomica, but pro- 
the market as * Bombay,’ ‘ Cochin,’ and babiy 2*6 pic. may be regarded as a reasons 
‘ Madras ’ seeds. The finest specimens which able commercial average. The oflScial require- 
have been examined' are grown in Ceylon, ment in regard to alkaloidal content in the 
In small doses nux vomica acts as a poyerful ■ British and United States Phartuacopoeias is 
nervous stimulant affecting , certain nerve | 1’25 p.c. of strychnine determined in a speoifi,o 
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manner, which in the case of the former is as 
follows:—7*6 grms. of the seeds in No. 60 
powder are shaken well and frequently during 
thirty minutes with a mixture of 26 c.c. chloro¬ 
form, 50 c.o. ether, and 6 c.c. ammonia solution. 
60 c.c. {=6 grms. of seeds) of the clear ethereal 
extract is transferred to a separator and agitated 
with three successive portions, each of 10 c.c., 
of N-sulphuric acid. The united acid washings 
are made alkaline with ammonia and extracted 
•with 10, 6 and 6 c.c. of chloroform. The chloro¬ 
form is then removed by distillation and the 
<llkaloidal residue flissolved in 16 c.o. of sul¬ 
phuric acid p.c., this solution is heated to 
50°C. and II c.c. of a mixture of equal volumes of 
nitric aeid and water added, and set aside for 
ten minutes This aeid liqiiul is then made 
alkaline with excess of sodium hydroxiile and 
successively shaken with JO, 5 ji^id 5 c.c. of 
chloroform, the chloroform extract Ix'ing 
‘ scrubbed ’ through 5 c.c. of water, and dis¬ 
tilled, adding towards the end 6 e.e. of alcohol, i 
After com])lcte distillaium, the residue is dried 
at J(K)° and w’ciglied; thi.s should be O'OO to 
0*065 grin =1-2 to 1*11 p.c. Tincture, of NuJii 
Vomica is standardiseil in the ihitisli and 
United State's JMiarmaeopeeias resiiectively to 
contain 0-125 aud 0-1 gnu. of stiyrhnine m 
100 0 and may be assayed a.s lullows;— 
100 c.c. are evaporated on the W'ater-bath to a 
syrupy extra- t, washed with 20 c.o water into ' 
a sepaiator, 5 grms. of sodium carbonate in 
26 e.e. water adilcd and the mix tun* agitated 
successively wiili 10,10 and 10 e e. of chloroform. 
Proceed tlieri as In the ease of the 50 c.c of 
ethereal extract in the assay of the powdered 
seeds. Kxtraet of Nux Vomica is standardised to 
contain 5 p.c. of strychnine in both the British 
and fhiitod States Pharmacoj)n)ia.s; whereas 
the Fluid Extract sliciiild eontam 1-5 grms. of 
strychnine per 100 c.c. in the British, but only 
1 grm. per 100 cc. in the United States Pharma¬ 
copoeia. For the assay of tb.) extract 3 grms.— 
or of the fluid exhact 10 c.c.—may he taken, the 
process being substantially that followed in the 
case of the tincture. About ono-1 bird of the total 
alkaloid is strychnine and two-thirds lirueine 
(Dunstan and Short, ibid. 1882-1883, [ui.] Vh 
1053; 1884-1885, 16, 1). The total alkah'ids 
from the seeds of S. Jgmdti arc richer in str/eh- 
nin© than those of S. Nujotvonnea. •Q’lie leaves 
of 8. Nux-ixunica contain strr/chvicine, needles, 
m.p. 240® (van Boorsira, Bull. Inst, hot# Buit. 
1902, 14, 3). • 

Preparation. —^The following process may ho 
used for the extraction of stryciimno and bruginc 
from the seeds of 8. Nltr-vomica or 8 . Iijnaiii. 
The finely-powdered seeds are made int(f a 
paste with water and one-fourdi of their weight 
of slaked lime. The mixture is thoroughly dned 
on the water-bath^ and the dry mass finely 
powdered. The allcaloids are now dissolved 
from it by hot percolation wi^th ^suitable solveqj 
(amyl alcohol, benzene, or chloroform) in an 
extraction apparatus. The solvent is shaken 
with (Ulute sulphuriolicid, which removes the 
alkaloids as sulphates. These salts may be 
crystallised from the neutral soliftion, or the 
alkaloids may be regenerated, and the mixture 
(strychnine and bnicine) extracted with dilute 
(25 p.c.) alo^ol, which dissolves the brilcine, 
and leaves nearly the whole of the strychnine 


undissolved. It is purified by reciystalUsation 
from alcohol. I 

Pi;operlie3. —Rhombic prisms, m.p. 268® 
(Loe^sch and Schoop, Monatsh. 1885, 6 , 868 ). 
At higher temperatures some of the alkaloid sub¬ 
limes unchanged.* According t% Loebisch (be.), 
tho alkaloid distils without decomposition ajb 270® 
under 6 mm. pressure. Lievorotatory,Ja]i,—36® 
in neutral salts (Tykociner, Rec. trav. chim. 
1882, 1, 46). V'ory slightly Jioluble in w'ater 
(1 in 6667, at 15®; 1 in 2500 at 100°). The 
aqueous solution Jh alkaline, and even when 
largely diluted, lias a persistent bitter taste; the 
by:ternesR is perc#ptibk^ in a aolutioo containing 
1 part of fltrycbmno in 7(M.),(M)0 parts of water. 
Tlie alkaloid is sparingly soluble in absolute 
aleobol (0*302 in 100 at 8-2.5°), ether (1 in 
5500 at 2.5°), but is dissolved by chloroform (1 
in fi), benzene (1 in 150 at ^?.5°), amyl alcohol 
(J in ISO at 2.5°), or ‘^0 p.c. alcohol (1 in 170). 

strychnine is a violent poison, giving rise to 
tctaiiic spasms, owing to tho gfeatly increased 
excitability of tlie sjnnal cord. Half a grain of 
the alkaloid has proved fatal to man. 

fttryithnirie is a inonacidic base : its salts arc, 
as a rule, crysiallnic' and soluble in wAler. Tho 
hydrochlondo B'lK’l,2Ho() forms small colour: 
less prisms, and is soluble iii 35 parts of cold 
water; thc' mtrafe B-UNO.-, forms colourless, 
glancing prisms, and is soluble in 80 parts of 
wati'i' at 18''-)0° ; the sulphate B.^-H.^S 04 , 6 H 20 
I forms colourlesH }>nsms, soluble in 31 parts of 
: water at 25°. All these salts are neutral in 
aqueous solution. 

I JtearJums and Deleclion. —Strychnine, which 
IS one of the most stable of alkaloids, is not 
coloured by sulphuric acid, and gives at most 
only a yellow coloration with nitric acid. It 
may be In-ated to 100 ° with sulphuric aeid with¬ 
out being apjireciably affected. When brougtft 
into contact with ccirtam oxidising agents it 
exhibits a striking colour reaction, which is 
generally relied on for its detection. If the 
alkaloi^is dissolved in a drop of strong eulphurio 
acid, and a small jneco of potassium dichromate, 
manganese dioxide, eerie oxide, or potassium 
permanganate is stirrc^l into the mixture, a 
•[ilay of (colours is observed, beginning with blue, 
vvhieh gradually jiasses through violet and red 
to yellow (Marehand, J. Jdi^ra. Chim. [iii.] 
4, !lb0). The only other alkaloids which behave 
exactly like strychnine in this respect are curarin© 
and golsemino. Several alkaloids, however, give 
*a somewhat similar colour reaction, but most of 
these are coloured by sulpbiiric aeid alone, and 
may thus be readily distinguished from strych¬ 
nine. 'J'he presence of foreign organic com¬ 
pounds frequently obscures the colour, and the 
alkaloid to be tested must, therefore, first bo 
isolated in a nearly pure state, and separated, 
as far as possible,•faom any other alkaloid that 
may bo present. This colour reaction cannot be 
obtained in the presence of much brucine, the 
alkaloid which accompanies strychnine in tho 
plant, since it gives a deep-rod coloration when 
oxidised whicli obscures the play of colours pro¬ 
duced by the strychnine. This alkaloid may, 
however, be removed by oxidation with dilute 
nitric acid, tlio strychnijje being recovered from, 
the aeid liquid by adding ammonia and extract¬ 
ing with chloroform (Shenatone, Rhann. J. 
1877-1878, [iii.f 8 , 446; Hanriot, Cpmpt, rend. 
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1883, 97, 267), or th^ ;mixod alkaloids may bo 
.washed with chlorine^ water, when the brucine 
*is converted into the soluble dichlorobrucine, 
which dissolves, leaving a residue of stryQhnine 
{Bockurts, Arch. Pharm. 1890, 228, 326). In 
toxicology, where traces of**impurity in the 
alkaloidal residue would give rise to darkening 
when the sulphuric acid is added, ■frno residue 
may be 'inoistonod with the strong acid and 
heated on the water-bath until the imimrity is 
completely decomposed; water is then added, 
and the strychnine recovered»by adding ammonia 
and extracting with chloroform. 

Brucina OoalUflOjNs.'' alkaloid occurs 
with strychnine in S. ~Nux-v(min'a (Jjinn.) and 
in other 8])ceics of ^^trycJnios. In the seeds of 
S. Nux iwnica about two-thirds of the total 
alkaloid is brucine (Dunstan and yhort, l^hanii. 
J. 1884-1885, [iii.i] 15, 1). In the seeds of S. 
Ignath the proportion of bruemo appears to be 
smaller. 

Prvparaiiov^'Wo. total alkaloid having been 
extracted from the plant by the method de¬ 
scribed for stryebninc, the mixture is repeatedly 
washed with dilute alcohol (2.5 j).e. by volume) 
and the l^rucine (;rystallised from the solution, 
and recrystalhsed several times from the same 
solvent or from water, the fractions which 
crystallise latest being almost, if uoiipiite, pure 
brucine. *' 

According to Fluckiger (Pharm. Chem ), if 
the mixture of the two alkaloids is converted 
into the acetates and the solution is evaporated 
to dryness on the water-bath the stryclmme I 
acetate undergoes dissociation into the alkaloid j 
and acetic acid, which volatilises. The hrueine ' 
acetate remains unchanged, and may be dis- I 
solved from the residue by cold water and j 
crystallised. ]'^or another method which is said 
ti) furnish quite jmre brucine, see. ISbeustone, 
Chem. 8oc. Trans. 1881, 39, 453. 

Properiips .—Brucine separates from its solu¬ 
tions in w'utcr or aqueous alcohol in monoclinic 
prisms containing 4H^O, m.p. 105% or with 
2112 ^) from alcohol (Moufang and Tafel, Amialcn, 
1899, 304, 24). The crystals lose their w'ater 
at 100'^, or on standing over sulphuric acid. The 
anhydrous substance melts at 178” (Claus, Ber.i 
1881, 14, 773); lajvorotalory, [a]j)=in alcohol 
-85®, in cliloroform -119° to 127° (Oudemans,: 
'Annalen, 1873, 166, 69). Slightly soluble in | 
cold water (1 in 320), twice as soluble in boiling 
water, ^ery soluble in alcohol, chloroform, or 
amyl alcohol; insoluble in ether. Brucine and’ 
its salts are bitter, and when subcutaneously 
injected in animals produce a physiological 
action resembling in lund that of strychnine, 
but mu& feebler. When administered inter¬ 
nally to animals it produces little or no effect, 
owing.chiefly to the rapidity with which it is 
eliminated (Brunton, Chem. *1500. Trans. 1885, 
47, 143). 

Brucine is a monacidic tertiary base; the 
ordinary salts are crystalline, and readily dis¬ 
solve in water. 

Reactions .—Brucine is readily distinguished 
from strychnine, since it does not give rise to the 
characteristic play of colours w’heii oxidised with 
chromic acid, &c., only an intense red colora¬ 
tion being produced, whilst brucine is further 
differentiated from strychnine by giving a deep- 
red coloration when mixed wUh nitric acid; 


this is a very delicate test for brucine, and con¬ 
versely for nitric acid. This red coloration of 
brucine is distinguished from that produced 
when some other alkaloids {e.g. morphine) are 
mixed with nitric acid, by the action of stannous 
chloride or certain other reducing agents, which 
when cautiously added change the led colora¬ 
tion to violet, {('f. Wober, Zeitsch. ongew. 
Chem. 1918, 31, 124 ; Analyst, 1918, 360.) 

When heated w’lth strong hydrochloric acid 
brucine evolves two molecular proportions ofi 
methyl chloride (Shenstono, Chem. 8oc. Trans. 
1883, 43, 101 ; Hansaon, Ber. 1884, 17, 226). - 

Detection and eshmaiion .—Brucine may be 
detected by mi^ans of the jiroperties and re¬ 
actions (loa(;ribed above. It may be estimated 
in ])lantH and m nipdieinal preparations by the 
metlioda described in connection with strychnine 
(p. 617). ^ 

Constitution of strychnine and brucine. In 

spite of the fact that these two alkaloids were 
isolated more than a century ago it is only quite 
recently that it has been pos.sible to put forward 
constitutional formula* for them. 3'he principal 
•facts so far ascertained in the chemistry of 
these alkaloids, and which bi^ar directly on 
the problem of their constitution, are as 
follows;— 

Both alkaloiils contain two atoms of nitrogen, 
but behave us tertiary monacidic bases and 
contain no methyl linked to nitrogen. On 
treatment with alkalis they each take up 1 raol. 
of water and form strychmme and hrucinic acids 
respectively. 

Brucine differs from stryihniiic by (*OCH2)2, 
and in yielding 2 mols. of methyl iodide or 
methyl eliloride when heated with concentrated 
hydrjodic or hydrochloric acid. Apart, from this 
the reactions of brucine are exactly parallel 
with those of strychninq. and the whole series 
of brucine derivatives correspond with those of 
strychnine and show a constant difference 
i-OCU,),. r 

These facts warrant the following assump¬ 
tions: (1) Of the two nitrogen atoms one is 
present as an imino group: N’CO, and this is 
converted into: KH*C00i I in the transformation 


XX) 


of strychnine N-OooHo^Ol I , into strychninic 
" % 

acid and of brucine into 


bruciipc acid. The N- atom concerned in the 
change is^devoid of basic properties, and conse¬ 
quently the alkaloids are monacidic, this 
pro^'ierty depending on the second” nitrogen 
atom. (2) Since the ^cond nitrogen atom is 
tertiary, and yet has no methyl group attached, 
it must be linked up with a third carbon atom 
in a ring. (3) Brucine is probably a dimetboxy- 
derivative oi strychnine. ^ 

On treatment with methyl iodide strychnme 
forms a metliiod-ide. which, when warmed Tirith 
barium hydroxide, forms methylstrychnine, 
which behaves as a betaine and is a secondary 
; base; thus it furnished -a nitrosoamine and 
; reacts with methyl iodide to form dimethyl- 
strychnine, U' substance which closely resembles 
N-methyltetrahydroquinoline in its properties, 
whence it may be concluded that strychnin© 
contiins a reduced quinobne nueleus. These 
changes may bo represented thus— ^ 
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XO ,CO 

NiCjoHj.O/1^ -> Mel: N 

Strychnine. 8-methlodlAe. 

-> MeOH: N: C,oH,20 
Stryclinlnifi acid methylhydroxide. 

0-CO 

Metliylstrycljnino. 

The conclusion that strychnine contains a 
tluinolino nucleus receives confirmation from 
the fact that the alkaloid is readily nitrated 
and sulphonatcd, and that on treatment with 
nitric acid it yields duutrostfycholcarboxylic 
acid, which by loss of COg passes into dinitro- 
strychol, which appears to be a dinitrodi- 
hydroxyquinoline (N02)oC5H,N(0^)^. 

The study of the oxidation products of 
strychnine and brucine has also afforded useful 
data. When cither alkaloid is oxidisc^d with 
chromic acid it furnishes an acid 

^^^sHitO^N^CCOOID , 

which contains no methoxyl. so thal. in the 
formation of this acid it must bo the jiortion of 
the molecule containing the two groups 

of brucine that has been destroyed thus— 

Strychiiino Briicino. 

The yield of this acid is unfortunately small, 
but on distillation with ziuc-dust it yields di- 
phenylimide (carbazole), a substance which also 
occurs among the products of the destructive 
distillation of strychnine. On the basis of these 
results Perkin and Robinson have suggested 
that strychnine and brucine must contain both a 
quinoline and a carbazolo nucleus ((’hem. Soc. 
I’rans. 1910, 97, 305)5 and have suggested the 
following formula for Htrychnino— 


1 1 l<'II CH, 

N C OH CH., 

I III" 

CO N—dfl OH., 


CH, * CH-tll 
Stryclmine (Perkin and Robinson). 

The formula for brucine diffefstfrom this 


only in having methuxyl groups substituted at 
positions^ and b. ^ 

The principal papor#telating to the chemistry 
of strychnine and brucine are as follows: €rer- 
hardt, Aimalen, 1842, 44, 270; Compt. rend. 
1844,19, 1105; Nicholson and Abel, Chem. Soc. 
Trans. 1850, 2, 241; Schiitzenbe^er, J. 1868, 
373 ; Stahlschmidf, ibid. 1869, 395; Gal and 
Etard, ibid. 1878, 910; 1879„820; Bull. Soc. 
chim. 1879, [ii] 31, 98; iSchiff, J. 1878, 91(7; 
Claus and collaborators, Ber. 1881,14,766,774; 
Shenstone, Chem. Sefc. Trans. 1881, 39, 466; 
1883, 43, 101; 1885, 47, 139; Oechsner de 
Coninck, Compt. rend. 1882, 96, 298; 1884, 99, 
1077; Hanriot, 1883, 96, 1671; Bull. 
Soc. chim. 1884, [ii.] 41, 235; Plugge, Ber. 
1883, 16, 2(^3; ibid. 1884, 17,a2266, 

2849; 1886, 18, 293, 777, 1917; 1886, 19, 621 ; 


1887, 20, 461 } Loebisi^ and Sohoop, Monatsh. 
1886, 6, 866; 1886, 7, 7f, 709; 1888, 9, 629; 
Stocjir, Ber. 1886, J8. 3429; 1887, 20, 810, 
1108* 2727 ; J. pr. Chem. 1890, [ii] 42, 406; 
Tafel, Ber. 1890, 23, 2734; 1892, 26, 412; 
1893, 26, 333 ; ftOO, 33, 2216 f Annalen, 1891, 
264, 33;^ 1892, 268, 229; 1898, 301, 285; 
with Momang, 1899, 304, 26; with Naumann, 
Ber. 1901, 34, 3201 ; Leuchs and coltaborators, 
ibtd. 1908, 41, 1711, 4393; 1909, 42, 770, 2494, 
2681, 3067, 3703; 1010, 43, 1042, 2362, 2417 ; 
1911, 44, 21.36, 30d(); 1912, 45, 201 ; 1913, 40, 
3693, .3917; 1914,47,370,536; 1916,48,1009; 
L9I8, 61, 1376; J919,*52, 1443 ami 2196; 1921, 
51. 2177; 1922, 55, 564 and 724; Jkirkin and 
Robinson, (3iein. Soc. 'J’rans. 1910, 97, 305 
(this paper give.s a resume of the principal facts 
bearing on the constitution of strychnine and 
brucine); Pi(;tc(' .and collaborators, Ber. 1906, 
38, 2782, 2787 ; 1907, 40, 1172.' 

‘ Igasurine,’ a ‘siijiposctl tiiird alkaloid in 
nux vomica, was reported by Dbsnoix (J. Pharm. 
(3um. |iu.] 25, 202) and Schutzenberger (Compt. 
rend. 46, 1234), but this was subsequently 
shown by Jorgensen (J. pr. (Jhem. [ii.] 3, 175) 
and Shenstone ((3icm. Soc. 3’ranp. 3T, 235; 39, 
453) to be impure brucine. 01 her constituents 
are igawic acid (Pelletier and Caventon, Ann. 
(’/him. [li.] 10, 167 ; 26, 54),probably a variety of 
tannic acid (Ludwig, Arc3». Pbarm. [iii.] 2, 137; 
('arriol, J. Pharm. Chim. 19, 155; Marsson, 
Annalen, 72, 296; Sander, Arch. Pharm. 236, 
133), but according to CiortcT (ihid. 247, 197) 
identical with cMoroiirnk acid CaoHaR^li# from 
cofTco berries. Loganin, (rolourless prisms, 
m.p. 215'^, occurs in the J»ulp of the fruit of 
Ceylon nux vomica to the extent of 5 p.c., and 
on acid hydrolysis yields glucose and loganctin^ 
Dunstan and Short (Pharm. J. 1884, 1025) ; 
11 p.c. of ]iroteuls (Pluck, a. Hanb. Pharnft- 
I eograpbia); mucilage ; sugar ; and about 4 p.c. 
j of a fatty oil {thid.). Meyer (J. 1875, 856); 
(Greenish (Pharm. J. [iii.] 12, 581); Dunstan 
and Short, Harvey and Wilkes (J. Soc. Chem. 
Jnd. 718), Watt and Angus {ibid. 35, 1916, 
201). H. E. W. 

NYCANTHES ARBiJR-TRISTIS (Linn.). This 

• is a large shrub with rough leaves and sweet 
I scented flowers occurring in the sub-IIimalayan 
i and Tarai tracts ; also in ('ontr|il India, Burmab, 
i aifd Ceylon. The flowers open towards evemng 
’ and fall to the ground on the following morning. 

'Phe corolla tubes are orange coloured 3ind give 

* a beautiful but fleeting dye, which is mostly 
j used for silk, sometimes in conjunction with 
' ‘ kusum ’ or turmeric, occasionally with indigo 
I and kath (Watts, Diet. Econ. Prod, of India, 

; 1891, 5,434). 

According to Hill and Sirkar (Chem. Soc. 
i Trans. 1907, 91, 1601) these flowers yieW a red 
j crystalline colouring matter nycantkin. An 
I aqueous decoction treated Avith 1 p.c. of hydro- 
i chloric acid, is warmed gently for several hours, 
the precipitate collected and extracted with 
boiling alcohol. The extract heated with 1 p.c. 
hydrochloric acid deposits the colouring matter 
in red flakes which are washed with alcohol, and 
crystallised from jiyridine or phenylhydrazine. 

Nycanthin separal^s from pyridine in 
minute regular hexagons, and from phenyl- 
hydiazine in rhombic crystals; these are yellow, 
while wet, but«brick red when dry, and melt at 
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285®-287® (Perkin, Chew. Soc. Trans. 1912,101, 
1539). It dissolves it alkalis to form a yellow 
solution from which it appears to be yepre- 
cipitated unchanged by acids, and contayis no 
methoxyl group. With sulphuric acid it gives 
a most intenser blue colour,* which, how’ever, 
rapidly turns yellow, and in this respect 
resembles bixin, the colouring niattervf annatto 
{Bixa Organa [Linn.l). 

The analysesf-of Hill and Sirkar (Z.c.) agree 
closely with C20H27O4 or but <jf these 

formulae the former appeari to be preferable. ! 
Acdr/lw/mvihin and the bro- j 

mine compound aniorphops ' 


powders, have been prepared by these authors. 
Mannitol was also isolated from the flowers. 

For dyeing purposes the material (silk or 
cotton) is simply steeped in a hot or cold de¬ 
coction of the flowers. The addition of alum 
and lime juice to the dye-bath is said to render 
the colour more permanent. 

According to Perkin (private communica¬ 
tion) the flowers of the Cadrela Toona (lloxb.), 
also employed as a dyestuff in India, yield a 
small quantity of crystalline red colouring t 
matter, which closely resembles and is probably 
identical with nvcantliin. * 

A. G. P. 


0 . 


OAK-BARKt The oak tree is generally 
barked from the beginning of May till the 
middle of July. The barkers make a longi¬ 
tudinal inoision with a mallet furnished with a 
sharp edge’, and a peculiar incision by means of 
8 barking-bill. The bark is then removed by 
peeling-irons, the separation being promoted, 
when necessary, by beating the bark. It is 
stacked m pieces about 2 feet long {v. Leathkr). 
Oak-bark tannin contains no inetlioxyl group 
and the methoxy- compounds associated with it 
have no tanmng properties. No compound is 
to be found in the bark from which tannin 
might be produced. 

OAK-GALLS v. Gall nuts. 

OAK-LEAVES. The leaves of Quercus 
semlifiora contain minute quantities of meiliyi 
alcohol, hexcnol, and lower homoiogues and 
liVgher unsaturated alcohols, formic, acetic, and 
higher unsaturatod a<;ids and a variety of alde¬ 
hydes (Franzen, Zeitseh. physiol. (Jiem. 1021, 
112, 301). 

OAK-VARNISH v. Varnish. , 

OATS V . Cerkals. 

OBLITINE V . Carnitine. 

OBREGUIN. A substance intermctliate in 
character between tJie fats and resins, occurring 
in Mexico on the twigs of Althaea rcwca {('av.}. 
Nearly insoluble^ in water; easily soluble in 
ether, chloroform, or turjicntme oil. On 
evaporation its solutions form a colourless, 
odourless mass, of the consistency of turpentine. 
Saponifiable by alkalis. 

OBSIDIAN (Fr. Obsidienne). A glassy vol¬ 
canic rock, generally jet-black or of dark bottle- 
green tint, and nearly opaque, except on the 
thin ed^s, which are translucent. Obsidian 
results from the rapid cooling of lavas of the 
acid t3»pe; the corresponding glass in the basic 
series being termed taciiifiyte. Microscopic 
examination of obsidian usually reveals the 
presence of numerous enclosures, known as 
crystallites and microlites, which arc arranged 
in bands, indicating a flow structure. An 
analysis of obsidian from Obsidian Cliff, Yellow¬ 
stone National Park,Wyoming, gave: SiO^ 74*70, 
AljOa 13*72, Fe-Og 1*01, FeO 0*62, MnO trace, 
CaO 0*78, MgO 0*14, K,0 4*02, Naja3*90, HjO 
0*62, PeSj 0*40 ax:99*91; sp.gr. 2*34. This com¬ 
position is also that of a granite and a rhyalite. 
Other well-known localities are Iseland and the 


Lipari Islands. Obsidian being a homogeneous 
glass breaks with a typically oonchoidal fracture. 
It can be cluppcd and llakcd with sharp-cutting 
'jdges, and hence in parts of Mexico where the 
material is abundant, as at the (’erro do las 
Navajas (‘ Hill of Knives’), it was used by the 
Aztecs for knives, razors, and arrow-heads. It 
has also bi'cn employed by aavagi's in other 
volcanic countries. Obsidian has occasionally 
‘ been cut and polished as a geni-stone, but 
; displays too little colour, even when thin, and 
is, moreover, too soft for general use. The 
I hardness is somewiiat higher than that of 
i window-glass. A variety with a ricli silvery 
i sheen is, however, used for ornamental puiqioscs 
! Ill the Caucasus, while a brownish-red streaked 
I variety, known as ‘ mahogany-obsidian,’ has 
been employed to a limited extent as a decorative 
material in the United ,States. On Obsidian 
f’hff, Yellowstone National Park, v. J. P. 
Jddings, Seventh Ann. ilep. U.S. Geol. Survey, 
1888. - L. J. S. 

OCCLUSION {occludo, to enclose). Graham’s 
term for the procesf of absorption or condensa¬ 
tion of gases within the pores of a substance, 
c.fj. the absorption of hydrogen by platinum and 
palladium, or the condensation of marsh-gas or 
fire-damp in coal. 

OCHRE. A name applied to various native 
pigments, rfislinguished according to colour as 
yellow, brown, and red ochres, and consisting 
essent^illy of ferric hydroxides (represented 
by the rtineral species hmonite and turito), 
usually more or less earthy by admixture with 
clay, or sand. When containing much manganese 
they pass into umber.(5.1).). Deposits of fine 
yolfow ochre occur in the Lower Greensand of 
Shotover Hill, near Oxford. Red and brown 
ochres are commonly associated with iron-ores, 
especially with the haematite occurring in pockets 
in the Carboniferous Limestone, and have been 
orked in South .Wales, the Forest of Bean, near 
ristol, at Brixbam in Devonshire, Ulverston in 
Lancashire, and near Workington in Cumber¬ 
land. Some of the finest ochres of oommeroo 
are obtained from France^ and are known as 
Auxerre and* Rochelle ochres. In the United 
States, ochres are worked in oonnection with 
many deposits of iron-ore, especially in Virginia 
and Bennsylvania. Ochre is deposited by the 
water of chalybeate springa and by the waters 
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(Perkin, Chen. Soc. Trana. 1012,101, 
1539). It dueolveft iL alkalia tn form a yeUo’w 
enlutjon from whioh it appears to be ^epre- 
oipit&tod unchanged by acidii, and eontni/ia no 
methoxyl group. With sulphuric acid it givea 
A most Intcmao bine colour,* irhich, however, 
rapitily turns yellow, and in thU respect 
roeembleft bizin, the oulounrig jii utterVf annatto 
(^tra Or^/arui [Linn.]]. 

The analyses of Hill and Sirkar (f.c.) apirec 
cloanly with or hut rjf these 

tormulse the former appeart to be pix^fi^rnbic. 

and the bro* 

mine compound amorpbeyB 


powders, have been prepared by theae authon. 
Mannitol was also iaolai^ from the flowen. 

per dyeing purposes the Tiiaterial (silk or 
cotton) is simply steeped in a hot or cold de¬ 
coction of the dowers. The addition of alum 
and lime juice to the dye-bath ie stud to render 
tho colour more permanent, 

Aeuurding to Porkia (private comTnunica- 
lion} the flowent of tlio Cedrefa Toona (Koxb.), 
ali^o employed as a dyestuff in India, yield a 
small quantity of crystalline red colouringt 
mutter, which cJ^wely resemblee and is probably 
identical w’ith nyuanthin. ♦ 

A, a r. 
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OAK-BARK^ The oftk Irop iu generally Lipari Inlands. Ohaidian being a hum(^gcne<jua 
barkod from the beginmn^ of May till the glass bruaka vith a typically oonchoidal fracture, 
middle of July. The barVern make a huigi-: It can ohipjavd and lUked wtK sharp-oxiltlng 
tuUin&i inoisioii 'ajth a m;vUct furnisiicd witii a '.dgea, and hrnoc jn parts of Mejuco where the 
sharp edgt^ and a pccuiiur inciSKm by loeane of inatcual is abundant, as at Ihn (k'rro do Us 
s barking'bill, 'J’ho bark is then icmoved by Kavajoe Hill of Knives’), it was used by the 
peplmgdrona, tbo separatirm bt‘jng juomoted, Azitoca for knivoa, razors, and arrow heads. It 
wbon neocaHaiy, by bmiing tliL baik. Jt in has also Ixhni employed by aavngoH in other 
stacked in pim^ about 2 feet long (o. Ll£AT>if(K). Tuhiaiuo ooiiiitrics. Obsidian has occasionally 
Oak-bark ianmn (uiuialns no luetboxyl group l>ceii cut and [lolished as a gem-stone, but 
and the methoxy- eompounde associated with it displays tiro lltiU colour, even when, thin, and 
have no tanning pro^Kirtie.s. Ko cnnipound is is, moreover, too soft for general use. The 
to bo found in the bark from whiuii tsuuln I iianlnesa Im Homeuiiat higher tJiun that of 
might be jiTi}dia:otJ. • wiiuiow-gliisH. A variety vi'ilh a rich silvery 

OAK-GALLS (taUj >fUT.<. sheen la, Jiuwcver, used for ormunrntal ]iurpoacs 

DAK-LEAVES, The leaves of QueTc.iis \ in the (Jauc.osiis, a browiuhli-red streaked 
sfsathfiortj contain mmulc quaiititioa of methyl \ variety, known ’ mahogany-ubsidian/ 
alcohol, hexcnol, and iow'Cr homologues and hcint employed to a limited extent aa a decorative 
ij^her unaaturateJ alc^diuU, foruuc, aeutir, und j material in tlie United .t^tatca. On Obsidian 
higher unsaturaterl a^dda and a vancty of uld<5-1 UJiH, ydlowstonc National Park, v. J, i\ 
hydra {Fmnzcn, Zcit^eli. physiol, (Uiem. 1P21,: Iddings, (kiventh Ann, ibep. U-^- CeoL Survey, 
1J3,30J). 1S88. * L. J. 8. 

OAK-VARNISH i'. Vakni.mi, I OCCLIISIOBT {oedudo, to enejow). Grshwn’a 

OATS V. Ct:UKAI.S. torm tor the piocosf of abnorption or condcnisa- 

OBUTIHE r. (UuMiTjNK. tion of gnaus within the poren of a subatance, 

OBREGUIN. A aulf^taiice intormediate iu e.^. the abtmrpUon of hydrogen by pUtiimm and 
obaraictor between tiio fatei and re.Hinx, occurjing <) pajUdium, or the condensation of luarah-goa or 
in Mention on the twiga of Alihuca rwfu ((Uv.).' lire-damp in coal, 

Nearly inaolubli^ in water; naaily soluble iti OCHRE. A name appliod to variona native 
ether, ehloroform, or turjK'ntmu oil. On I pigmontii, rfistniguisUod according to ouloiir as 
evaporation its solutions form a culourlesa, [ yellow, bixiwn, arid red ocibres, and (>oiiBisting 
odourleaa mass the consistency of turpentine.. csacniyifly of ferric hydroxiclv^ (repreoeated 
Saponifiable by alkalis. } by the Mineral apecicn hmonite and tnrito), 

OBSIDIAN (Fr. ObsidicvnpX A glasay vol-; usually more or loss earthy by admixture with 
canie rock, generally jet-black or of dark buttle- ^ clayuraaniL When contaiuiog much manganese 
green tint, and nearly opa<[uc, except cn the they puss into umber.Deposits of fine 
thin ed^B, which are translucent, Obeidiau yolfow ochre occur in the Lower Greensand of 
reflults from the rapid co{>llng of Javaa of the Shotovor Hill, near Oxford. Bed and brown 
OiCid type ; the corresponding gloss in the basic ixihres are commonly Aosociated with iron-oiee, 
flcrlea being termod iaciipifle.. Mjoruscopio ospociaiiy wJifi the htomatite oocuning in pockets 
exammation of obsidian, usu^y reveals tbc in the Carbetuferons Limestone, ana have been 
presenoo of nnznorous enclosures, known as ^urked in South JVales, the Forest of Dean, near 
crystallites and microliics, which arc arranged urietol, at Brixham m Devonshire, Ulveratonin 
in bands, indicating a flow structure. An Lancashire, and noat Workington in Comber- 
analysis uf obsidian from Obsidian Cliff, Yellow- land. Some of the finest ochres of oommecoc 
stone National park,Wyoming, gave: SiO^ 7470, are obtained from France^ and are known as 
A1|0} Id*72, Fe.0,1*01, FeO 0*62, fiinO trace, Auxerre and' Rochelle ochres. In the UniW 
CftO 0‘7b, MgO 0'14, KjO 4'02, Na^GS'^O, II|0 States, ochres are worked in connection with 
0*62, FeSg 0‘40 b99'Dl j sp.gr. 2 34. This com- many deposits of iron-ore, especially in Viigiaia 
wsition la also that of a granite and a rhyelito. and firnnajlTania. Oohie is deposited by the 
Other well-knowD iocoUties are isdaod end the water of chalyfaiMte springe, and hy the wotarf 
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issuing from mines; in some oases such material 
is collected. Red ochre is formed as a by« 
product in the roasting of iron-pyrites. Some 
ochres are so pure as to bo ready for use after 
having been simply dried, ground, and bolted; 
while others require careful preparation by 
washing and levigating. Sometimes the material 
is roasted to obtain the required shade of deep 
brown or red. The value of an ochre depends, 
not only on its colour, but on the proportion of 
oil required to-be mixed with it for use as a j 
pigment. The presence of liiioly-clivided silica I 
^ not always detrimental to an ochre, inasmuch ! 
as it may enable the paint to adhere to fibres of : 
the wood to which it is applied, and by filling up i 
spaces may improve its covering yiowcr. Coarse 
ochre is extensively employed in 4he manufacture 
of oilcloth and linoleum, while the finer kinds of 
ochre are valued by the yiaper-maker for stain¬ 
ing the pulp to its required tint, beffig csjiecially 
used in the manufacture of brown pajier. Jn 
commerce the term ‘ oclirc ’ is fi-equeiitly re- ; 
strictod to tliQ*pale yellowisli-hrowii vaiieties. j 
In mineralogy, on the contrary, it is extended ! 
to a variety nf metallic uxidrs and other cum^ I 
pounds formed as products of alteration ana 1 
occuning as eartliy incrustations on the minerals ! 
from which they liavc been deiived by atmo¬ 
spheric. action. Thus the mineralogist recognises 
such bodies as antimony-ocluc, bismuth-ochre, 
molybdic-ochre, nickel-ochre («in arseniatc), 
uranium-ochre (a sulphate), and wolfram-ochre. 

Bvjerences. —G. P. Morrill, The, Non-Metallic | 
Minerals, 2nd cd. 1910 ; T. L. Watson, Ochre i 
Dejiositsof Georgia, Bull. Georgia G<miI. (Survey, 
loot). No. Ill; J. M. Hill, Mineral Paints (with 
Bibliography), Min. Res. U.S Geol. Survey 
(1912). 1913, 2, 961. h. J. S. 

OCHROITE V. Gkrium metal.s. 

OCRE DE RU. Broun ochre t. Pigments 

OCTAHEDRITE Anatasr. 

cycio-OCTANONE v. Ketonks. 

OCTITOL V. Carbohydrates. 

OCTOIC ACIDS. t’sH,,!),. 

1. n. Ocloic mid or caprflw acid 
OHjPIjl.C'OOH 


■Rxists as a glyceride in butter, and in human ^ 
fat, and especially in cocoa-nut oil. Jt is iJlso 
found in cheese, among the products oi the,dis¬ 
tillation of fat by superheated stmiii, and m 
many fusel oils, partly fr8c and partly in com¬ 
bination with different alcohol raUiclcs. It may 
be prepared by oxidising normal •(dyl%lcohol, 
(Zinckc, Amialen, 162, «) or by the dry distilla¬ 
tion of pleic acid (dottlieb, ibid. 67, l>3). It 
melts at 16-6° and ,boiU at 237-5“, i^i.gr, 
0-9100 at 20°/4“. Sparingly soluble in cold wi^er ; 
400 parts of water at 100° ^ssolve 1 part of 
the acid; readily soluble in alcohol or ether 
(Zincke, i.c.). . *, , • .j 

2. DipropiilacctK acid, a-propijlvalcnc acid 
(C.H,),CU-c 6()H, is obtoined by boiling ethyl 
dipropylaeetoaeotate with potdkb (Jiurtoii,Ani®-. 
Chem. J. 3, 389), or by heating dipropylmalonic 
acid (Furth, Monatsh.S, 319 ; v. also method of 
Oberreit, Ber. 1890, 2000); b.p. 219-6°, sp.gr. 
0-9216 at 0°/4°. Sparingly soluble in water. 

3. iso-oefnte acid is obtained by the oxida¬ 
tion of i«o-ootylaloohol (WiUiams, Chem. Soc. 
Trans. 1879.128), b.p. 218°-220°, sp.gr.^0-911 
Bt20°/4°. 


4. Odoic acid from isodibntyleno 
CfCHjjjCH^-tlKCH.jCOOH 


f(>rnM“d by the oxidation of the hydrocarbon; 
boilwat about 216® with pai*tial decomposition 
(Butlerow, Annaj^n, 189, 72). Probably identi¬ 
cal with Mo-octoic acid. • 

6. Etfwlhutylacettc odd, a-dhyllte^oie acid 
(IHalOHoJaCHl’C^HslCOOH. Obtaint^ by the 
oxidation of oori*esponding alcohol (Raupen- 
atrauch, Monalah. 8, 116). B.p. 225® (Rapor, 
Chem. Soc. Trana. 1907, 1837). 

C. Ethyl\HohutiJ^ic(lic, acid, a-eihyUy-mpiltyU 
valeric add (CH3)^CH'OH2‘CH{C2H5)CO()H. 
(Obtained by heating ethyli-vobutylacetoaoetate 
with alkali and alcohol (Guye and Joanpretre, 
Bull. Soc. chim. |iii.j 13, ikl), b.p. 219®-220® 
(729 mm.); ap.gr. O-OOli at 20®/4®. 

OCTyi, Vnpryl 0^14,The eighth alcohol- 
radicle of the aenos f. J^ike other mem¬ 

bers of this 8eriefl,.it cannot exist in tlio free 
state ; when liberated from ita^compoimda it ui 
converted into dioctyl a body isomeric 

and perhaps identical with ceryl hydride. 

'I'he coinpouiidH of this radicle occur m petro¬ 
leum, 111 the seeds of the common- and cow- 
parsnip, and in the products of tlic distillation 
of some varieties of coal. • 


(.k'TYL AiiiJoiioL GsHi7'011. a largo num¬ 
ber of isomerjo alcohols .with this formula are 
])ossiblo, hut only the followiiig have been pre¬ 
pared :— 

(1) Normal octyl alcohol, a-hjdroxy octane 
CHatt’fliUOlI, occurs in the fruit of Ihracleum 
Sphondylrom (Ijinn.), thif cow-parsnip, as the 
acetic aeid ester (Zinckc, Annalen, 162, 1 ; Mds- 
j linger, ilnd. 185, 26); and as the acetate and 
' butyrati^ in the oil of Heradcum villoaum (Fisch.) 
(Franchiinont, Ber. 1871, 822). Oil expressed 
from the ripe fruit ot PcncedaniLin .suftt*M?«(Ben^^. 
and Hook.), the common parsnip, is almost pure 
octvl butyrate (Kenesse, Annalen, KiG, 80). Jt 
boils at J96-5" and has sp.gr. 0-8376 at 0® 
(Zander, Annalen, 224, 84). 

(2>Methyl hexyl carbinol, ^-hydroxy octane 
('B.,LCJL]c(’H(()H)CH 3 , b.p. J79®-179-2® at 
702 mm. (Sehiff, ibid. 220, 103), 177‘G°-177‘8® at 
745-4 mm, (BriihJ, ibid. 203, 28); sp.gr. 0*8193 
at 2U®/4® (Bruhl). Heat of combustion 1,262,106 
cal. (Luguniu, Ann. Chim. [v.] 26, 141). 

. It IS formed by the distillation of alkaline 
ricinoieates with excess of potash (Moschniil, 
Annalen, 87, 111; Bouis, Ic.; Stiidcle^ J. 1867, 
368; Hachauer, Annalen, 106, 269 ; Schorlera- 
mer, ibid. 147, 222). By the distillation of the 
saponified oil of the seed of Jatropha curcadf 
(Linn.) (8ilva, Zeitseh. Chem. 1809, 185). 

It is a limpid, oily, inactive liquid, with a 
strong aromatic odour, soluble in alcohol, ether, 
wood-spirit, and acetic acid; insoluble in water. 
It dissolves phosjihorus, sulphur, iodine, fused 
zinc chloride, fats, feains, and copa-ls. 

Preparation .—(yastor oil (which contains 
sodium ricinoleale) is distilled with excess of 
potash; the portion which passes over between 
176®-180® is collected and purified hy fractional 


distillation. r , , , 

On oxidation it yields, first, methyl-hexyl 
ketone MeCOC.Hjs; subsequently acetic and 
normal caproic acids fire formed. It reduces 
silver oxide (but not nitrate) when heated 
witff it, forijiing a metallio mirror. With 
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hydrochloric acid, phosphorus pontaohloride, 
bromine or iodine an(| ^osphorus, &c., it ex* 
liibits the usual reactions of secondAry alcohols. 
The ketone CoHi.Cl/CO’CCls is produced on 
saturation wth chlorine (A. Brochet, Bull.'Soc. 
ohim. [iii.] 13,12^). « 

(3) Methyl isohexyl carbinol, B-hydroxy-^- 
melhyrheptane CH 3 'CH(OH)[CH 2 ] 5 Cli^CH 3)2 is 
produced by the reduction of methyl isohexyl 
ketone CH 3 -CO[CM.>] 3 CH(CH 3)2 (Welt, Ann. 
Chim. [vii.] C, 136). It boils at 1G7°-169”, 
and has a sp.gr. 0'8174 at 2^'’. It is optically 
active [a]"^'“4-'09° 

(4) Methyl dipropyl carbinol, 8-hydroxy-^ 
methyl hepUine 0113 * 0 ( 03117 ) 2 ( 111 , has been jn'e* 
pared by Gortaloff and Saytzeff by tho action 
of 202 grams methyl iodide and excess of zinc 
on 70 grams butyicno (.1. pr. Chem. [li.] 33, 
204). It is a litjufd boiling at J<>1*6“, and of 
sp.gr. 0*82479 at 20^ 0,u oxidation with 
chromic acid it yields cliiclly acetic and propionic 
acids. 

( 6 ) y-Hydroxy -8 ethyl hexane 

(0,ll,),C\VCH{OR)CJl, 

may be prepared from bromoacetyl bromide : 
and zinc ethyl (Winogradow, Arnialen, 191, 1 
140). It bods at 1(>4"-I0r>‘^, and on warming j 
with hydrogen iodide jdclds the iodide. 

( 6 ) Diethylpropylcarbinol, h-hydrory-h-'thyt ' 

hexane (OjHgj.CiCall,)!)!! is prepared from 
butyl chloride "and zqio ethyl (Butlt'n)W, Hull. : 
Soc. chim. [li.] 6 , 17). The product is left for ! 
several days till it becomes viscid, it is then ■ 
heated, acidilied with hydiochlorio acid and I 
distilled. It has an alcoholic, canipboraceous j 
odour, is lighter than water, in which it is 
slightly soluble and boils at 145 -165”. On , 
o»;dation vnth chromic acid it yields propionic ; 
and acetic acids. ' 

(7) Diethyl isopropyl carbinol, y-hydroxy-h- 

methyl-y-eihylpentane <JH((JH 3 ) 20 (()H)( 02 ll 5)2 is 
produced together with ethyl isopropyl carbinol 
and ketone from i.sobutyryl chloride ( 1 ^ mol) 
and zinc ethyl (2 mols.). Tho reagents are 
mixed and allowed to stand in ice for three 
days and subsequently kit together for five or 
six months, after which the mixture is treated 
with ice water (Grigorovitch and Pawloff, J. 
Kuss. Phys. Chor. 1 . JSoc. 23, 1(>9). It boils fit 
169*6®-16i° at 760 mm. and has sp.gr. 0*84fi3 
at 0 ”. . 

( 8 ) DiwobutylhydrateCftHi 70 H. Two alcohols 
of this name are known. (1) A primary alcohol 
of unknown constitution. It boils at J79”-180” 
at 705 mm. (uncorr.) remains fluid at - 17® and 
ha s sp.gr.<0’84] at 0®/4®, 0*828 at 20®/4® (Wil¬ 
liams, Chem. Soc. Trans. 1879, 127). (2) A 
secondary alcohol obtained mixed with the 
primary*and separated from it^by fractionation. 
It boils at lt)0®-i63®/76*6 ifun. and has sp.gr. 
0*820 at 16®/4®. 

(9) /^odibutol, jS-/w(/roa:7/-)388 ■trimeihylpen- 

tane (CH 3 ) 3 C*CH 2 *C(CH 3 ) 20 H. boils at 14«*6”- 
147*6®, and has sp.gr. 0*8417 at 0®/0®. It is a 
oolourles'* viscid liquid, with a musty camphora- 
ceous odour. It is prepared from dii«obutylene 
hydriodide and silver hydroxide. On oxidation 
it yields acetone, trim^thylacetio acid, acetic 
acid, and octolc acid and a ketone 

C 7 HJ 4 O (Butlerow, Amialen, 189,^). 


(10) Octylene hydrate CgHi-OH is of un¬ 
certain constitution. The iodide results from 
the action of hydriodic acid on octylene. The 
alcohol is a clear liquid, boiling at 174®-178®, 
and of sp.gr. 0*811 at 0®. On oxidation acetic 
acid, caproic acid, and a ketone CbHjjO are 
obtained. 

Octanes, "CgHis. Eighteen isomeric hydro¬ 
carbons having this formula arc theoretic^ly 
possible. Two of these occur in American 
petroleum (Mabery and Hudson, Amer. Chem. , 
J. 1897, 19, 266), and are found in the portion 
boiling between 115° and 130®. w-Ootane i^ 
found among the light oils obtained by dis¬ 
tilling Wigan cannel coal at a low temperature 
(Scliorlemraer, Chem. Soc. Trans. 1802, 419). 
Ligroiii consistl essentially of hydrocarbons 
having the formulse C 7 Hj 3 and CsHis (Pelouze 
and Oahour.s, Annalen, 127, 107). 

(1) ?t-Octfkne, oclyl hydride CIIaLCHaleCHs, 

b.p. 125*(i® (corr.), sp.gr. 0*71883 at 0®/4® 
('i’horpo, (Jhem, Soc. Trans. 1880, 217); b.p. 
125-27700 7nm., sp.gr. 0-7008 at 15716°, nf° 
l-3i)G3 (Clarke, J. Amor. Chem. Soc. 1911, 33, 
.520; c/. Schoi-lemmer, Annalen, 161, 281). 

h'or thermal cxjmnsion, Thorpe (l.c.), in.p. 

— 57-4° (l)o yorcrand). 

Occurs in American petroleum ; prepared by 
reducing wc-octy! iodide with zinc and hydro¬ 
chloric acid (Schorlcmmer, tind. 162, 162), or 
n-oetyl iochdo with podi-um amalgam (Zincke, 
ibul.'ir>'2, 16); by the action of sodium on 
?i liutyl iodide (Sc-hoilemmcr, l.c.) ; by heating 
sebacic acid with baryta (Riche, ibid. 117, 206). 

Colourless liquid, having a faint ethereal 
smell. On warming with nitric acid (sp.gr. 
1-42) mono- and dinitro-octane, acetic, succinic 
and oxalic acids, and carbon dioxide are obtained 
(Worstall, Amer. Chem. J. 1898, 20, 212). 

(2) ;3-Methylheptane, im-oclane 

CJI,lCH,],CH(CH3)j 

b.p. U6-0°/7(il mm.,; sp.gr. 0-7035 at 15°/16°; 

’ r-3944. Has been syritliesised by Clarke 
(J. Amer. Chem. Soc. 1909, 31, 107). 

(3) y-Methylheptane 

CH,[CH3]3CH(CH3)CH3-CH3 

b.p. 117-0°/760 mm.; sp.gr. 0-7017 at 16°/16°; 

1-4022. Has been synthesised by Clarke 
(ibid. 658). *'The method of Welt (Ann. Chim. 
[vii.J 6,121) does not yield a pure product. 

(4) h-JUpthylheptane 

CH3[CH,]sCH(CH3)[CHJ3CH, 

b.p. 18-0°/760 mm.; sp_.gr. 0-7217 at T5715°; 
Up** .,1-3978. Has been synthesised by Clarke 
(Amor. Chem. J. 1808. 39, 87). 

(6) j8y-0imethylhexane 

CH3tCH3]3CH(CH3)CH(CH3)3 

b.p. 113-6°/768 mm.; sp.gr. 0-7246 at 16°/16°; • 
iHjf 1-4076. Has been synthesised by Clarke 
(J. Amer. Chem. See. 1911, 33, 620)^, 

(0) ySS-Dlmethylhexane' 

CH3-CH3-CH(CH,)CH3;CH(CH3), 

b.p. l]0-0°/763 mm.; sp.gr. 0-7083 at 15716°; 

1-3986. Has been synthesised by Clarke 
{ibid. 1908, 30, 1144). 
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(7) ^e-Blmethylhexane, dimtmtyl 

(CH.),CH[CHJ,CH(CH,), 
b.p. 108-53“ (corr), sp.gr. 0-711 at 0“/4“ (Thorpe, 
Chem. Soo. Trans. 1880, 219); b.p. 108-25°/760 
mm.; sp.gr. 0 6991 at 15715“, }'3930 

(Clarke, J. Amer. Chem. Sec. 1909, 31, 585: 
c/. Schiff, Annalen, 220, 88). 

Prepared by the action of sodium on i.so- 
butyl iodide (Wurtz, ibid. 96, 365) or on a 
^mixture of tsoamyl and isopropyl iodides 
(Schorlemmer, ibid. 144, 188 ; Kolbe, ibid. 69, 
361); for other methods, 0 . Clarke, i.c. Colour¬ 
less mobile li(juid with ethereal odour and 
burning taste. Oxidation with chromic acid 
yields acetic acid and carbon dioxide. 

(8) yS-Dlmethylhexane * 

CH3-CHj-CH(0H3)CH(CHj)CH2-CHj 
b.pj^ 110-57769 mm.; sp.gr. 0-727(fat 15710°; 
1'^638 (Clarke, J, Amor. Chem. Soc. 1911, 

33, 520). Prepared by the action of sodium on 
^-iodobutane (Norris and Green, Amor. Chem. 
J. 1901, 26, 313). 

(9) y-Ethylhexane » 

CH3[ClI.]XH(C.il5)CH2-ClIj 
b.p. 118-8°-U97760 mm.; sp.gr. 0-7170 at 
15“/15“; 1*3993. Has been synthesised by 

Clarke and Kiogel (J. Amer. Chem. Hoe. 1912, 

34, 674), who state that it is probably one of 
the hydrocarbons found by Mabory and Hudson 
in American petroleum. 

(10) ;8^y-Trlmethylpentane 

CH,CH3*CH(CH3)C(CH3)3 


b.p. 110‘6“-IIO*87760 mm.; sp.gr. 0*7219 at 
16“/15“ ; w“** 1*4164. Has been synthesised by 
Clarke and Jones (ibid, 170). 

(11) ;8-MethyI-y-ethylpentane 

CH3*CH3*C(C3lI,)CH(CH,)3 
b.p. 114*0°/760 mm.; sp.gr. 0*7084 at 15715°; 

1*3996, lias been synthesised by Clarke 
(Amer. Chem. J. 1909, 39, 574). 

(12) Hexamelhylethane C(CH 3 ) 3 C(CH 3 )„ a 

crystalline substance; m.p. 96“-97°; b.p. lOfP- 
106“. Prepared by the action of aodjum) on 
fertiary-butyl iodide (Lwow, Bull. Soc. chim. 
[ii.] 35, 109). • 

n Octyl fluoride CjHjjF, prepared from octyl 
iodide and silver eilicofluonde, is amolSurless 
liquid, b.p. 131“-134“; D» 0*798 (Patemo and 
Spallino, ^tti E. Aeead. Lincei, 1907, [v.l Hi, 
ii. 160). According to §wart8 (Bull. Soc. Cftim. 
Belg. 1921,30 (ii.) 302), it boUs at 142*6°/766 iqjn., 
and has o“ 0.*8120, 0*8(»6, 1*3952, 

1-3970, 1*40175, 1^3565. Sec- 

octyl fluoride boils tt 139'3®. Mercury fluoride 
is preferable to silver fluoride for the preparation 
of aliphatic fluorides. • • 9 

Octyl chlorides. 

Normal chloride, ogcUorooctane 


CH3[aHJ,CH2Cl 

b.p. 179'6°-180^ 8p.gr. 0'8802 at*]6% 0-87867 
at 15® (Perkin, J. pr. Chem. [ii.] 31, 495). 

Preparation .—^By the action of hydrocUoric 
acid gas on dctyl alcohol (Zincke, Aimalen, 162, 


4). A limpid liquid, soluble in absolute alcohol 
and in ether, insoluble ii water. 

Secondary chlorides. (1) S-CMorooctane 
CH3[CH2]jCHC 1*CH3, b.p. 175° (Bouis, Annalen, 
92, 3S8), 170°-172“ (Schorlemmer, Chem, Soc 
Trans. 1876, 4141), 1G8°-172“ (Pelouze and 
Cahours, Annalen, 129, 91); splgr. 0*892 at 18” 
(Schorlemmer), 0*895 at 16° (Pelouze* and 
Cahours). • 

Fortnation.^liy the action of hydrogen 
chloride or phosphoric chloride *on inetbylhexyl- 
carbinol (Bouis); by the action of hydrogen 
chloride on octylene (Berthelot, Annalen, 104, 
185); by the actio» of chlorine on octane 
(lifchorlemmor; fTurtz, J 1803, 609; Pelouze 
and Cahours). 

Properties.—A. colourless liquid, with a strong 
smell of oranges. 


Rtacliona .—It docs not precipitate salts of 
silver. Jt is docfjinposed by potassium or sodium 
in the cold, yielding dioctyl Ci 8 fl 34 , By re¬ 
peated distillation with sodium, hydrogen is 
evolved and octylene is formed. 

(2) The octvl chlondo prepared from petro¬ 
leum octane exnibits the same reactions as that 


j obtained from the alcohol, but on ^treatment 
I with concentrated acetic acid and potassium 
I acetate, octylene and octyl acetate are formed il! 
equal quantities, w'horeas tlio chloride from the 
caibinol yields three time# as much octylene as 
ociyl acetate (Schorlommor, Annalen, 162, 162). 

(3) Diisohufyl chloride, b.p. 165®; sp.gr. 
0-8824 at 10-5® (Schorlemmer, ibid. 144, 190), 

Tertiary chlorides. (1) S-EthylMlorohexane 
CH3-CH3-a:i(C2HB)CH2-CH2-CHa, b.p. 156®. A 
liquid with a peculiar, unpleasant odour. Pre¬ 
pared by the action of phosphoric chloride on 
the diethylpropylcarbinol (Butlerow, Bull. Soc. 
chim. [li.] 5, 17). 

(2) Diethyl laopropylcarbinol chloride, ^ 
meAhyl-y-ethyl-y-chloropevtane. From diethyl 
fxs-opropyl carbinol and phosphorus pentachloride 
(Grigorovitch and I'awloff, J. Kuss. Phys. Chem. 
Soc. 23, 109). Boil.s at 160®-166° with dccom- 
positiot. 

(3) laodihulol chloride. ^hh-irimethyU^-chloro- 

pentane {CH 3 ) 3 C'CIf 2 -C(T(C).tl 3 ) 3 . Boils with 
^decomposition at 145®-t60® ; sp.gr. 0*890 at 0°. 
It is formed by the action of fuming hydrochloric 
acid on ditVobutylone at 100® (Butlerow, Annalen, 
189,51). » 

Octyl bromides. * 


(1) Normal, a-hromoociane CH 3 [CH 3 )igCH 2 Br, 
•b.p. 198®-200®; sp.gr, 1-116 at 10®; M178 at 
13® (Perkin, Chem. Soc. Trans. 1896, 1237). A 
colourless liquid prepared by the action of 
I bromine and phosphorus on w-octyl alcohol, 
j (2) Secondary, B-hromoqciane • 


CH3[CHJ3CHBrCHa 


b.p. 187-6®-188-6® at 741 mm.; sp.gr.*1 *0989 
at 22® (Lachowicz, Annalen, 220, 185). 

Preparation .—By treating methylhexyl car¬ 
binol with bromine and phosphorus, or by 
saturating the carbinol with byarogen bromide 
at 0®, and heating for a few hours to 100®. 

Properties .—It is an oily liquid, resembling 
the chloride in smell; it is soluble in alcohol but 
not in water. It boils with decomposition and 
leaves a carbonaceous rdiduo when distilled. It 
precipitates silver salts in alcoholic solution, but 
less readily th^ji the iodide. 
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Octyl Iodides. 

Normal, a-iodoocpile CH 3 [(!H 2 ]eCHJ, b.p. 
220^-222'^ ; Bp.gr. r3.^8 at 16® (Zincke, Annalen, 
162, 1). 

Prcparation.^'By the action of iodnse and 
pho8j)horu8 or of hydrogen loj^idc on tho alcohol 
(Mdshngcr, ihii. 186, 66). It is a colourless 
liquid which reddens on warming ; i;t is soluble 
in absoli^,© alcohol or m ether, but insoluble in 
water (Zincke). 

Secondary io'dides. (l) p-iodoociane 
0H,[CHJ,CIll'Ull3 

It boils with decion^poaitirin at 210® (Bonis, Ann. 
Chim. [iii] 44, 131); 163® (Squire, Chem. KOc. 
Trans. 1866, 108). 

2*repara(ion. —By the action of iodine and 
phosphorus on methylhcxylcaibiiiol. It is nn 
oily liquid with aq odour of oranges, reddening 
on exposure to light. With sodium or potassui m 
it behaves like the ciilondo When heated with 
mercury, merenrous iodide, octylene, and free 
hydrogen are lormed. The uleobohc solution 
precipitates silver salts 

{2) Octyhne hydriodnU, bp. 120''; sp.gr. 
1’33 atO®, T314 at 21®. An ambei-yellow liquid 
insoluble in water; it is deeom})Osed by light, 
und by the action of luercury in the cold. 

Tertiary iodide, htidibutol vdulc, BBh-iri- 
mcthyl-^4odopent(me - is 

formed by the action of hydriodic acid on 
diiaobutylene. It is decomposed by water 
(Butlerow, Annalen, 189, 62). 

Octyl ethers. Normal oclyi ether (C^tlj 7 ) 2 (). 
From hvohefityl carbinol, b j). 280'^'282‘^; 

Bp.gr. 0*8060 at 17®, 0*82036 at O' /O® (Dobrmcr). 
An oily liquid easily soluble in hot alcohol or 
ether. It is prepared by the action of sodium 
octoxide on the tsoprimary iodide (Moslmger, 
i^id. 186, 67 ; l>obriner, dnd. 243, 10). 

Mixed ethers. Methyl normal Odi/l ether 
CHg'O'CjHi;, boils at 173®; sp-gr. 0*8014 at 
0®/0® (Dobriner, ibid. 243, 4). 

Ethyl normal octyl ether, bods at 186*2“; 
Bji.gr. 6*8008 at 0®/0® (D(.>bnuer, he.), n 

Propyl normal octyl ether, boils at 207*0®; 
sp.gr. 0*8036 at 0®/0® (Dobriner, l.c.). 

Butyl normal octyl <-ether, boils at 226*7®; 
sp.gr. 0*8069 at 0°/0° (Dobriner, l.c.). 

Ainyl normal octyl ether, boils at 220®; 
sp.gr. 0*6080 at <20®/ (Wills, 3. 1853, 5(.8)). .. 

Heptyl normal octyl ether, boils at 278*8® ; 
sp.gr. 0;S182 at 0®/0® (Dobriner, l.c.). 

All are colourless, mobile liquids, soluble in 
alcohol and ether, but not in water, prepared 
by the action of iodides of the radicles on 
sodium octoxide (Wills). 

Octjt-l sulphides. (1) Primary mlphide. 
(^ 8 ^i 7 ) 2 S* Boils with decomposition over 210®; 
sp.gr. 0*8419 at 17®/17®. A faintly-yellow mobile 
liquid'^soluble in warm alcohol, and miscible 
with ether. It is preparetl 'by the action of 
an alcohoUc solution of potassium sulphide on 
normal octyl chloride (Mdslinger, Annalen, 
186, 60). Sulphuric acid forms with it a white 
amorphous mass probably of octyl sulphone 
(C 8 Hi 7 ) 2 S 02 ; mercuric chloride gives crystalline 
needles of C 8 Hj 7 S*HgCl 2 . It forms no com 
pound with the alkyl iodides. 

(2) Secondary suljPiide. An oily liquid 
lighter than water and having an unpleasant 
smell. It is prepared by heatipg an alcoholic 


solution of sodium sulphide with secondary 
octyl iodide until the mixture becomes turbid, 
and then allowing the sulphide to separate out. 
It is slightly soluble in alcohol and docompoBes 
on hcatmg. 

Methyl hexyl ketone C,Hi 3 *CO*CH 8 . A 
liquid with an aromatic odour, b.p. 171®; sp.gr. 
0*817 at 17°. It is obtamod as a by-product in 
the preparation of the alcohol, also by the 
oxidation of the alcohol, and by the distillation 
of a mixture of calcium cenanthylate and calcium 
acetate (Staedler, J. pr. Chem. [i.] 72, 241). On*' 
oxidation it yields acetic and caproic acids. 
With tho acid sulphites of the alkaline metals 
it forms compounds which crystallise in pearly 
scales. 

Ethereal.salts of primary octyl. The 

following constants have been determined by 
Garteiuueister (Annalen, 233, 246):— 

V Kfttio of 

vol. at 

c „ 6® Bp b p. to Specific 
e pr Q» pr. vo] Qo volume 

! Formate . 168*1 0*8626 0*7156 1*2477 220*3 

i Acetate . 210*0 0*8847 0*6681 1*2672 245*8 

Ll‘ropionate‘226*4 0*8833 0*6860 1*2870 270*6 
'‘BnUiate. 242*2 0*8764 0*6761 1*3028 266*6 
Valerate . 260 2 0*8784 0*6618 1*3272 322*6 

(’aproato . 275*2 0*8748 0*6606 1*3440 346*6 

Meptoato. 260*4 0*8757 0*6416 1*3651 376*2 
Octriat-o . 306*6 0*8765 0*6318 1*3868 404*3 

These eHtevs are all colourless liquids soluble in 
or miscible w’lth alcohol and ether. The first six 
are jirepared by tho action of the silver salts of 
tlio aeid.s on the broiiiides or iodides of octyl. 
The Jieptoate is prepared by the action of su)- 
[iliuiic and heptoie acids ou octyl alcohol. Tho 
octoate is obtaiiKnl as a by-product in the 
; oxidation of octyl alcohol. 

Normal octyl acetate occurs naturally in tho 
! otheical oil of Ihracleum Sphondylmm (Linn.); 

' it is a iiiubile 6uid with a pleasant odour of 
' apples and a burning spicy taste. The butyrate 
I occurs in the oil of the seeds of Pcucedunvm 
.HaHvitm (Bcnth. and Hook.). 

' Octyl acetoacetic ester b.p. 280°- 

> 282® (not corr.); sp.gr. 0*6354* at 18*5®/17*6°. 
i A clear, highly refractive liquid, obtained by 
the action of sodium acetoacetate on octyl 
! iod-ide. It decomposes on hydrolysis into 
j octyl acetone and octyl acetic acid (Guthzeit, 

! Annalen, 2r>4, 2). 

i Octyl benzoate GjH^-COOCgHj,, b.p. 306°- 
! 306°. , A c(^ourIc88 liquid with a weak aromatic 
! odour easily soluble in alcohol and ether (Zincke, 
j ibid. 162, 1). 

I /)ctyl sulphuric acid is prepared from con- 
I centrated sulplmric acid and octyl alcohol. The 
I biriium salt Ba(C.iH, , 804)3 forms large anhy- 
I drous nacreous plates ve:^ slightly soluble in 
' hot water and alcohol. The potassium-salt 

^ " KCeFi7SP4 

: forms a w'hite soluble semi-crystalline mass with 
P soapy feel. ' 

I Octyl nitrite, b.p. 176®-177®; sp.gr. 0*862 at 
i 17®. Obtained by heating octyl alcohol satu- 
i rated with nitrous acid to 100° (ICiohler, Ber. 12, 

I 1887). 

Octyl allophanate NHjCO’NH-COOCrHj 
Shining needles melting at 166®-160°, soluble 
in hot alcohol. Obtained by the action of obloro* 
formdmide on the aloohoL 



OOTYL. 

Ethereal salts of secondary octyL 

From methylhexylcarbinbl. 

Secondary octyl acetate, b.p. 193® (Bouis, 
Armalen, 44, 136); 191®-192® (Dachauer, ibid. 

106, 269). A mobile liquid • with a pleasant 
fraity odour, lighter than water, soluble in 
aloobol and ether, and also without change in 
not too concentrated sulphuric acid. It is 
easily saponified by potash. It is prepared ( 1 ) 
by the action of acetic acid or of an alkaline 
#^tate and sulphurio acid upon the secondary 
alcohol; ( 2 ) bv the action of silver or potassium 
aqetate on the haloid compounds of the secondary 
alcohol; (3) by ' - ' ’ 

sodium octoxide. 

The monochlor<xiceiate is prepared by passing 
hydrogen chloride into a mixture*of equivalent 
quantities of the alcohol and monochloroacetic 
acid and heating for 30 hours. B.p. 234°; 

0’9904 at 10®. It is a colourftss neutral 
mobile oil with an ethereal odour and burning i 
taste. It is soluble in alcohol and ether. 
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palmitate melts at 8 ’ 6 ®,«the stearate at — 4 ' 5 ® 
{Hanhart, Compt. rend. 47^230). 

Octyl Cfirbam&te is formed by the action of 
cyanogen chloride on the alcohol, b.p. 136“ 
(under 20 mm. pressure). It is very soluble in 
alcohol, from which it separates nut in colourless 
crystals melting at 64®-66®. At ordinary pres- 
sures it bons with decomposition at 230 -232®, 
with partial conversion into cyanuric amd. 

Octyl thiocyanate ObH^-s-cN, b.p. 142®, is 
formed by the action of KCNS on the secondary 

iodide (.Tahn, Ber. 8f 805). 
a^tai/oomnenajoiacompoundsof the secondary I Octvl thIorArhimMo r tt .v r«Q a t 

j reaction from octylaminc by mixing with carbon 
disulphide in alcoholic or ethereal solution, 
evaporating to dryness and adding silver 
nitrate, or raercnric or ferric chloride to the 
solntinn of amine salt of the? resulting carba- 
neutral ! minic acid, and distilUng in steam. 

thiocarbamide (;,If,/Nll CSNHj, m.p. 
The di- and Inhcblornaertato a7c prepared in a ^ mlee^mv'eomnound “'‘uT, 


chloroacetic acid. 'I’he trichloroacetate requires 
less heating. The former bods at 244°, tlic latter 
at 250°. They arc colouriess ethereal oils, 
lighter than water (Gehring, Compt. rend. 104 
1000 ). 

Secondary octyl nitrate C,H„ONOj. A 
liquid unth a pleasant smell resembling ethyl 
acetate. It he^ns to boil at 80° but soon decom¬ 
poses. It is lighter than water, is soluble in 
alcohol, and is prepared by the action of silver 
nitrate on octyl iodide in alcoholic solution 
(Bonis). 

Secondary octyl nitrite NO. A dark 

yellow mobile liquid, b.p. 105“-10(i°; sp.gr. 
0'881 at 0°. Obtained by the action of glyceryl 
trinitrite on the alcohol^' It is soluble in ether 
and chloroform, and is decomposed by acids 
and by alcohol (Bertoni, Gliom. Zentr. 1887, 3 . 5 ). 

Secondary octyl sulphuric acid is obtained by 
the action of concentrated fuming sulphuric 
acid on methylhexyl oarbinol. It is a colourless 
sjrrupy strongly acid liquid, easily soluble in 
water and alcohol; the diluted acid is decom¬ 
posed on boiling into secondary octyJic alcohoj 
and sulphuric acid. It dissolves iron, zinc, t&tj., 
with evolution of hydrogen, and comjileteiy 
neutralises the bases. ^ % 

The barium, salt forms flexible nacreous 
plates containing three molecules of water on 
separating from a hoi solution, or raAiAmillary 
aggregations with two molecules of water on 
ovaporatinf in a vacuum. It is soluble in watyr ' 
and alcohol,, and has at^first a bitter, then a 
sweet taste. It turns red on standing, blackei.'s 
at 100 ®, and decomposes without melting. 

The calcium salt forms white laminse with a 
soapy feel and bitter taste. "* 

The potassium saft KC^Hj^SOi.lH^O forms 
white shining plates with a greas;^eei; the taste 


j^olourless lamin® (.Tabu, Ber. 8 , 80.3). 

OCTYLAMINE.'^. , 

Only the following have been prepared— 

(1) Primary amine*. 

(а) Normal octylamlne, a-arninooctanc 

is ju’cpared by healing »-octyl iodide with 
alcoholic ammonia to 100 ® (Renesse, Annalen, 
166, 86 ). It is also produced by treating octyl 
alcohol with ammonio-zinc chloride at 280® 
(Merz and Gasiorowski, Ikr. 1884, 620); and 
by reducing nitrooctunc with iron filings and 
acetic acid (Eichlor, ibid. 1870, 1886); and in a 
purer condition by decomposing octyl phthal-’ 
irnide with concentrated hvdrochlonc acid at 
200® (Mugdan, Annalen, 208^ 146). 

It IS a colourless basic oil which takes up 
COa frora^the air, and boils at 176®-177®/746 mm. 
In contact W'ith water it forms wliite crystalline 
needles. With bromine and potash an oily 
compound CVIIj^NBr^ isiormed, which is con¬ 
verted on boiling with soda into heptyl cyanide 
C 7 H 15 CN (Hofmann, Bi^r. 1884, 1920). The 
hydrochloride. CRifjjNHg.HCl is easily soluble in 
watf^* and alcohol ; the platinicMoride 

feyms yellow leaves soluble with difficulty in 
alcohol and water; the picrale 

CsK,,NH2.C,H2(^^02)30H 
crystallises from alcohol in oblong tables, 
molting at 112®-114® (Hoogowerff ana Dorp, 
Rec. trav. chim. 6 , 387). 

( б ) Secondary octylamlne, p-aminooctaie, is 
prepared by treatm^j secondary octyl iodide 
from castor oil with ammonia; or methyl hexyl 
carbmol with ammonio-zinc chloride at 280® 


is at first bitter, then sweet? H is soluble in |*(i\ferz and Gasiorowski, Ber. 1884, 364). It 
water and alcohol, reddens and is decomposed ; boilrf at _162*5® (Jahn, ibid. 1876, 806); I76‘ 


at 100 ’ 

Octyl phosphoric acid is formed by digesting 
octyl alcohol with glacial phosphoric acid. It 
forms.soluHe salts with lead or barium (Bouis). 

Octyl palmitate and stearate are formed 
by prolonged gating of the alcohol with ^he 
respective acii to 200® in sealed tubes. The 
VoL IV.—r. 


(Bouis, J. 1866, 526); sp.gr. 0-786. It is a 
colourless, bitter, very caustic inflammable liquid 
with an ammoniacal fishy odour. It is insoluble 
in water, but preoipitatgs metallic salts and 
dissolves silver chloride. On heating with 
secondary octyl iodide, ammonium iodi£, octyi 
lone, polyoctylen^s and the iodide of secondary 

2 8 
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OCTYL. 


octylamine are fotmeii (Jahn, l.c.). The hydrio- 
dida ('gHooNI large plates easily soluble 

in water; the hydrochloride CgHjoNOl is a very 
doliquosceni solid which crystallises vnc>u6 
in larp;e nacreous plates; the aurichhride 
CgH2oNAuCl4 ( forma shinirfg yellow lamin®, 
rosonbling load iodide; the platinichloridc 
(CgHjoN^^PtClg separates from boiung solution 
in brillw.nt golden yellow scales soluble in 
alcohol or other. 

(2) Secondary amines. 

(a) Dinormal octylamine (C'8H,,)2NH is 

produced together with 7?*octylainine by the 
action of ainmorua on'' octy' iodi<lo (Renessc. 
Annaien, IfiO, 85); or by treating octyl alccihol 
with ammonio zinc chloride at 280'^ (Merz and 
Crasiorowski). It cryaiallisi'sin needles, melting 
at 20", and boiling at 2q7'‘-21>8'’. It is aoluble 
in alcohol an<l etl.or, and has a sli'ong iiillow-liko 
odour. The hi/dror.hlori<lc forms jilates soluble 
in alcohol ; the plnlivichloridc 

(Ci6H,,,H-H(;i),-Pt(:i4 


214"-216®; sp.gr. 0*786 at 16^/^ (HeU and Ki- 
trosky, ibid. 1891,986; Eichler, ibid. 1879,1888). 

Octoamlde, caprylainide C 7 HibCO*NH 2 , orye* 
tallises in leaves melting at 9T-98® (Aschan, 
Ber. 1898, 2348), HO® {Felletar, J. 1868, 024). 
It is prepared by dropping the acid chloride into 
ammonia {Aschan, kc.), or by heating ammonium 
octoate (Hofmann, Ber. 1882, 983). It is very 
slightly soluble in boiling water, and not at 
all in cold. 

Nitro-octane. A liquid boiling at 206®-212°t, 
obtained together with octyl nitrite by the action 
of silver nitrite on primarv octyl iodide (Meynr, 
Annaien, 171, 23 ; Bichlef, Bor. 1870, 1883). 

Octyl nitrolic acid (’gHjBNO'NOg. An oily 
body formed from nitro-octane by saturating 
its soluti'm iii'lO volumes of water with nitrous 
fuiries (-onccniratcd snlphuric acid decom¬ 
posed it into outoic acid and nitrous oxide 
(Ihchler, Ber. 12, 1885). 

Benzene Deriva'i'tves of Piumary Octyl. 


erystalliscB in small scales. 

(h) Di-secondary-octylamine (C„H,-) 2 NH la 
prepared by lieatiiig methyl hexylcarbinol and 
ammonio-zinc chloride to 289° (Merz and 

* (rasiorowski). It ia an oil with an aromatic 
odour boiling at 2(>0®-279°. The hydrochloride 
CjgllajNOl forms Amall loaves; the plafini- 
chloride (Oiflllj.N'Hf^l^PtClj forms a brown 
mass; the aurichloride igNltAuCl^ crystal¬ 
lises from alcohol in golden yellow laminai. 

(3) Tertiary amines. 

(a) Tri-normal-octylamine 
formed in moderate quantity along with tlie 
mono- and di- eomjiouuds by Jieating octyl 
alcohol with ammonio-znic chloride to 209°- 
280®. When pure it forms a white crystalline 
*‘mass, but is usually obtained as a nearly colour¬ 
less oil of agreeable odour. It boils at 395®-3(»7", 
is readily soluble in ether and absolute alcohol, 
but not in water. Most of its salts are liijuid : 
the plattnkMoride (((' 8 Hi 7 )-jNH( 3 ) 2 piCl 4 forms 
a glutinous mass insoluble in water. 

{b) Trl-secondary-octylamlne (C«Hi 7 ) 3 N is 
obtained in the same way from methylhexyl 
oarbinol. It is a liifuid boiling at 379°. H 
forms an oily hydrochloride. Tho plati mchlvridc 
is a reddish-brown resin. 

• 'Primary oAyl phosphine. B.p. 184®-i87"; 
sp.gr. 9*8209 at 17®. A. limjnd, mobile, highly 
refractive liquid, soluble lu alcohol, ether, 
benzene, and glacial acetic acid. B is obtained 
by the action of iihosjihonium iodide and zinc 
oxide upon normal octyl iodide at 179® (Mos- 
linger, Annaien, 185, 65). 

Nitfic acid oxidises the solution in glacial 
acetic acid to ocfylphosphinic acid, an amorphous 
compound soluble in hot acetic acid. Oxygon, 
bromine, and iodine act (esi energetically upon 
octyl phosphine than upon the phosphines of 
the lower members of the series. Fuming 
hydriodic acid forms oclyl phosphonium iodide* 
PHaC^HjjI, a semi-crystalline mass Ayhich 
decomposes on standing, or on solution in ether 
or benzene. 

Octonitrlle, heptyl cyanide C 7 H 15 CN, boils at 
194®-i96®; sp.gr. 0;820] at 13*3® (Felletar, 
J, 1888, 634); b.p. i98®-200® (Hofmann, Ber. 
1884,1410). I 

n-Octyl cyanide, pelargoni^ nUrm, boils at 


I Octylbenzene O^K.-ChH,; A colourless oil 
i with a sweet taste, b.p. 281®-263® (uneorr.); 

! sp gr. 9'849 at 15®/15® ; b.p. 282°-2H4® : sp.gr. 

! 0 852 at 14® (Ahrens. Ber. I88(), 2717) (Schwei- 
j iiitz, ibid. 949). It is obtained by the action 
j of sodium on a mixture of bromobenzene and 
I normal octyl bromide in ethereal solution ; or 
from bromobenzene, normal octyl iodide and 
sodium (Lejnnski, Ber. 1898,938). It is miscible 
with alcohol, ether, or benzene. 

Chloro-octylbenzene C„ fI^CiC^U j, is a ycl low- 
ish odourless oil soluble in aleoliol and etlier, 

' b.p. 279®-275®. It is prepared by the action of 
<-h!orin<‘ and iodine on octylbenzene (Ahrens, 

' Ber. 1889, 27J9) 

I Bromo-octylbenzene Cgll.j-CgH^iBr, b.ji. 
i 285®-287®, resembles Iho ehloro licnvative, 

; and is jircpared by warming octyl benzene with 
; bromine water (Schweinitz, Ber. 1889, 842). 

p-Iodo-oclylbepzcne. A licayy oil, b.p, 318®- 
329®, ])iepare<l from p-amino-octylbonzeno 
(q.v.) l>y the diazo- reiiction (Beran, Ber. 1885, 
139). By treating octylbcnzmie, diluted with 
petroleum, with iodine and mercuric oxide, a 
yellow oil IS obtained, winch is probably identical 
with the preceding compound. 

• The corresponding derivative of the secondary 
alcohol ( 4 lroni castor oil) is a yellow oily liquid, 
b.p. 3U4®-305®. On oxidation with chromic 
• acid jDoth yield 7 )-iodobenzoic acid, 
i m-NLro- 0 CtylbenzeneN() 8 *C 8 H 4 *C,Hj-. Crys¬ 
tallises in long needles which melt at 123®- 
1^4® ami sublime at a high temperature. It is 
prejiarod by the action of fuming nitric acid 
upon octylbenzene in the cold. Jt is slightly 
soluble in alcohol and chloroform. With potas¬ 
sium })crmanganate it yields wi-nitrobenzoio 
acid (Ahrens, Ber. 1888, 2725). 

o-Nitro-octyibenzene fs a thick yellow 
i aromatic oil which decomposes at 100®. It is 
1 ^prepared by treating octylbenzene with fuming 
nitric acid and warming -after filtering off the 
! jireeipitated crystals of m-nitro-octyl benzene 
(Ahrens, l.c.). 

p-Nitro octylbenzene which forms small 
yellow lustrous needles melting at 204®^ and 
soluble in alcohol or ether, is found in the 
re^duo from the meta- and ortho* compounds 
(Ahrens, l.c.). 
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Dlnltro.octyIltezeneCHHi,*CeH3(N08)8torm8 
crystals melting at 226°, but eubliming below 
this temperature. It is soluble in alcohol and 
ether and is formed by the action of fuming 
nitric acid on the crystals of the meta* com- 
• pound (Ahrens). 

o-Amino-octylbenzene hydrochloride 

C8H,-CeH,-NH2,HCl 

occurs in small lustrous white plates which 
redden on heating. It is formed by reducing 
tne nitro derivative with tin and hydrochloric 
acid (Ahrens, Ber. 1880, 2717). 

V-AmlnO'OCtylbenzene, a colourless ’liquid, 
b.p. 310'’-311, volatilises in steam. It is ob¬ 
tained by the action of aniline hydrochloride, or 
of aniline and zinc chloride on pfiniary octyl 
alcohol (from Heraclenm oil). A similar deri¬ 
vative may be prepared from the secondary 
alcohol (from castor oil), b.p. 21)0^-262° (corr!) 
(Beran, Bc^r. 1885, 132). 

• Formylphenoctylamlne, formylamino.t>c(yl- 
benzene is ohiaineci by 

the action of formic acid on /^-aminoctyi- 
benzeiie, [t forms scales whicdi melt at 
and are soluble in alcohol or ether (lleraii, Ber. 
.1885, 135). 

Acetylphenootylamine, aevlylawmo'ochjlhcn- 
zene is formed from p- 

amino-octylbenzenc and aoetie anJiydride. It 
forms thin plates melting at ’(3“^, anti soluble 
in alcohol or other (Beran). 

Benzolphenoctylamlne, henzoylammo-ociyl- 
benzene (!gll.j’CglX^NllBz, is obtained from 
//-amino-octylbonzenc and benzoyl chloride. It 
forms scales molting at 117'^ and soluble in 
alcohol or ether. The corresponding derivative 
of the secondary ahudiol forms white needles 
melting at 100° (Beran). 

p-Octylbenzonitrile is obtained by distilling 
formylphonoctylaTiiine viith zme-dust; b.p. 
312°. It is converted by oxidation into p-octyl- 
lonzoic acid. 

Octylbenzene sulphonic acid; A thick syrupy 
strongly acid liquid formed by the action of 
Noydhaiisen acid on octylbenzene. Silver salt I 
CgHjj-CjHj-SOaAg.llnO. Barium salt I 

(C,.H„S0,),l?n,ir,0 j 

Lead salt (C, 4 H 2 iS 03 ) 2 Bb, 3 H 2 () (Sehweinitz,^ 
^ Ber. 1886, 640). •! 

Toluene Deeivatives of ^bimarv t)OTYL. j 
Amino-octyltoluene (To^ody^ajttw)^ * | 

CgHi,0gll3MeNH2 * ^ 

is prepared by treating the normal aI(!ohol 
with o-tolui^ine and zing chloride. It is • 
colourless oil which boils at 324°-326°, anc^ 
forms a wcU'Crystallised hydrochloride, sulphate, 
and .oxalate (Beran, Bor. 1885, l4fl). 

* AcetyItoIoctylamineC 8 lfi,’C’,H 3 ’NIiAo forms 
slender white needles, r^j). 81 solu blc in alcohol 
and ether (Beran, l.c.). * 

Benzoyltoloctylamlne CiHirr^Hg-NHBz i 
forms lustrous scales, m.p. 117*, soluble in' 
alcohol. These toluene d|rivative8 arc prepared 
in a manner analogous to the corresponding 
benzene derivatives (BeAn, l.c.). , 

Thiophen Deeivatives of Peimaey Octyl. 

(Schweinilz, Ber. 1886, 644 et^eq.) p 
Octylthlophen C,Hi,*C 4 HjS is formed by the 


action of sodium on octjil bromide and iodo- 
thiophen, b.p. 257°-259°;# sp.gr. 0*8181 at 
20'5°/2Q*5°. It is soluble in ether. 

Bromo-ootylthiophenC.SH.Br-C^H,, boils at 
285°-2ilO° and solidifies at 5°. *■ 

lodo-octylthiophiii (^ 4 SHI*(’gH|, is a yellow 
oil which solidifies at 0°; sp.gr. 1-2614 at20°/^0°. 
Both the bi^mo and iodo compounds are pre* 
pared analogously to the coiTesponding tenzene 
derivatives. ^ 

Octylacetothienone OgHi,*(:: 4 SH 2 ’COMe, an 
oil with a garlic-like ^idour, b.p. 350°-355°, and 
Octyidiacetothienone (’«Hj 7 *( (OOMe) 2 , a 
yellow syrup, are.prcjiared by the action of 
acetyl chloride and aluminium chloride on cfbtyl- 
thiophen. 

Octylthlophen-di-carboxylic acid 

OsHi/(;4SH((H)()H)2 

IS obtained in microscopic needles melting at 
185'\ by the action of^ota-ssium ])ermanganate 
on the mono and diacetyl (l(U-ivaiiW's. Banum, 
cojiper, and hdver salts have been prcparetl. 

^^-Methyloctylthiophen (y 1,, 1 is 

(^jtained by the action of Hodium on ^yS-niethyl 
jodothiojihen and octyl bromide*. J4 is a 
colourles.s oil boiling at 27t)"-275°, and on 
strongly cooling it soliddies to a crysiallme mass 
which ineltH at 10'^. 'J'hc monohromo derivative 
f'gll^^O^.SH.McBr melts at 20^‘. 

OCUBA WAX i». Wax. 

ODONTOLITE v. Toequoise. 

ODORINE. A volatile base found by Un- 
vordorben in boiie-oil. Probably impure pico- 
lino. 

ODOUR AND CHEMICAL CONSTITUTION. 

TJic moans at our disposal for measuring odour 
ai’o so uusaiisfactory that groat dilliculty con¬ 
fronts the investigator of the relations between 
odour and chemical constitution. Colours can 
I be investigated by the speeiroscojic and resolved 
into oompoiionts of known wave lengths bearing 
a definiU' relationship to each oilier, and our 
knovvledgo of the relation of tlio colour of a 
.Hubs(an(ai*to its choimeal constitiitjon has l)ecn 
greatly advanoiid by the study of absorption 
spectra in the infra-red and ultra-violet regions. 
Alojiresent we arc witliou^knowledgc as to the 
physical liasis on which odour dopoiids, and 
observers are not even agreed as to the most 
probiftile oonjeoture ; we know of flo instrument 
which IS affected by the odour of a substance, 
and we cannot record smells or trace rolatiou- 
shijis between them. 

In order that an odoriferous substance may 
be detected by the nose, it is essential that the 
substance should be volatile. Although the 
conditions which produce odour and volftUity 
are frequently the same, it is possible to have a 
volatile substance, such as water, enti|cly 
without smell, so tin^t it is clear that the 
conditions which produce odour and volatility 
are not identical. Since ammonia, with a 
ftokscular weight less than that of water, is 
odoro«8, the lack of odour in water cannot be 
explained by assuming that the molecular 
weight of water is below a limiting value necep- 
sary to produce odour; the nasal nerve endings 
being soaked in water are jirobably unaffected 
by it It is possible that a substance, apparently 
odourlesg, might possess a chemical constitution f 
which wouSFcondition odour if the substance 
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could be obtained iura volatile state at a tem¬ 
perature Buitabie ff r examination. The limits 
of sensitiveness of odours and emanatiops were 
investigated by Berthelot, who found "^hat the 
odour of iodoform is detectable when 1 gram of 


the substancS 


1 

W* 


gram per hour; in 


one hundred years the loss from f’gram under 
the conditions of the experiment would be less 
than 1 mg., and with musk the loss of weight 
associated with the perception of odour is 1000 
times less (Compt. rend. 1240). 

Two properties of odours may be recognised, 
intopsity and quality,*of which intensity qilone 
lends itself to quantitative measurement. 
Various olfactometers have been described (c/. 
Van Dam, Arch. Neerland Physiol. 1017, OOO), 
which compare the intensity of odours by 
determining the^ dilution at which the odour is 
perceptible. The quality of a smell may be 
profoundly influeneed by dilution, a substance 
which in conbontrated form is liighly objection¬ 
able, becoming exceedingly pleasant when 
diluted. The odour of a substance is also greatly 
changed by the presence of impurities. o 

Thc’solubdity of an odoriferous substance has 
been described as of importance. Packman (J. 
physiol, path. gen. 1917, 1) contends that for 
a substance to bo odorous it must not only be 
volatile but it intfst bo soluble in water and 
in lipins, in order that it may come into contact 
with the cells of the receptor organ for smell, 
which are covered with a watery Iluid containing 
lipin granules. Kremor (Arch. Neerland Physiol. 
1917, 715), using a spectroscopic method, has 
shown that when air saturated -vvitli an odori¬ 
ferous substance, e.g. pyridine or camphor, is! 
bubbled through a suspension of hjiin in water,! 
more odoriferous substance is absorbed than 
when the saturated air passes through water 
alone. Odour seems to vary independently of 
such physical properties as colour, refraction, 
and specific gravity. The molecular weights 
of odoriferous substances lie between 17 and 300 
(Zwaardemakor, Arch. Neerland Physiol. 1922, 
336), but within these limits no connection 
between the odour p.nd the molecular weight 
has been satisfactorily established. Indt>»d, 
the fact that substances of the same molecular 
weight have ^uite different odours, e.g. vanillin 
and oitral, would appear to show that the^'eHect 
on smell must bo looked for in some property 
othefthan the weight of the molecule. It is 
true that as we ascend a homologous series Ve 
reach a maximum intensity of odour which then 
diminishes as we ascend the series, but the 
maximum is reached at quite different molecular 
weignis in the different series of compounds. 
Durrans gives an interesting table, showing the 
influence of the molecular weight in certain groups 
of compounds (Perfumei;y Record, May, 1919): 


In aliphatic 

Odour develops 

Reaches a 

Is lost 

saturated 

at 

maximum at 


Alcohols . 

• (J. 


h. 

Aldehydes . 

• c, 

C'.o 

0.. 

Ketones 

• c. 

0.1 


Acids 

• C, 

Os 


Esters 

• 

0, 

0., 


No direct connection between odour and any 
one physical property has yet been aatia^actorily 
established, though much interesting work hasi 


been done, and valuable suggestions have been 
made. Tiemann observed that optically active 
compounds had a more intense odour than their 
racemic isomerides (Ber. 28, 2117). Tyndall 
suggested that there was a connection between 
intensity of odour and the power of absorbing 
radiant heat, but Grijns (Arch. Neerland Physiol. 
1919, 37) failed to detect any such relationship, 
and concluded that the olfactory apparatus was 
not affected by the liberation of energy absorbed 
from radiant heat. Durand (Compt. rend. 
1918,120) suggested that smell is caused by the 
retention in the nose of odorant ions; t, in 
support of this view he urged that both musk 
and camphor greatly increase the condensing 
power of dust-freo air for aqueous vapour. 
The relation of electrical phenomena to intensity 
of smell 1ms also been studied by Zwaardemaker 
(Abs. Cheyn. Sue. 1917, ii. 62; 1920, ii. 75), who 
observed that iiositivo electric charges were 
produced by spraying aqueous solutions of 
odorous substances. Using aliphatic alcohols 
and acids he showed that when the Bolutionn 
were dduied until the electric phenomena were 
only just apjireeiable the smell also could only 
just be detected ; both pro])erties depended on 
volatility and the lowering of the surface tension 
of the solvent. The diumagiietic properties of 
odoriferous substances have also been ex¬ 
amined by Zwaardemaker and [logewind (Arch, 
Neerland Physiol. Iil20, 224), who, however, 
failed to find any marked correlation between 
I thc.se two piopertics. 

Tcudt (diom. Centr. 1919, 138), starting 
from the standpoint that the origin of odour 
must be witliiii the molecule, attributed its 
cause to the vibrations of the valency electrons. 
He pointed out that whereas the molecule of 
chlorine is intensely odorous, the chlorine ion 
does not jiroduce odour, in the chlorides for 
instance, and lie suggested that the electron 
vibrations of the nasal sensory nerves were 
increased by resonance when odoriferous par¬ 
ticles having corresponding intra-molecular 
electron vibrations were drawn into the nose 
mixed with air. A similar theory has been put 
forward byKodama (J. Tokyo Chem. Soc. 1920, 
,975; cf. Ungercr and Stoddard, Ungerer’s Bull. 
1922, 3, 7). Teudt’s theory has been adversely 
criticised by Heller (American Perfumer, 1920, 
365), an#* by others. 

In all these attempts to correlate both the 
phvsic^i.l properties and the chemical structure 
with tlfiA property of odour, we are met with 
the difficulty of comparing different classes of 
qdour; the unsatisfactory natureofourstandard 
of comparison of odnurs is apparent from the 
descriptions used in designating the members 
of any series of compounds. The t«rms lemon¬ 
like, flower-like, camphor-like, znusk-like, and 
so forth rfl’o used; there are a certain number of 
well-defined odours to k'hich we refer as far 
as we can, we are without knowledge of 
any relation between these various characteristic 
odours. It is true that as early as 1865, Piesse 
(Des Odeurs des Parfums et des Cosmetiques) 
arranged all known perfumes in order of vola¬ 
tility, and produced a scale of six and a half 
octaves from patchouli to civet .(Perfumery 
Record, 1919, 268). Later Linn^ introduced a 
clf ssifioation of odours which haf, been somewhat 
modified by Zwaardemaker (ke.), who claims 
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that the oiassea of odour differentiated by 
modern work on the rapidity with wlyoh fatigue 
is induced coincide with some of the sub-classes 
of this classification. Nine classes are here 
recognised: (1) ethereal odours; (2) aromatic 
odours, which powerfully extiito olfactory sensa¬ 
tions but do not produce much fatigue and are 
rapidly lost by evaporation—these a re subdivided 
into {a) camphoraceous odours, e.g. eucalyptol 
and camphor; (6) almond odours, c..g. benzaldc- 
Hyde, nitrobenzene, and acetophenone; (c) 
oitral odours, including citral and the cyclic 
liimonene ; (3) floral or fragrant odours—these 
can be greatly diluted while still continuing to 
excite olfactory sensation but easily induce 
fatigue ; (4) ambrosiac odours, e.u. musk ; (5) 
allyl and cacodyl odours; (fl) cmpyrcumatic 
odours, containing the benzene hydrocarbons 
from benzene to durene; (7) hiruu odours, 
including the fatty acid senes; (8) repulsive 
odours (Unn6), such as pyndme and qumolftic ; 
(0) foetid odours, such as indol and skatol. The 


alcohol, aldehyde, keton^ carboxyl, carboxyl 
ester, lactone, phenol, nity) and thiocyanide 
coinpoi}nda, with certain nitrogen-containing 
radicles. He regarded both quality and in¬ 
tensity *of aroma as depending on these groups, 
which varied greally in the effect they pro¬ 
duced. Thus the feebly smellmg pyrocatcchin 
1.2.C,H4(OIf)2 when one OH groupie roplaceS. by 
a methoxy group is converted to the tltomatic 
guaiacol, and this in turn is converted by the 
introduction of the potent aldehyde group to 
the intensely smelling vanillin 

1.3.4.(y£a-Oy-OCH3.CHO 
it Iftts been noted* that the 1.3.4. posilicfis in 
the benzene ring are particularly favourable 
for the develoi>mcnt of smell. Again, the re¬ 
placement of the group by the 

groups —Oil ami —OCH^ is seen in the change 
from safrol to the iiftense carnation odour of 
eugenol. Klimont drew atteniion to the 


differentiation between the various classes is ; importance of the double bond and of its position 


not always sharp, and iiieinbois of the same 
homologous senes with similar structures may 
belong to quite different classes. 

Many attempts luive been matic to correlate 
the presence of odour with the jiossession of 
certain definite atomic groups. Here are 
met with tlio anomaly that substances cuntain- 
ing quite different groups and even of quite 
different structure may produce odours which 
are indistinguishable, e.g. triiiitro butyltoluenc 
(artificial musk), and the ketone, muskone which 
forms the characteristic constituent of natural 
musk; the close resemblance of the smell of 
benzaldehyde to that of nitrobenzene and the 
similarity of the odours of bornyl acetate and iri- 
chlor tertiary butyl alcohol afford other examjiles. 

Von Liebig suggeste^l that the odour of a 
substance was cormected with its tcndoncy to 
undergo oxidation, and claimed that those 
ethereal oils whichl were mogt easily oxidised 
had most smell. Wokcr (J. Thysikal. Chem. 
1906. 455) accepted the view that volatility and 
odour were produced by the same conditions 
and resulted from a state of strain within the 
molecule. Other conditions being the same, 
the intensity of odour increased as the degree oi 
saturation diminished. Thus a triple Imkiag 

C 'loed a more marked c^eet thanga double 
, and generally tbe effect was intensified by 
inoreasing the number of double bonds ii^ the 


III the molecule and to the much less pleasant 
jgilTcct of the triple bond, and pointed out that 
in a homologous scries to some extent the 
intensity of the smell was a function of the 
boilmg-point, but that marked changes in the • 
(piality of the smell also occurred, e.g. aldehydes 
and acids both produce uniJeasant acrid odours 
lu the lower members of the series, mildly aro¬ 
matic odours in the higher members. Similar 
uleas have been expressed by other writers; 
the term ‘ odoriphor ’ was suggested by Zwaarde- 
makei\ and ‘ osmophoric group ’ was intro¬ 
duced by llupe and Majewski (Her. 1900, 3401), 
these groups being similar to the aromatophors 
of KUmoiit; they comprised the groups —OH, 
=0,~COMe,-OMe,-CHO,-NOj -CN.-N^ 
(iriazo), the last-named four groups being very* 
similar in their effects and producing similar 
odours in analogously constituted substances; 
instances of this are seen in the similarity of 
benzaldehyde, nitrobenzene, and cyanobenzene, 
and of famllin p-nitroguaiacol, and ^i-cyano- 
guaiacol. 

Cohn introduced two now terms—‘enosmo- 
I^ior * for a group producing a iileasant odour, and 
‘ kakosmophor ’ for a group producing a disagree¬ 
able odour—but this differentiation doesnotseem 
helpiul. Marchand (Deutsch. •I’arfum. Ztg. ^ 
1915, 232), differentiated between the class of 
i odour and its shade or tinge, and regarded the 


Woker laid stress on the iti^orfanco , former as determined by the non-osmophoric 


molecule. . . 

of the unsaturated linkages, and attributed both 
volatility «nd odoui to the intramoleouUr 
tension, and considered* that both inertia^d 
with an increase in the intramolecular repulsiwo 
forces. The introduction of siinilarly charged 
groups into the molecule would increase the 
repulsive forces, but groups with •charges of i 
• ’ouia diminish both volatility i 


part ot the molecule, the latter by the osmo- 
phoric group. Prins (Perfumery Record, 1917, 
222) preferred to regard all groups as osmo- 
phoric, but differing in strength. It isttbvious 
that the benzene nucleus confers a certain 
similarity of smell on its dorivatives which the 
substituting osmophoric group does not eiftirely 
I overcome; the ali]thatic hydrocarbon chain 
and odour: VolatiUty is markedly a ™mparative^^ 


opposite signs woull 

byloa^^a carbon atom with i^eulica'l groups,^ the entering osmophor “ore effect, and 
and at the same time the camphoraceous odour odowrs of the alcohol,aldchydCjand acid m the 
of the terttarv carbon opmpouids results. fatty series are more strongly differentiated than 

Klimont (Die svnthetischen und isolirten in the benzene senes. Compansons of the 
a .SoatRoqUimited his survey t»‘aromatic’ odours of certain closely related substances 

AroiMtiea,1899)hrmted^mssur^ observeqi, 

n^ with^tSoperty the presence of certain ; such work being of impifeanoe from the point 
neotedwitn tnuprop y F , | ^f view of synthetic perfumes, where a slight 

*e groups eharaoterist^ of I modZation in the constitution of a compound 
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may produce a useful ^fferenco in odour, as well j 
as from the theoretical standpoint of the rela-1 
tion of odour to constitution. As an instance, ' 
tho work of Austerweil and (!ochin (Conipl. rend. : 
160,101)3 ; 151, 440) on geranic; and rose' odours ' 
may be quoted. Gcraniol is ^r epresented by tho 
formula: * 

' H H H OlIH r 

CK8-C=C-C~-0-C-:C-CH,0H 
Clja H H 


Substitution of either one or two of the hydrogen 
atoms of the alcohol radicfc by the methyl and | 
ethyl groups give conviounds very similar in 
odouf to the original compound. With «ihe 
introduction of the isobutyl or phenyl radicle 
the smell is less intense, and ia the latter case 
becomes somewhat rosc-like in character. 
Closing the ring jiroduces a marked ctfeei, fol¬ 
ia methyl cyelo^eraiuol the odour almost dis¬ 
appears. Jieduction of the a/3 double bond 
changes the eharacU^r of tho smelly giving a 
more roso-liko odour. Substitution of one or 
two hydrogen atoms of the alcohol grqup by 
the methyl or ethyl groui)S has here also little 
effect upon the odour; tins becomes les/ 
distinct in the propyl and butyl comjioumls, 
but the rose odour is intensified by the lutio- 
ductioii of tive ]>henyi gn»up. A systcunaUe 
review of odorous compounds was made by 
Durrans (Perfum. ^Record, May iOJO), who 
regarded as unsatisfactory tho suggestion that 
all groups arc osmophonc; he eonsulered the 
possession of residual valency as tlie essential 
attribute of the osuio])hor. In hydroi^arboiis, 
for instance, tho benzene nucleus <‘Xotts niiicli 
more iuOuenee on odour than the fatty hydro¬ 
carbon radicle; the addition of two hydrogen 
atoms to the ring greatly increases the odour 
which diminishes with tiie successive addition 
^>f two pairs of hydrogen atoms. 'Chus the must 
unstable condition is associated with the most 
marked odour, 'fho failure of tlie prcseuice of 
two osmophors in glycol to produce odour is 
explained by rojirescntiiig the oxygen toms of 
glycol with bound valencies as expressed in 
the following formulte: 

ii I II 

K-CHjO-H R tlH OH 

Alcohol (Jiycol , 


It is diffiuult, however, to accept the suggestioii 
that oxygon m the esters and lower acids should 

bo represented as in the formula ancl 


in tho higher acids ‘ whore K is large ’ as in the 

formula li , a formula suggested on 

H 


other grounds for tho carboxyl group {cf. 
Smediey, Trans. Chem. 8 qp. 1909, 231). It 
seems unnecessary to introiluceadifferent formula 
for the higher and lower fatty acids when 
increase of molecular weight leads to loss of 
smell in every series of compounds, as Durrans 
clearly pointed out. The view that the stimulus 
of the olfactory nerve endings is brought about 
by some kind of chemical combination between 
the odoriferous substance and the substance 
of the nerve ending*'has found considerable 
Bupport (c/. DuiTona, Z.c. j Tschirch, A^s. J. 
Chem. Soo., 1921, i. 755), and founded on the 


importance of the residual valencies in condition¬ 
ing odour. Such a method would certainly present 
a wiile divergence from what we know as to the 
means of stimulation of the other sense organs. 

Tho main conclusions from the above 
statement of tho present position of the subject 
are: (1) It is clear that in order to bo odorous 
a substance must be volatile, and that a sufficient 
rise in molecular weight diminishes the vola¬ 
tility, and when a sufficiently high molecular 
weight is reached the odour is lost. (2) Groups 
of atoms vary much in tho effect they produce 
when introduced into a compound, but many 
groups have a recognisable and characteristic 
effect. Groups with residual valencies are most 
])()tont in their effect; essentially different 
groups of atohis may, however, T)roduce odours 
whicli closely resemble one another. The 
position of tho double bond in the molecule and 
tlie position of the substituents in the benzene 
ring exercise a great effect on odour. (3) At 
present ail attempts to regard odours as pro¬ 
duced by tho sunimation of the projierties of 
a senes of groups of atoms have been uii- 
succcssfiil, ami it is perimssiblo to draw the 
conclusion that it is to some property of the 
whole molecule we must look for its cause. 
Whetlier the tlicory of Teudt is correct, that it 
is the vibrations of the valency electrons in the 
molecule whifrh cause smell or whether some 
other hyjiothesis will prove more Iruitful, the 
osmophonc groups appear to act through their 
iulluenee on the whole molecular structure, and 
tho whole molecule ajipears to be concerned in 
providing the stiniulus of the olfactory organ. 

Cf. Deiango {Bull. Soc. Chim. 1922, [iv.] 33, 
589), who gives an extensive bibliography on 
the subject. 1 S. M. 

tso-&NANTHlC ACID v. IIeitoio aotds. 

CENANTHIC ACID t-. Heptoio Aoms. 

(ENANTHIC ETHEk. AccorcliiiK to Liebig 
and Pelouzo {Aimalen, 19, 241), there is found 
m wine a small (piantity of a body termed by 
them oeiianthic ether. It is a very mobile 
liquid, with a strong vinous smell, and of a 
disagreeable taste; readily soluble in other 
and alcohol, but very sparingly soluble in water. 
I'Uis other is now prepared commercially for 
flavouring common wines, brandy, &c., from 
tU'j oxidised products of oil of rue. According 
to A, Fisfher (Ann^alen, 115, 247) tho artificitH 
product is a mixture of caprio and caprylio 
acids. Many fusel oils contain both those acids, 
and am}(- 'vaprate is found in several Hungarian 
wines. 

OSNANTHOL, ccmnihaldehydef ♦ heptalde’ 
hfde, normal (^mnlh'c, or hcptoic aldehyde, 
GjHpCllO, is one of the products of the dry 
distillation of alkaline ricinoieates and of the 
action of nitric acid on stearic and margario 
acitis. it 'is also formed when fats and oils 
turn rancid (Scala, Chem. hentr. 1898, i. 439). 

Tho following method of preparation may be 
'bmployed:— ' ** 

Castor oil, which consists essentially of tho 
glyceride of ricinoleic arid, is rapidly distilled 
until the residue becomesjesinous, thus convert¬ 
ing the greater part of the ricinoleic acid into 
mnanthol and hendeoatoic acid:— 

C„H3*0,=C,Hi,CH0+C„H,a0a 

The distillate is rectified, and the part coming 
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OTer between 90“ and 180® is shaken with a 
saturated solution of acid sodium sulphite* and 
is warmed and filtered. The mass of the double 
salt O^HjjCHO’HhTaSOjjHgO, separating out 
on cooling, is pressed between filter iiaptu’, mixed 
with a solution of sodium carbonate, and dis¬ 
tilled in a current of steam. 'The cenanthol 
which floats on the distillate is st^parated and 
dried over anhydrous sodium sulphate or calcium 
chloride (Bussy, Annalen, 1840, fiO, 24(i; 
»ErIenmcyerandSlgel, ibid. 1875, 170, .‘142). 

The yield of cenanthol is increased when the 
Ulster oil is distilled under reduced pressure 
(iCraift, Ber. 1877, 10, 20U5 ; Jourdan, Annalen, 
1880, 200, 102). 

A better yield is obtained liy distilling the 
ethyl or preferably the methyl# ester of ricin- 
oleic acid at ordinary pressure. 'I'lie distillate' 
is redistilled, treated with sodium bisuljilute and 
the crystalline mass thus obtaiiu'^ is wiislicd 
with other and well (lraine<l. Tin* cenaiitliol 
can then bo isolated in the ordinary u ay (H aller, 
Compt. rend. 1907, 144, 402). 

(Enaftthol is also ])reparcd by t!ie lollowing 
process: Castor oil or rajic oil is lieated in an 
iron boiler to IGO ", and aii‘ is blown thioughl* 
the source of heat is then remove{l and the 
temperature of the mass rises spontaneously tci 
220''. J’he vapoiir.s are condensed and the oily 
layer is treated with soiUnm bisuljihite. 'I’lie 
cenanthol is then separated as above (1>. K. 1'. 
107147 : Frdl. i90r)-U7, 40). 

(Enanthol reacts w'lth diazoacetic ester 
yielding noii-crystalline ethyl amaiithyliden- 
1:2-dioxynonylaie, b.p. 200714 mm. On 
saponilicatiou the latter yields an aci<i wliieh 
on boiling with acetic acid decomjioses with 
formation of oonaiithol (Dieckinann, Bor. 1910, 
44, 1027). 

QEnanthol is a highly refractive, very mobile, 
colourless iiquid, of {ningent aromatK? smell, 
boiling at 154'' at 747 nun. jircssiirc, and liaving 
at 15^ a sp.gr. of 0‘824l (I’orkm, jun., Ber. 
1882, 15, 2802; 1). R. P. 125740, 1902), b.]). 
152-2°-154'2® (corr.) sp.gr. 0'K22t;4 at 15^ 
(I’erkin, Chem. »Soe. Trans. J884, 475), b.p. 
42^-44®/l0 mm., sp gr. 0-8250 at 20'' (Semniler, 
Ber. 1909, 42, 115] ; Ilarrioa and Oppenbeim, 
Chem. Zentr. 1915, ii. 991). It is slightly 
soluble in water, and dissolves in all proportions 
in alcohol and ether. (Enanthol rapnlly oxidises 
on exposure to air. It redficcs silver nitrate. It 
forms a mono- and a dihydrate (Noordiiyn, llcc. 
trav. chim. 1919, 48, 345). •% * 

When heated at PJO" in sulphiirie aeid, it 
blaokens.and a small (juantity of carbon mon¬ 
oxide and much sulpljur dioxide are evtAyed 
(Bistrzyeki and Fcllmann, Ber. 1910, 44, 77(p. 

Reduction by sodium amalgam m acetic 
acid solution yields w-hcptyl aTcohol, b.p. 90'714 
mm. If an excess of sqdium is av^ded and the 
solution is not ke|t acid cliheptylenealdchyde 
is produced: 

CHj-[CHj,] 5-CH ; C(OrfO)-’cH,]4'CH3 * 

0-8463 (cf. I’erki*, Chem. Hoc. Trans. 1883, 
43, 67 ; Levenc and Chem. Ifll8, 

Ss! 281). , , 

With nitric acid, osnanthol yields dimtro- 
hexane, hvdroxylamine and heptoic acid (Ponzio 
J pr. Chem. 1896, [ii.] 63, 431). (Bm^nthol 
r^cts with cyanac-etic acid in the presence of 


piperidine forming oy-dicyano-jS-hexyl-glutaric 
acid, m.p. 442® (D. R. P.^66660; Frdl. 1902-04, 
738 ; dee also (Juaroschi, (fhem. Zentr. 1903, ii. 
193; *Annalcn, 1903, 326, 205). It also reacts 
with malonic acid forming a' iionylenio acid 
{D. R. P. 15555#; Harding and Weizmann, 
Chem. Soc. Trans. 1910, 299). • 

(Enantl^ol condenses with aniline {Miller, 
Bor. 1892, 25, 2020); with anilim^ sulphite 
(Eibner, (fliom. Zentr. 4901, i. 1350; Bperoni, 
Annalen, 1902, 425, 454); with acetone (Kupe 
and llinterlach, Jier. 1907, 40, 4754); with 
oxalacctic ester in presence of ammonia (Simon 
and Condiiche, Ann. *Chim. 1907, [viii. | 12, 
[*5/t and with hj^razobenzene (Russow^^J. pr. 
Chem. 1909, (li.j 80, 51J). It also reacts with a 
number of othei sub,stances (J'^ittig and Recchel- 
mann, Annalen, 1889, 255, 12(); Miller, f.c.; 
Fiflclior and Ciebc, Ber. 189^7 40, 4054; Knoe- 
venagel, Ber. 1898, 41, 73v); CiaiHcn, tbid. 
1014; Neuberg and I^eimann, ibid. 1902, 36, 
2049; Lcea, (4iem. Soc, Pioc. 1902, 213; 
'J’schitsclieiiko, J. Russ. Pliys. (Iiem. fcloc. 1905, 
48, 482; Schlotterheck, Ber. 1907, 40, 479 ; 
Braun, ibtd. 1998. 41, 2159 ; Semmler, l.c.). 

CEiiantbaUloxiine boils at mm. It 

only eolubfii^K partially and tlie solid part melts 
at 55-5'' (Bourgeois* and Dambmann, Bcii 
1893, 2(>, 2855). It forms a number of denva- 
tives {(joldselimidt and ^^aiioli, Ber. 1892, 25, 
2574; Comstock, Amor. Chem. J. 1897, 19, 
485 • Conducluf', Ann. Cbim. 1008, [viii.] 13, 
5; Irvine and Moodie, Chem. Soc. Trans. 
1908, 102). 

CENANTHYLIC ACID v. Heptoic acid. 

(ENIDIN, (ENIN. 'J'he red pigment of the 
, young leaves oi Bi/is inmfera is a free antho- 
! cyani’din, probably identical with oeiiidin, the 
i authoeyauidiii ot the purple grape. The pig- 
! ment may occur in a colourless modification, 
I or Jeuco-antli(jcyanm, combined with another 
I substance. On treatment with acids it forms 
anthocvaiiidin (Rosenheim, Bioehem. J. 1920, 
14, 178). 

(EltOCYANIN, the colouring matter of black 
grapes and red wines, is of coltuirlcss origin, and 
becomes blue through oxidation, and jirobably 
hydration, winch may^be .shown by placing a 
green grajie pntked from a bunch which is just 
[ beginning to turn red in a vacuum of 1-2 mm. 
j owiir boiled sulphuric acid fo»3 or 4 days, or 
sufficient time to allow of the grape becoming 
hard and dry. The colj^ur becomes ye[|.ow, but, 
on admitting air, moisture and oxygen are 
ra])idly absorbed, the colour changing to blue 
black at the same time (Maumene, Comjit. rend. 
95, 924). Gilnocyariin canmit bo extracted 
from grape marcs and lees of W'in#, but is 
obtained from red wines destined for distillation 
by the following method: the wine is treated 
with sufficient b^/jic lead acetate to pr^ipitato 
the colouring matt*, the precipitate is collected 
on ft filter and washed until the filtrate contains 
j,only traces of lead (24 hours). The precipitate 
■ 18 * weighed moist and the dry substance and 
; lead oxide are determined in an aliquot portion. 

: The remainder is then treated wijth exactly the 
i calculated quantity of sulphuric acid and 
I filtered hot. The colouring matter passes into 
! the filtrate and is obAined in the form of a 
i syrup soluble in water or alcohol by evaporating 
I the solution ty the required consistency after 
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adding glycerol in the proportion of 10 grams 
of glycerol to the extrfict from 1 litre of wine. 
The solution of cenocf anin thus obtained is used 
for increasing the colour of poor wine and also 
for colouring confectionery and liqueurs.'Qfnocy- 
anin is not a uniform substfince and its pro¬ 
portion in red'wines vanes from 9*2 to 18*7 
gramt per litre (Cari Mantrand, BulUSoc. chiin. 
J90(>, 36,.l017,1022), v. Anthooyanins. 

(ENOLIN. The name given to the natural 
red colouring mrfotcr of wine precipitable by limo 
or basic lead acetate. Is brown-red whilst 
moist, but nearly black w^cn dry, gi^’ing a 
violet-rod or brown-red powder, readily soluble 
in alci^hol, and in water acidiflatcd with ve?v-' 
table acids, v. Anthooyanins. For the estima¬ 
tion of cenolin and cenotannin in wines, v. F. 
Joan, Compt. rend. 93, 900. 

(ENOMETER, ^ A hydrometer designed for 
determining the alfcoholic strength of wines. 

OIL-GAS V. Gas, oil. ' 

OIL, MINEflAL, V. Petuoleum. 

OIL OF AMBER v. Oils, Essentul, and 
Eesins. 

OIL OF HARTSHORN v. Bone oil. I 

OIL OF VITRIOL v. Sulphueio acld, i 
OIL Oi' WINTERGREEN, Methyl salicylate 
V. Oils, Essential. 

OILS, ESSENTIAL. The word ‘oil’ ap¬ 
pears to be derived frpm the Greek claio7i (oil),, 
elaia denoting the olive tree, from the Latin S 
‘ olenm,’ and the French ‘ huilo.’ Three' 
kinds of oil arc recognised, fixed or fatty oils, j 
of vegetable or animal oi igin (v. Oils, Fixed, and ! 
Fats), which are saponifiable; essential or! 
volatile oils of vegetable origin ; and pclroieum | 
oils of mineral ongm, which arc unsajionifiablc j 
and consist mainly of hydrncarboiiB. 

Es.sential or volatile oils are aromatic volatile 
substances of an oily nature usually obtained 
by the distillation of vegetable products with 
steam. They are generally liquid, though 
somotimoa semi-solid at ordinary temperatures, 
slightly soluble in water, soluble in alcohol, 
ether, benzene, light petroleum, and most 
organic solvents. They arc found in all parts 
of the plant or tree, some occurring in the woody 
stems or roots, others in (ho bark, leaves, flowers, 
and fruits. Many essential oils arc of complex 
composition, containing constituents belonging 
to various classt's of organic compounds, trr- 
penes, alcohols, esters, aldehydes, ketones, 
phenols, ^&c. In some cases the oil consists 
almost entirely of one constituent, e.g. bitter, 
almond oil (benzaldehydo), black mustard oil j 
(ailyl isQ-thiocyanatc), and wintergreen oil 
(methyl salicylate). Each of these three oils 
is formed by the decomposition of a glucoside 
by a natural ferment or enzyme which exist i 
together in the material, the reaction being | 
induced by maceration in , water with the ; 
formation of glucose as a bV’-product. 

The genera! characters of essential oils extend 
over a wide range, the specific gravity in most 
cases being less than 1*000, though several oils 
are known which are heavier than water. The 
refractive indices vary from 1*432 (rue oil) to 
1*605 (cassia * oil). Many oils are optically 
active to polarised light, the optical rotation 
being a character of importance for judging 
purity, each individual oil having a compara¬ 
tively small natural variation. 


The functions of the essential oil in the plant 
economy are not thoroughly understood. In 
some cases its fragrant odour has an attraction 
for certain insects which fertilise the flower, in 
others it acts as a ropellant against ouemies of 
the plant. 

Some oils ajiparently result from pathological 
processes, others appear to bo by-products of 
metabolic processes of an obscure natui'e. The 
development of the essential oil in several plants 
has been investigated by Charabot and his pupils, c 
who have studied the effect of different manures 
on the yield and character of the oil from 
peppermint plants, the influence of light, climate 
and soil, and the best period of collection for 
distillation. 

Essont.ial oits arc usually seorcl ed in special 
glands, cells, or vessels, and are frequently asso¬ 
ciated with resinous bodies. For example, tur¬ 
pentine oil & obtained by the distillation of the 
olco-'*esin or turpontino which is secreted in the 
rosiii-ducts of June trees. Many oils become 
resinous on exposure to air, chiefly owing to 
the oxidation of the torpene constituents. 

According to Charabot the odorous com¬ 
pounds first appear in the young green organs 
of plants, and continue to form and accumulate 
until the flowering period, when the activity 
slackens. They migrate by diffusion from the 
leaf to the stem, and thence into the inflor¬ 
escence. A jiortion .enters into solution and 
penetrates into the tissues where it becomes 
deposited. When fertilisation lakes place, a 
quantity of essential oil is consumed in the 
inflorescence, or is lost by evaporation. Pro¬ 
bably the green organs continue to produce 
odoioiia constituents, but experiments show 
that during fertihsatioii tlu;ro is a net loss of 
these bodies. It is therefore obvious that in 
most cases the best yield of essential oil is 
obtained before fertiUsatfon takes place. After 
fertihsation the oil again increases in the green 
parts of the plant. , 

Esters have their origin in the green parts of 
the plant by the direct combination of acids 
on the alcohols previously formed. Esterifica¬ 
tion appears to bo assisted by enzymes which 
act as dehydrating agents. Chlorophyll, how- 
e\’'er, appears to bo the important factor in 
effecting the condensations which, build up 
complex sujjstances from simpler bodies. 

The addition of ’mineral salts to the soil, 
such as the chlorides of potassium, sodium and 
ammohiuH sulphates of sodium, potassium, 
ammonium, iron and manganese, nitrates and 
phosphates of sodium and potassium; appears 
to fSvour the formation rf>f esters in peppermint 
plapts. 

In some instances the oils are semi-solid or 
almost solid in character. Although the words 
are of little ecientific value the solid portion of 
oils are still described as sharopienes, and the 
liquid portions as oleoptenes or elasoptenes. 
ff The metbods'^of production may be divided 
into three principal classes. 

(1) Distillation: o 

(a) From the plant^; 

(b) From oleo-resinous exudations. 

(2) Mechanical processes. 

(3) Extraction by solvents. 

1. The methods of production, of volatile 
oils tiy distillation from the wood, leaves. 
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the usual methm^Lnr f ‘f’ ®''e by th» pressure and the oil, 

modified i“ recent been greatly together with a consideraile quantity of water 

has been de«?ti^ 7 attention and some juice, is absorbed by the sponge, 

of distiZtfnn *“ sponge is squeezed from time to time iido 


of distillation an,t raTnu ' ;• T “ , squeczeU from time to time into 

instants f r,“ w I”, some few j a bowT and the oiUeparatcd from the water and 

tZ n I- “sod for distillation, filtered in closed filters. 

of eSS Y “Stivo distillers The process is employed in Northern 

usual melZd. howewr 4e South of France. An ^Buelle is a 


usuhI 1, vvuaav.jcn. A lie | xutwjf miu uuu oouLu oi J! runco. An (‘cuelle 18 ft 

the saucer-shaped vessel, 8-10 inches in diameter, 

•example hi the jZn 7 i?? trays—for made of tinned copper, the iiaide of which is 

or to nlZ r “I ''bo uinbelhfcrou.s fruits, covered by short spikes about a quarter of an 

. the material. inch long. The ISottom is connected by a 

the readily .volatile m hollow tube through ^hich the oil jiasses to a 

from th?“ “ “ ore distilled pccjlecting vessel.* The whole fruit is pliq'ed on 

nressnrr material under reduced the hcuclle and by rapid rotatory motion the 

lower t’em '’T'"", ^ “‘"Ch oil glands are burst and the oil is ejected. An 

advZt.oZ^tZ**'*!?’ ‘ corresponding oil of inferior quality is obtained by subjecting 
temnil™ A* 1 *“; “i 'ud subjected to the residual fruits to pressure or by maceratini 
MmleZ * rn ¥ ^ *“ de*onipositioii. in warm water. A still infefior oil is obtained 

Modern stills have a capacity ol 600-12(1(1 by distillation. 

gallons or more, and are usually made of copper i In the Scorzetin 'procem the fruits are cut 
with lemovable domes having water-scaled ' into halves, the pulp is renioved’by a siioon and 
fastenings to keej) tbcm iii the peel is twisted and jiressed against a sponge, 
josiiion. jjiey arc mounted on brickwork The pulp is used for the luoduction of lemon 
bases with steel framework, and have bottunifi^ jmee and the jiecl ih salted, 
raised la the centre to otfeet absolute drainage. Mac/nnes are also used for the production 
luc stills are litted with discharge pipes and of these oils, especially that of bergamot, by 
also With steam heating coils constructed of means of which the Iruits are brought into 
copper with traos tor the condensed water, contact with small knives which puncture or 
which IS led baiik into a tank for feeding the rupture the oil glands. *l'lio oil is drawn out 
steam boiler. The still heads taper to a narrow of the vessel by means of vacuum pumps and 
pipe which leads to the condenser. The false steam ia sometimes admitted to facilitate the 
bottom and cages in which the material is placed process. Machine made oils, however, are 
rest upon brackets fitted into the inside of the usually inlerior to those piodueed by hand 
* i\u processes. An illustiation of one form of 

and the false bottom is perforated to enable mechanical press is figured m the Perfumery 
the water to drain away. Above the stills and Essential Oil Record, March, IfilO, 01. 
chain lifting tackle is fitted to steel girders to *1. Kxtmciion hy aolvnitb. Extraction pro- 
lacilitato emptying and refilling. cesses arc employed principally for the dehcate 

1 he eondenscj's usually consist of coils floral essences which arc partially decompos^ 
surrounded by cold water, which is kept con- [ by distillation, such as jasmine and tuberose, 
tinually flow'ing through them from the bottom Three kinds of processes are used; {cl) those fn 
upwards. J he^ condensed distillate is collected | wdiich a volatile solvent is used; (h) those in 
in separators fitted with strainer plates and a i which ^noii-volatilo oil or fat is employed ; and 
series of draiiung taps. The condensed water j {d) those in which a (mirent of moist air is used. 


is forced back into the stills by steam cj'cotors 
to be used in a subsequent distillation. 


The volatile solvents commonly employed are 
alcohol, benzene, ether,*ohloroform, light petro- 


DistUUiiion from oleO‘r€/finou« cxudaiioita. ^cum, diehlor-ethylene, acetone, and tctrachlor- 
Many of the oloo-resins of different degreer of ethane. The simplest form of extraction is 
viscidity arc used for the distillation of volaftilc by percolation, either in the, cold or at the 
oils—the most iraportant»being thi oleo-resin boSing-point of the solvent on the principle o# < 
used for the distillation of turpentine, and the the Soxhlet apparatus. On the removal of the 
osseutial oil distilled from such bodie^ ^ ci^paiba, j solvent a mixture of oil, resin, wax aii3. colour- 


&c. ’ In the case of turpentine the oreo-resin is [*iiig matter results, known as ‘ concretes,’ from 
Cjiused to exude from the living tree by making which floral essences are prepared by solution 
incisions,•usually V-shaped, after stripping off in alcohol. In some cases the extracts are 
the bark. The incision® are first made about 8 purified by distillation under reduced^pressure 
inches above the root, and the oleo-resin wlflch : with steam. These are known as * absolutes,’ 


exudes is collected in woodtn vessels. The j The extraction by non-volatile solvents is 
exudation commences about March and con- 1 typified by the enjleurage proem. A pure 
tinues till the end of August or the beginning of | neutral fat, such tia purified lard, is melted in 
Sejitomber. The cAdo oloo-resin thus obtained | trays, technically known as ‘ chassis,’ and the 
is then distilled with water. ^ ^ fresh flowers are laid on the fat for a short time, 

2. Meclianical produc^iofi. Mechanical pro- 1 6hen removed and replaced by fresh flowers 
cesses are employed in the case of lemon, orange, un’lil the fat has become saturated. The 
bergamot, and lime oill, which are obtained from fat is then removed and sold as ‘ pomades,’ 
the peel of the fruit. ♦ TAe sponge proccijif, which which arc employed in the manufacture of 
is usually employed in Sioilv, and Calabria, is perfumes, being extracted by meams of warm 
essentially as follows: The fruit is first soaked alcohol in closed vessels# Olive oil is also used 
in water for a short time and the peel is then for jasmine and violet flowers, the fresh flowers 
removed in t^ree slices, each slice being pressed being* macerated in the oil or placed on travs 
flat by the fingers against a sponge. The oil containing linefl cloths soaked in the oil. The 



634 


OILS, ESSENTIAL. 


oil is then pressed out^and may be extracted i 
by means of alcohol oi used in brilliantines. i 

In the moist ait process, hot air is passed 
through a series of wet sponges and thci^ over 
the flowers and into a volatUe solvent which 
retains the perfj^me, and which can afterwards 
be removed. Tho advantage of this ))roce«8 is 
that only volatile bodies are extractetf, colouring 
matters aftd resins being left in the raw material. 

The main ooi^stitueiitH of essential oils may 
be conveniently divided into the following! 
important classes: terjienes «,nd aeaquiterpcncs, j 
alcohols, esters, aldeiiydo^ ketones, jjlicnols ami I 
allied compounds. « ^ i 

Terpenes. The principal terjieues occuning j 
in essential oils arc jniienc, camphenc, fenohcnic, i 
Umonenc, dipentene, terj)Lneuc, tcrpinolciic 1 
phcUandreno, sylvestrcnc, carvestrrnc, thujt'iic, | 
sabinene, santciie.* Tlio first thiec belong fo j 
the bicyclic series, tho structure being in the i 
form of a double ring. 'I’lic other ter]icnes may ! 
1)0 regarded as' doiivativcs of cyniene, u Inch j 
they closely resemble in molecular constitution, i 
Limonene, diiientcno, carvoistrem;, sylveHliiMie, 
and terpiriolene may bo logardetl as dibydro- i 
eyinones, ‘containing two ethylene linkages I 
and have the formula OiqHjj. Menthene and j 
oarvo-monthene are tetrahydrocymem's and j 
have the formula On reduction tliey j 

yield hexahydroeyineiies. 1’lie ter|K'nes arc , 
characterised by the melting-points of tlieir! 
derivatives. j 

Sesquiterpenes. I'liese liavo the general' 
formula and boil at a tempmatuie above 

250°. They have a high lefractivc index and I 
yield halogen derivatives which are somewhat i 
difficult to [Mirify. . 1’he more important ones | 
occurring iii essential oils are cadincnc, caryo-; 
phyllenc, cedrene, liutnulene, saiitaleno, and ■ 
zmgibercne. Ulcfiuic se.sqmtcrjiencs occur in 
oils of citronella, lime, and lemon. 

For further details a.s to characters and 
com})ositiou of this class of substances, see art. 
Turpenes. f 

Alcohols. The alcohols of the paraffin 
aeries found in essential oils ccunfirise geraiiiol, 
linalool, nerol, and citroiiellol. Tiiese belong to 
the unsaturated series containing one or more* 
double linkages. 

Alcohols of Vie benzene scries are benzyl, 
ftinnamyl, and anisyl alcohols and phenyl-ethyl- 
alcohol. , Terpineol, terjiene hydrate, borneol, 
pulegol, thnjyl alcohol, fenehyl alcohol, sabinid, 
and menthol are derivatives of the terpenes. 
Among sesquiteqiene alcohols, saiitalol, ecdiol, 
guaiol, patchouli alcohol, and the sfi-cailed 
‘ camphor's * of cubebs and inatico may be 
mentioned. With tho exception of aantalol 
these are solid compounds. 

Esters of many of these alcohols also occur 
in essential oils, notably those of acetic, pro¬ 
pionic, butyric, valeric, tiglio, benzoic, salicylic, 
cinnamic, and anthranilic acids. The pcrcentagt; 
of esters is found by 8a])ouification with alco¬ 
holic potash and many oils ai'e valued according 
to their ester content. It should be pointed 
out, however, that probably other constituents 
absorb potash under the conditions of saponifica¬ 
tion and the determinatllon of the saponification 
number is not strictly a measure of the esters 
present. It is useful, however, for purposes of 
comparuon. Two to five ^ranfines of the oil 


are heated on a water-bath for an hour with 
20 c.c. of normal alcoholic potash and the 
excess of potash titrated with normal sulphurio 
acid. The acid value of the oil should be de¬ 
ducted from the saponification value in deter¬ 
mining the ester-content. 

I’he alcohols are determined by acetylation 
and subsequent estimation of the acetic esters 
formed. The usual method of procedure is to 
heat 10 c.c. of the oil with 15 c.c. of acetic 
anhydride and 2 grams of anhydrous sodium 
acetate for 2 hours to boiling-point under a reflux 
condenser. The oil is then thoroughly washed 
by shaking with successive quantities of water 
and afterwards dried by shaking with anhydrous 
sodium sulphat^. 2-5 grammes of the acctylaicd 
oil i.s then neutralised and sajionilied with 20 c.c. 
of normal alcoholic potash lor an hour and the 
cxress of polish titrated w'lth normal acid, using 
l)henoi]>hthalein as indieator. The percentage 
oi alcohol in tlio original oil is calculated from 
M XxlOO , , , 

the 

where M is the molecular w eight, of the alcohol, VV 
^he weight of uoetyiated oil, and X the number 
of c.c. of normal alcoholic jiotasli absorbed. 

Aldehydes. Tlio aldehydes of tbo jiaraflin 
H(uies Jouncl in essential oils are furfural, 
aiictaklehyde, eitral, aiul citronollal. Those 
licloiiging to the benzene series are benzakle- 
hydo, salicylic aldehyde, emnamic aldehyde, 
anisic aldehyde, and cuinic aldehyde. 

Tlic usual method omjiloycd for the deter¬ 
mination of cimiamic aldehyde in cinnamon and 
cassia oils and for tho dctcrmiiiatum of citral 
in lenumgruKs oil is as loUows:— 

Five c.c. of the oil are shaken wdth a hot 
solution of sodium bisulphite (35 p.c.), freshly 
])iepared, and heated in a water-bath for an 
hour, or until the solid aldehyde bisulphite 
compound is comyilctcly dissolved. A flask 
with the neck graduated in tenths of a cubic 
coutimetre is employed and the imcombined 
oil is driven up into the neck of the flask and 
the volume noted after cooling. Tho dift’erence 
between the volume of the original oil and the 
volume of the residual oil represents the pro- 
jxn'tion of citral or cinnamic aldehyde, and 
multiplied by 20 gives the percentage by volume. 

!For the determination of citral in lemon 
oil the byAi'oxylamii.e process is recommended 
(.see i^erfumery and Essimtial Oil Kecord, 
Noveabe| ,1010, 203-204). 

Ketones. The more important ketones 
occurring in essential oils are carvonc, pulegone, 
mewthone, camjilior, fonchonc, ana thujone. 
Metliyl-heptyl-ketone and methyl-nonyl-ketone 
ocmir in the oil of rue and methyl-hepte- 
nonc in tho oils^of lomongrass, citronella, and 
lignaloe. ^ 

Tho best absorption* prt^ese for the estima¬ 
tion of carvonc is as follows:— 

S Five c.c. of tiie is introduced in a 200 c.c. 

ask with tho neck graduated in tenths of a 
cubic centimetre. 26 c.c. of a 20 p.c. solution 
of neutral sodium siilphi^ is then added and a 
few drops of phenolphthUlein solution. It is 
then placed^in a water-bath and thoroughly 
shaken, when a. rod colour is immediately 
produced due to the liberation of free caustic 
alkaK. A 10 p.c. solution of aeetic acid is 
added from a burette to maintain neutrality. 
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and the mixture heated until no more free alkali 
is liberated, the time required being usually 
about 45 minutes. The uncombined oil is then 
driven into the neck of the flask and the volume 
read off after cooling. The difference between 
the volume of the original oil and that of the 
residual oil multiplied by 20 will give the 
percentage by volume of carvone. For pulegonc 
in oil of pennyroyal litmus is a better indicator, 
and four hours are required for complete ab¬ 
sorption. 

The above process may also be used for the j 
determination of benzuldehyde in almond oil, 
cinnamic aldehyde in cinnamon and cassia oils,* 
and citral in lemongrass oil. j 

Phenols {v,aUo art. Terpenes and Terpene ; 
Dbrivativks). J’lie chief jjlienols found in i 
essential oils are thymol, earvacrol, and ougcnol j 
{((.v.). These bodies are .soluble ig .solutions of j 
alkaline hydroxides, and may be extracted by: 
shaking the oils with a solution of caustic f^otasli I 
or soda. They dithu' from acids in not being I 
soluble ill alkaline carbonates. i 

The method usually adopted for the estima-1 
tion ol jihenol.s m es.scntiai oils is as ffiliowst i 
5 c.c. of the oil 18 iieated for an lioui in a water- ; 
hath witli a 5 p.c. aqueous solution ol jfotusli i 
with frequent agitation. A llask with the neck ' 
graduated in tenths oi a cubic ciuit nnctro is 
otiiployed for tlie pin pose, and the uiicombnual j 
oil IS driven into tJic giadu.ited neck by the; 
addition of a further quantity of potash soliitjon. 
The proportion of phenols absorbed is ealeulated 
by deducting the measure of uncombinod oil 
from the volume of the original oil, winch gives 
the proportion of jihenols by voimne. It the 
proportion by weight is required the .sj»eeitic 
gravity of the oil and the uneonibihcd i»ortion 
must be taken into account. 

Phenol derivatives. Anethole is the methyl 
other of >-])ropenyl phenol. It is the chief 
constituent of anise, oil and star anise oi! and 
also occurs in oil ol femieK It is a (aystalline 
substance, melting at 2^ und boiling at 232 '-'; 
sp.gr. 0*980 at 25'". 

/so-anethole (rufraf/olr) is the methyl ether 
of jn-allyl-pheiiol. it occurs in estragon oil, 
and also in anise and fennel oihs. It js a cohgir -1 
less liquid having a density of 0*971 and boihng 
at2j5^-210^ 

Safrole is the methj^ene ethir of allyl- 
pyrocatochol. It is the principal constituent 
of sassafras oil, and occurs m the Ijigh^boiling 
fractions of camphor oil and in cilinamoii leaf' 
oil. It is a colouiless liquid, boiling at 233°: 
eji.gr. I*i08. ^ 

Other phenol derf^atives arc diosphcnol, 
found in oil of buchu, chavicol, a constitBent 
of bay oil and betel leaf oii^ and ehavibetol, 
occurring in betel leaf oil. 

Unclassified constituents of d^sential oils. 
Apiole occurs in ml of jiarsley and its isomer 
dill-apiole in East Indian oil o4dil]. 

Cineolo or eucalyptol oifcurs in oils of woriS- 
seed, eajeput, and eucalyptus, and in smaller 
quantities in oils of ♦oaemary, lavender, spike, 
sage, laurel, cinnamiwi, and camphor. 

Compounds containing nitrogefi and sulphur 
occur in essential oils derived from plants rich 
in albuminous matter. The more volatile 
compounds,•such as trimethylamlnc and sul¬ 
phuretted hydrogen (the latter being formed 


during the distiUatic^ of. carraway oil) are 
usually lost in the distillation process. 

Hydrocyanic acid occurs together with 
benzgkldehyde in oil of bitter almonds. Carbon 
disulphide is found in black mustard oil, dimethyl 
sulphide in American poppornvint oil, and allyl 
di-sulphide in oil of garlic. Allyl-v^othio- 
cyanate i?the chief constituent of black mustard 
oil, resulting from the decompositfon of the 
glucoside potassium myronate in the presence 
of the ferment myrosin. It is obtained syn¬ 
thetically from allyl iodide and potassium 
thiocyanate. 

• 

Examination op Essential Oils. 

Physical cJiurackrs. In the analysis of 
essential oils it is usual to first determine the 
l>liysical cliaraciers, such as^hc specilic gravity, 
optical rotation, relraetive index, boiling range, 
and solubility. * 

'J'lic s-pecijic (juiviiy is the* density at 16° 
Compared with the weight of an equal volume 
of water at the same temperature, and is usually 
taken by means of a specilic gravity bottle of 
10 e.e. or 25 c.c. capacity. Anise igl and otto 
of rose are generally taken at 20*" and 30° re¬ 
spectively in comparison with water at 16°^^ 
(dlls which contain water should be first 
dneil by agitation with anhydrous sodium sul¬ 
phate. 

Optical rotation. The optical rotation of 
essential oils is usually taken in a 100 mm. tube 
by means of a polarimctcr, using sodium light. 
The sjiecilic rotation ajqdied to pure substances 
I lb the o})tical rotation in a JOG mm. tube divided 
; by the .specific gravity. It is expressed by the 

I term [ajj,. 

i The refractive index is the ratio of the sino 
; of the angle of incidence to the sine of the angle 
i r)f lefraetioii for the \) line (sodium light) and 
• IS exprcbsed by the term Wp. It is usually 
j given for a temperature of 20° and decreases 
j with iise of temperature to the extent of 0*0004 
I to O'OOtX) for each degree C’entigiade. Kefracto- 
meters are of various types, but tlio direct 
I reading mstrument n^^de by Zeiss is the one 
I most suitable for the examination of essential 
i oils (v. ItEPKACTOMETER). The temperature is 
kept constant by passing a^stream of water 
tnroiigh tho two X)risms between which the oil • 
18 placed. 

The mr.Uhiy-point of an oil is best determined 
by placing about 3 c.c. in a test-tubo, and con¬ 
gealing it by immersion in a freezing mixture. 
The lube is then immersed in a beaker of 
water and tho temperature of the w^er slowly 
raised until the oil is just completely melted, a 
thermometer being used to stir the oil con¬ 
tinuously. For crystalline solids the tiapillary 
tube metboii shohlii be employed. 

The boiliny-poxnl of a substance depends on 
the jiressurc of tho atmosjihere, the standard 
'pressure being equal to 700 mm. of mercury, 
'llie correction for variation of pressure is made 
as follows: T=Ti+0*0376 (700-^)) where T 
is tho true boiling-point, T^ the observed boiling- 
point, and p the observed pressure. For 
accurate determination a correction may be 
made for the portion of the stem of the ther¬ 
mometer not surrounded by the vapour of the 
boiling liquid. This is made as follows: 
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Ta»Tj4*0*000164 Ud, wla(fce T is the true hoiling- 
poiiit» Tj the obsented boiling-point, t the 
number of degrees exposed to the atmosphere, 
and d the dinerenoe between the temperature 
of the boiling liquid and that o^the surrounding 
atmosphere. • 

Fraclifmal diaiiUation of essential oils is 
usually oqpried out under reduced* pressure 
which should not exceed about 25 mm. A 
three-bulbed flash or a fractionating column is 
sometimes used, better separations being thus 
obtained. The characters •oi the various 
fractions are exceedingly^ useful in .detecting 
adulterf^tion. r 

Methods for the determination of alcohols, 
esters, aldehydes, ketones, and phenols arc 
given under the various constituents, 

Soluhility. —The solubility of an oil is often 
a good criterion of purity. It is usually deter¬ 
mined by shaking 1 c.c. otthe oil with 1, 2, 
3, or more c.c. of alcohol of various strengths. 
The strengths generally employed are 70, 80, 
90, and 95 p.c., and these must be carefully 
adjusted to the correct s]) 0 (ific gravity. lOach 
oil has a definite soluhihty value and the test: 
serves to detect adulteration or tlic jue.scncc of 
oxidised or resiriified pnaluets. Petroleum 
floats m 70 p.c. alcohol, tixetl oils sink. A defiiiito 
standard temperature should be adopted, say 

Detection of Adulterants. 
Turpentijie oil may be readily detected in oils 
which contain no pinene, the latter biiing the 
chief constituent of turjicntine oil. It is usually 
found in the first fraction distilled, and generally 
reduces the specific gravity and affects the 
solubility. Its presence is jiroved by the foima- 
tion of pinene hydrochloride (in.p. 125'^) and its 
nittosochlonde (m.iJ. 103*^). 

Cedar wood, copaiha, and yvrjun haUam oil. 
These are usually found in the last fractions 
since their chief constituents arc sescjuiterpcucs. 
They have a high refractive index an^’ high 
specific gravity, and are only soluble in absolute 
alcohol. Copaiba oil rotates -—5° to —35'”’ 
(African 4-20'^), ccdarwi^od oil —25'''' to —45", 
and gurjun balsam —35" to —130". . 

Alcohol may be detected by its low boiling- j 
point, low specific gravity, low refractive indej:, i 
and by the iodoform test. Oils containing 
alcohol form milky mixtures with water. It 
may be 'extracted by washing the oil with i 
water. | 

Acetone may be detected in a similar manner, i 
Fatty oils leave an oily stain when exposed 
on blottiqg paper. With the cxcejition of castor 
oil they are insoluble in alcohol. They usually 
increase the ester value of an oil and increase 
the non-volatile residue. Fatty oils have a 
very high boiling-point, ariU are therefore 
found in the residue left on distillation, where 
they may be detected by the acrolein test. 

ArtifiHal esters have usually a high boiling-' 
point and may be detected in the last fractions 
of an oil by saponifying with aqueous potash 
and identifying the products of hydrolysis. 

Glyceryl acetate, ethyl citrate, tartrate, 
oxalate, phthalate, and scccinate have been used 
for adulteration purposes. 

Petroleum (mineral oil, kerosene, &c.^ is ; 
less soluble in alcohol than ^ost oils. It 


baa a low specific gravity and refractive indext 
and is not sapox&ed by potash. It is also 
unaffected by nitric and sulphuric'acids. 

Principal Essential Oils. 

Absinthe oU (wormwood oil) is distilled from 
the leaves and tops of Ari^isia al)sinthium 
{N.O. Ccmposiice), a herbaceous plant growing 
in Europe, Northern Africa, and northern 
Asia, and cultivated in the United States.of 
America. The yield is from 0*5 to 1*0 p.c. .It 
is of a dark green or bluish colour and has at 
^p.gr. of 0'920-0*965. It contains thujone 
(tanacctone), thujyl alcohol, acetic and valeric 
esters, phellandrene, pinene, and cadinene. 
It is used in tho'fireparation of absinthe, in con¬ 
junction with other essential oils {v. Absinthe). 

Ajowan ^il is distilled from the fruit of 
Carurn ajotvan (Bcntliam and Hooker) or 
PtychUis ajoivan (D.C.) {N.O. Umhelliferm). 
Cultivated in India, Egyi»t, Persia, and Afghan¬ 
istan. The yield is from 3 to 4 p.c.; sp.gr. 
()'9()U-0‘930; slightly dextro-rotatory. tV»n- 
l^^iins thymol (40-55 p.c.), cyinene, and a terpenc 
hydrocarbon. Ajowan oil is the chief source 
of thymol (methyl ^.wopropyl phenol), which is 
' extracted fn»m the oil by ireezing or by means 
ol caustic soda, preci])itating with hydrochionc 
acid ifiid reorystalhsing from alcohol. Thymol 
mclis at 60"-61", and boils at 230°. 

Bitter almond oil. Obtained by distillation 
, with water from the marc left after expression 
of the fixed oil irom the needs of Intier almonds 
Prunvs Amytfdalus, var. amara {N.O. Posacca'). 
The oil results from the aetioii of a nitrogenous 
ferment cmulsin, found in both sweet and bitter 
almonds, on tJie gliicoside amygdalm which 
! exists only m the bitter almond. The reaction 
' occurs in the jncsenco of moisture as follows :— 

l-2fI,O=-^C,H,04-HCN4-2C.H,,0e 
Amygdalm. Benzal- Hydro- Glucose. 

dehyde. cyamc add. 

Beuzylcyanhydrin is formed by the interaction 
of the benzaldehyde wdth the hydrocyanic acid. 
Tho yield of essential oil vanes according to 
the quality of tho almonds, and according to 
<thev. proportion of sweet almonds mixed with 
the -bitter. Tho marc yields on an average 
1 p.'c. of oil corresponding to about 0’6 p.c. 

I from the original almonds ; sp.gr. 1 •045-1 *070 ; 

! it is optically inactive and consists of benz- 
^aldohy^o t^g-95 p.c.), hydrocyanic acid (4-6 
“p.o.), and menzylcyanhydrin or manifelonitrile 
{C,H •CH(OH)CN). 

j Tjie hydrocyanic acid may be reitfoved by 
redistdiation with lime itnd ferrous sulphate or 
by Agitation with sodium acid sulphite, crystal¬ 
lising the double talt and distilling the crystals 
with caustic soda. Essential oil of almonds is 
very rapidly‘oxidised off exj^sure to moist air 
1 forming benzoic acid, but when carefully dried 
i immersing in«it a piece of calcium chloride 
if is said to keep indefinitely. It may be 
adulterated with artificial benztddehyde or with 
alcohol. The former, if* free from chlorine 
compounds, is impossible to detect ; the latter 
is detected shaking with water and applying 
the iodofori^ test to the washings. 

A similar oil almost identical in character 
with <iil of bitter almonds is obtained from 
peach and apricot kernels. 



Amber oQ is a miztuie ol tez^ne« obtaiined 
by the destruotire distillation of amber. Mixed 
with rectified spidt and ammonia it was formerly 
used in medicine under tile name Eau de Intce. 
By the action of nitric acid a mixture of resins is 
produced, formerly known as ‘ artificial musk.*: 
Genuine oil of amber is now very rarely found i 
in commerce, much of the oil used medicinaliy | 
for embrocations* being obtained from amber 
resin (colophony (g.u.)) by destructive distillation. 

^ Anise oU. l)istilled from the fruit of Eim- 
pinella animm (Linn.) (iV.O UmbeUifem)^ grown 
•in Europe, and from the fruit of the star anise, 
lUicivmverum (Hook.) itfoynoliaccce),culti¬ 

vated in China. The latter is the source of mos^ 
of the anise oil of commerce. The yield of oil 
from the star anise fruits is 2-4 p.o., that from 
the pimpinella anise seldom exceeding 2 p.c. 
The characters and constituents of the two oils 
are practically identical; sp.gr. <?'975-0'l>90 at 
207 I 6 ®, rising on keeping; 0®~2" seldom dextro¬ 
rotatory; /il*652-r658; soluble in 3 vols. 
of 90 p.o. alcohol; it congeals about 15®, re¬ 
melting at 17®-19®. It contains anethole 80-90 
p.c., methyl chavicol, anisic aldehyde, anisic 
aoid, anisic ketone, pinene, phellandrene, limo- 
nene, oincole, and safrolo. Important changes 
take place in the oil on keeping, the melting- 
point being lowered and the density increasing. 
It is emploj'ed medicinally uh a carminative and 
expectorant and as a flavouring agent. 

Asafostida oil. Distilled from the gum 
resinous exudation from the root of Ferula 
Assa-fcelida (Linn.) {N.O. UmhfUifercB), and pro¬ 
bably other species growing i n Persia and Afghan¬ 
istan. It yields by distillation 3-7 p.c. of oil; 
sp.gr. 0'975-0'99(); rotation about —10°. It 
contains organic sulphur compounds having the 
formules puieno, 

and a 8 e.squiterpeno. The 2 )rop(>rtion of sulphur 
compounds present “ varies according to tlic 
species of Ferula from which the gum resinous 
exudation has been obtained. 

Bay oil. Distilled from the leaves of 
Pimenla acris (Kostei) {Myrcia acru [DC.]) {N.O. 
Myrtactcc), largely grown in the West Indies. 
The yield is from 2 to 3 p.c.; sp.gr. 0*950-0 -990 ; 
rotation —0° 30' to — 2". It contains eugenol 1 
45-80 p.c. methyl-ougenol, chavicol, meiftiyl-1 
chavicol, pinene, dipenteno, phellandrene,Imyr- 
oene, and citral. When distilled v^th water the 
oil separates into two.l!l.yer 8 , one lighter, the 
other heavier, than water. These are mixed to 
obtain a normal oil. It is sometimcbadSIterated 
with other eugenol-containing oils, notably those ' 
of olovf and pimento. 

Bergamot oil. detained by exprossiorf from 
the peel of the fresh unripe fruit of Qitrus 
Bergamia (Risso) {N.O. RutMece), cultivated in 
Calabria and Sicily. The * process used for 
extraction is similar that used for lemon oil. 
One hundred fruils yield 2}-3 ozs. of oil, which 
is limpid and of yellowish or greenish-yellow 
colour; sp.gr. 0*881-08«6rotation -fS'lttcv 
+24°, rarely exceeding +18°; esters calculated 
as tlnalyl acetate,, 36-42 p.c.; non-volatile 
matter after heatmg 2 hours on water-bath. 
5-6 p.o. It contains linalool, ^nalyl acetate, 
ootylene, pinene, camphene, limonene, dipentene 
Umene (sesquiterpene), bergaptene>( 8 tearoptene). 
The oil is subject to considerable adulteration 
with addd^ esters, including terplneol Acetate, 
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etiiyl oitrate, &c., towther witii terpenes fro» 
allied wneeifla n# 


allied species of citrus^ 

Bocau oil. Distillea from the leaves of 
Barosma heiuUna (Bartl. & Wendl.), and otj^er 
^oies (N,0. ButcKe<B)t a shrub indigenous to 
Cape Colony. . Jb yields from 1 to 2 p.c. of oil; 
sp.gr. 0*9^-0*960. It oonfiains diosphenol, 
limoneneii dipentene, menthene, the constituenta 
varying according to the species 0 ! Bwroma used 
for distillation (see Pharm. J. 3rd series, 796- 
797). * 

Cajuput oU. ^istilled from the leaves of 
Melal^ica Leucadendron (Linn.) {N.O. Myrtacece)^ 
and other species of melaleuca indigenous to 
■India, Nortli Atistralia, the Malay ArtAipelago, 
and the Molucca Islands. It is a green or 
bluish-green limpid oil having an aromatic 
camphoraceous odour resembling eucalyptus 
oil; sp.gr. 0*019-0*930; .rotation 0°-4^ It 
contains oineolo (45-60 p.c.), terpineol, pinene, 
butyric, valeric, and benzoic aldehydes. The 
green colour of the oil is due to contamination 
with coj>j)er, which can bo removed by distilla¬ 
tion or by shaking the oil with a solution 
of citric or tartaric acid or potassium ferro- 
cyanide. . 

Calamus oil. Distilled from the rhizome 
of the sweet flag, Arorua Calamu.t (Litm.) (AW. 
Aroi(lc(r), foinul on the banks of many European 
rivers and cultivated Is India. The yield is 
from 1*5 to 3'5 p.e.; sp.gr. 0*900-0*970; rota¬ 
tion + 10° to -i-35°. It contains pinene and a 
sesquiterpene and several oxygenated con¬ 
stituents. The Japanese oil is probably derived 
from the rhizome of Acorvs grarnineus (Soland). 
It has a density of 0'9ll0-l*()00. It is used in 
the pre^iaration of cordials and liqueurs and in 
Iierfumery. 

Camphor oil. A by-product in the manu¬ 
facture of camphor from the wood of ^^ho 
camphor tred, Cmnainomvnv Camphora (Nees & 
Kberm.) {N.O. Lauracem), found in China, Japan, 
and Formosa. The oil varies considerably in 
character, but may be divided into two distinct 
cbissdh, ( 1 ) the light fractions consisting princi- 
pally of terpenes, ( 2 ) the heavy fractions con¬ 
taining more or less safrolo, which is largely used 
m the preparation W heliotropin: sp.gr. ( 1 ) 
9-860-0-950, (2)0*950-1*100; rotation (1) +12° 
to +32°, (2) 0 ° to +12°. Camphor oU contains 
'W.mphor, torjuneol, safrolo)* eugenol, cineole, 
pinene, phellandrene, dipentene, and cadinene. * 

Capanga oil v. Ylang Ylang. « 

Caraway oil. Distilled from the fruit of 
Oarum Com (Linn.) {N.O. UmhelliferoB), which 
Is cultivated in England, Holland, Germany, 
Russia, and .Morocco. The yield is from 
4 to 6 p.c.; 8 |).gr. 0*900-0*920t rotation 
+ 70° to +82°; refractive index (25°) 1*486- 
1*497; at least 60 p.c. should distil above 200°. 
It contains cofvol or carvone (6()-M0 p.c.), 
limonene, dihydrAcarvool, and dihydrocarvone. 
Much of the oil is partially decarvonised, the 
carvone being employed extensively for the 
production of the liqueur ‘ Kummel ’ (v, 
Liqtjetjbs). 

Cardamom oil. Distilled from the seeds of 
Eletiaria Cardamomum (Maton), var. j8 (N.O* 
Zingiberaceoi), growing wild, and cultivated in 
Ceylon, Malabar, amr Mysore. The cultivated 
Ceylon variety furnishes the greater part of the 
oil of oommqfce. The yield is from 3 to 8 p.c.; 



638 


OILS. ESSENTIAL. 


9p.gr. 0’922-0*950 at 2^; rotation +22® to 
+46®. Tho wild Ceylon ml is inferior in quality, 
having a density of u*895-0*910 and a rpta* 
tionof +12® to +13®. Cardamo?n oil contains 
cinool (6-10 p.c.), rf-torpineol, limonene,'and 
terpinene. • 

Cascarllla OU/ Distilled from the bark of 
Croton *Eluteria (Bonn.) {N-0. Euphorh'ac.P(r), a 
native of the Bahama Islands; tho yield is from 
1*5 to 3 p.o.: gp.gr. 0*890-0'930; rotation 
+2® to +6®. It contains cymone, limonone, 
eugenol, cascarillio, stearic, aqd palmitic acids, 
and two sesquitcrjicnos. 

Cassia oil. Distilled fr')m tlje bark, leaves, 
and twig^i of Cinna.tnomum (Jama (Blume.) [N O*. 
Jjauracp(B), indigenous to Cochin China and cnlti- 
vatod in (^^hina. The yield ia from 0'6 to 2 j).c,: 
ap.gr. 1*0.60-1*066; rotation +1® to —C’; 
refractive index l*68t6 to I •(506 ; aohiblein 3 vols. 
70 p.c alcohol. It contains cinnamic aldehyde 
(75-05 p.c.), cinnamic caters,' bonzaldehydc anil 
methyl salicyl-a’dehyde, salicylic aldehyde, 
coumarin, salicylic acid, ami torpenes. It may 
bo adulterated with resin, petroleum, and fatty 
oils. Tho oil is sold in vanona grades according 
to cinnamic aldehydo percentage, the lower 
grades being usually reduced hy t\w addition 
orrosin. 

GedftrWOOd oil. Distillcii from the bark of 
Jiiniperit‘> innfiniana (Linn.), thi^ red cedar {N.O. 
Cupressine/n). Often obtained from the waste 
shavings from tho manufacture of cedar pencils : 
sp.gr. 0*l)40-0*U(50 ; rotation —2.6'^ to —4.6" ; 
refractive index, l'r>0-1’61. The chief consti¬ 
tuent is codreno (.sesquiterpene) Jt contains 
8-10 p.c. of codrol or cedar camphor, whud) is a 
crystalline soaquiterpeno alcohol melting at 
7H®-8()®. It is largidy used in pm-futnery and 
soap manufacture as a fixative tor pertumes, 
anrf. for microscopic purposes (Hi aeeount of its 
high refraotivo index. (Jedar loaf oil, obtained 
from the leaves of J. virginiann, is doxtro- 
rotatoiy +55® to +05°, and iia.s a .s/).gr. of 
0*8H3-.0'H8H. It containa Umonene, cadmeno, 
borneol, and bomyl esters. ' 

Commercial cedar leaf oil is probably derived 
from Thuya or.rAdf7Uah.^ (Linn.), and other allied 
trees. It has a density of (/'8fi(M)'1)20 and optical 
rotation —3® to —24®. 

Chenopodium oil V. Wormsecd m/. 

, Cherry laurel Oil is distilled from the leavi^. 
of Prunus Lauro-ceraffun (Linn.) [N.O. RosacvfP.), 
an evergreen shrub indigenous to south-eastern 
Europe and Asia Minor. It has a density of 
1*0,60-1*065 and contains benzablchyde, pru.ssie 
acid, and traces of benzyl alcohol. It differs 
very little from oil of bitter almonds. It is 
obtained a? a by-product in the preparation of 
cherry laurel water (B.P.), which is standardised 
to contaj^ 0*1 p.c. of prussic acid, and is used 
for medicinal purposes. 4 

ClnnamOQ oU. Distilled from the bark of 
Ginnamomum zcylanicum (Nees) {N.O. Laura^coi), 
a native of Ceylon. Jhe yield is from 0*6 to 
I p.c.: 8p.gr. 1*000-1’040 ; rotation 0° to — 1® j 
refractive index 1*665-1*682 ; soluble in 3 vols. 
of 80 p.c. alcohol. It contains cinnamic alde¬ 
hyde (56-76 p.c.), terpenes (phellandrene) and 
traces of eugenol. Oils containing a high 
aldehydo content (over 76 p.o.) may contein 
oa^ia oil or artificial cinnamic aldehyde. Thf se 
oils have a higher refractive inde^ than 1*582. 


English distilled oils have a low specific gravity, 
low aldehyde content, and a much finer aroma 
than heavier oils. 

Cinnamon leaf oil, distilled from the leaves 
and twigs of the same tree, contains 76-90 p.o. of 
eugenol and safrole, and only traces of cinnamic 
aldehyde: sp.gr. 1'046-1*066; rotation —1® 
to +1°; refractive index 1*5^3-1*636. Cinna¬ 
mon loaf oil distilled in the Seychelles is dove- 
like in odour and contains 85-95 p.c. of eugenol. 
The-oil distilled from tho root contains eugenol, 
safrole, camphor, benzoic aldehydo, and benzoic 
esters. 

Citron or cedrat oil. Obtained by expression 
irom the rmd of the fruit of (Jitrva Medica (Linn.) 
{N.O. Rutiireo’). Tlie citron is very similar to 
lemon oil but cfintains a slightly higher per¬ 
centage of citral. It is not now an article of 
commerce, but efforts are being made to grow 
tho fruit in ('drsica for the production of the oil. 
I<'aetitii'>u8 oils are offered umler both names 
composed of the oils of other spec ies of Citrus. 

Citroneiia oil is distilled from the fresh grass 
A ndropo(jov Nardiis (Linn.). {Cyttihopogon Nardvs 
lyienrllej) {N.O. Crfimniva’), which is largely 
grown m (k’ylon and in tho Straits SettlementB. 
'Phe yield is from 0*5 to 1*0 p.c.; the Ceylon oil 
has spgr. 0*00()-0*qi5; rotation 0® to —21®; 
rcfrpetive index 1*470-1 *482: the .lava oil has 
sp.gr. O-88.6-O'01O; rotation 0^ to —10®; 
refractive mclex 1*405-1*4(58. Citroneiia oil 
coiil,ains geraniol, eitronellal, campheno, dipen 
tenc, limonone, and traces of hnalool, bonicol, 
methyl hoptonone, methyl eugenol, and sesqui¬ 
terpenes. It is largely used in cheap soap 
perfuiuiiry. The (Jeylon oil oontairis a largo 
proportion of geraniol, tho total acetylisable 
constituents amnuntiiig to 58~()5 p.c. In the 
•lava variety the eitronellal predominates and 
the pro]»ortinii of acetylisable constituents is 
higher (75-05 p.c.) since cifronellal is converted 
into isopulegoi acetate on acetylation. There 
are at least two Vf^^joties of citroneiia grass 
cultivated: (I) tho ‘ Lena batn ’ type ; (2) the 
‘ Malii Penghiri ’ type. The Ceylon oil is largely 
adulterated with Russian petroleum, the pro¬ 
portion of 12J-15 p.c. having passed tho solu- 
[plity test which lias been long in vogue. At¬ 
tempts are being made to establish a standard 
for tlie sale of the Ceylon oil on geraniol content 
in tho same ^ay as cassia and other essential 
oils are sold on their percentage of odorous con¬ 
stituents. 

* Clov^oiltii distilled irom the flower buds of 
Eiugpuia carj/ophyllaia (Thunb.) {N.O: Myr- 
tacccc)^ indigenous to tho Molucca Islands and 
cultivated in Zanzibar and i^emba, Sumatra, 
Penacg, Madagascar, Seychelles, Mauritius, and 
West inilios. Thei^iold is from 16 to 20 p.o.; 
tho stems yield about 6 p.c. It has sp.gr. 1*047- 
1*0(56 (eugenoi 1*070; carywhyllene 0*908); 
rotation 0® to —1*30°; refractive index 1*628- 
1*540; soluble in 3 vols. of 70 p.c. alcohol. 
■Itfsontains eugenol (85-96 p.c.) and eugenol 
esters, caryophyllene. methyl alcohol, furiural, 
traces of amyl methyl Intone and methyl 
benzoate. Tho oil is very largely used for the 
production of winillin. , 

Copaiba oil is distilled from tho olco-resin or 
balsam of oopaiba, which is an exudation from 
the tri^k of Copaifera Lansdorfii (Jleef.) and 
other species of copaiba (N.O. LeguminoBW)^ 
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mdigonous to Brazil and northern S, America. 
The Para variety gives the highest yield of oil 
(60-66 p.c.), the Bahia yielding about 60 p.c., 
the Maranham and Maracaibo about 40 p.c, 


1920. Indigenous to .^stralia, Tasmania, and 
New Zealand; cultivated in Spain, Algeria, 
and California. The yi^d is from 0‘8 to 1*6 
p.o. ‘The following are the characters of oils 


sp.gr. _ 0-896-0-918; rotation -T to -26M high loucalyptol content as required by the 
(oocasionally higher); refractive index 1*496-i British Pharmacopoeia: sp.gr. 0*910-()*930{ 
1*500. It is chiefly composed of sesquiterpenes ! rotation -f 10° to —10°; refractive index 1*469- 


(caryophyllene). African copaiba oil is dextro¬ 
rotatory about but leovo-rotatory oils can 
be obtained from the wood of young braiichca. 
Gurjun balsam oil has a Iflevo-rotation of —35° 
and upwards. It gives an intense violet colour 


1*475; ciiyole (eucalyptol) 55-80 p.c.; mftstoiis 
are aolublo in 3-5 vols. of 70 p.c. alcohol. Oils 
containing much phellatidrene and but little 
ciiieolc such as that of E. ahygdalina (Lab.) 
have a lower dem^y (()'855-0'896) and a higher 


^hen dissolved in glacial acotic acid and treated | Irovo-rotation (——SO*’). Eucalyptus oil 


with a few drojjs'of nitric acid 


contains cineole (ouc*Iyptol), piriene, phellan- 


Coriander oil is distilled from the fruit offdfene, cymene* piporitone, aromadewdrene, 
Coriaiuimm sativum {Linn.) {N.O, UmhdUferm), j aromadcndral, esters of eudesmic acid, eudesmol 



refractive index 1*403-1‘407 ; soluble in ivols, 
of 70 p.c. alcohol. It contains coriandrol 
(rZ-linalool) andrf-pinoiic. '^I'lie body which gives 
the characteristic odour is unknown. It nmy 
he adulterated with orange and lemon ter|)enes i 
or tnrpcntino oil, which alie«;t the soluhiliiy j 
and the rotation. 

Cubeb oil is distilled from the dried unripe 
fruit of i’ipcr Cubcha (J..mn.) [N.O. /•’ipcmceor), 
chiefly imported from Java, 'riio yielil is from 
10 to 18 p.o. ; sp.gr. 0*910-0*030 ; rotation - 25° 
to —40°; refraoiive index 1-485-1 •40(>; soluble 
in 3-10 vols. of 90 p.o. alcohol. It contains 
dijientene, f-pinouc, camjiliene, cadinenc', and 
cubeb camphor, a crystalline sescpjiterjM'ne 
alcohol (rn.j). 69'’-70°, h.]». 245°). 

Cummin oil is distilled from the fruits of (him- 
iuum Oymimm. (Linn.) {N.O, Umbcllifnfp), also 
known as the Roman caraway. It is cult ivated 
ill Syria, Morocco, Malta, and the East TiiiIk^s. 
The yield is from 2-5 fo 4-0 }).c. ; sji.gr. 0-910- 
0'93d (East Indian 0*8!)3-0-899); rotation 
+4° to +8"; good oils dissolve in 3 vols., hut 
inferior oil may require 8-^0 vols. of 80 p.c. 


which are of low en^alyptol content, it is not 
hy any means jiroved that the^alue of the oil 
is dependent on (uicalyptol. 

The oils of Evralyp/ns dlriodora (Hook.) and 
E. maculata (Hook.) do not contain cineole, but 
consist almost ontindy of citroncll^il. They 
have s]).gr. O-HOS-O-flOh; rotation, 0° to -1-2°. 
Oil from E. miicarlhiri contains gcran^ 
acidate. 

Fennel oil. Distilled* from the fruits of 
Fcrmiciilum vidyarc {F. cfipdlaccum), N.O. 
Umbdhfcrir), cultivated in Oermany, France, 
Italy, Roumania, India, and Japan. 

4-(J j).o. 

CharacUrs. — Sp.gr. ()-9()()-0*990 ; oiitical 
rotation, -f (5° to -f-24''; refractive index, 1*525- 
1*534,* in.p. solubility 1 in 5 to 8 vols. 

of 80 p.o alcohol. 

Constituenls .—Anethol (60-60 p.c.), fenchone, 
f/-pinene, and <lipentene. ^ 

lteinarh.-*Oil of iSiveet Fennel (F. dulce) has 
a higher anetJiol content, but docs not contain 
fenehone. Ot/ of Bitter Fennel is derived from 
the wild plant growing in France, Spain, and 


alcohol. It ooniainscumime aldehyde (cum'mal) i Algont» H contains much d-phcliandrene and 
20-30 p.o., cymeno, and a d<‘xtro-rotatory i some fenchone, hut no anethol. It has a lower 


torjieno, b.p. 166°, probably pmcnc. 


density (0*900-()-|>25) and a higher optical 


Dill oil is distilled from the fruit of Aneihum i rotation (41° to 48°) Hiari the true fennel oil. 

_7_\..,.7_Jl. »T»yL I f 1,7 . T, ...... 


{Pe.ucedanuvi)graveolens (Beiitli. & Hook.), N\), 
UmbeMiferen. Indigenous to the Caucasus iind 
Mediterranean countries, cultivatedjn Bavaria, 
Thuringia, and Uoumani#. The yield is from 
3 to 4 p.c.; sp.gr. ()*895-0*915 (usually over 
0*900); rotation H-70° to -f 60° ^^reftactive 
index 1*477-1 488 ; soluble in 3 vols. of 90 p.c. 
alcohol, 4-6 vols. of SO p.c. alcohol. It contains 
carvono (40-60 p.c.),Un^nenp, and pIiellandAne. 


Oil of Water Fetinely derived from the fruit of 
Phellandrium aquation, contains a bigli proportion 
ofi|>hellandrene. It has a density of 0*850-0*890 
and an optical rotation of 12°-] 6°. * 

For narticulars of fennel fruits aiid their 
•cs-seiitial oils, see Pharmaceutical Journal, 4th 
series, vol. iii. p. 91 ; also vol. iv. p. 225. 

Geranium oil {liose-Gernniuin. oil or Pelar" 
gonium oil) is distilled from the leaves of Pelar- 


but no dill apiol. East Indian und Japaijese j gonium odoraiissimvm (Soland), tapitatum 
dill oils obtained from Aneihum (Fewnectawuw) j (Soland), and P. rosevpi (ll. Br.) {N.O. Qera- 
8oioa (Roxb.) have a sp.gr. v*9^-0-970, &nd \ niacecB). Indigenous to South Africa, but 

largely cultivated m France, Spain, Mgeria, 
and the island of Reunion. The yield is 0*16- 
0*35 p.c.; soluble in 3 vole, of 70 p.c. 
rfilcohol. 

* Geranium oil contains geraniol, citronellol, 
and probably linalool, acetic, butyric, tiglic, and 
valerianic esters. The Spanish oil commands 
the highest price. The French and Algerian 
oils come next, and the Bourbon, which is 
usually darker in colouRand has a characteristic 
odour, is generally of lowest value (v. table on 
p. 640). 


a rotation of 4-41° -1-61°. TJhoy contain 

dill apiol, a bodji heavier than water, b.p. 
285°. 

Eucalyptus oil* Distilled fftmi the leaves dif 
many species of Eucalyptus {N.O. Myrlacem), 
that of Eucalyptus glolpdm (Labill.) being chiefly 
prized though the oils of other species often 
contain more oucaly^oJ. The bu^c of the oil of 
commerce is now derived from E. dumosa (A. 
Cunn.), but several hundred species are known 
and employed for distillation. 8ee Baker and 
Smith’s Reidbarches on the Eucalypts, ed. 
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French 

Algerian 

Reunion 

(Bourbon) 

Spanish 

Sp.gr. 

0-896-^'905 

0'890-0-900 

0-890-0-895 

1 

0*889-0*898 

Rotation , , . ^ 

-T to-16° 

-6° to -12° 

-8° to -11° 

-10° to -16° 

Refractive ind^x. 

1-466-1-468 

i-4R5-'1470 : 

1-461-1'460 

1-466-1-470 

Esters calculated as geranyl 
tiglatfi .... 

2!!-28 p.c. 

20-29 p.c. 

27-34 p.c.* 

35-42 p.o. 

Total alcohols as geraniol 

about 76 p.c. 

1 about 76 p.c. 

; about 80 p.o. 

1 

about 70 p.o. 


Indian geranium oil {Tmkit^h Ocrnmum oil) 
V. Pnlmarom oil «, 

Ginger oil ia distilled front the rhizome of* 
ZiTigiber officinale (Roac.) {N.O. Zingihcracece)'. ' 
indigonons to tropical Aaia, and cnltivaled in i 
the East and West Indies and in Africa. The j 
yield ia from 1 to S p.c.; aji.gr. 0'R72-0'8S5; | 
rotation —25®to —46“ ; refractive index 1*4886- , 
14960. It contains phclKndrene, camphene, ^ 
and a sesquiterj)cno zingihcrcne, also traces of 
cineolo, hornool, and citral. 

Ginger grass oil is allied to palmarosa oil. 
Its botanical source has been traced to Cymbo- 
poijon Martini (Stapf), var. motia {N.O. Ora- 
minece). it has sp.gr. 0*930-0*946; rotation 
-v 29“ to 4*54“; esters 10-25 p.o.; total alcohols 
calculated as geraniol 36-70 p.c. It contains i 
geraniol, goranyl acefi^itc, dihydrocuminol, and ! 
traces of liraonene, diponteno, phellandrenc,; 
carvone, and an al«lehyde not identified. 1 

Juniper oil is distilled from the berries of 1 
Juniperus communis (Linn.) {N.O. Comjercc) and 
is produced chiefly in Hungary, -where it is 
obtained as a by-product in the manufacture 
of gin. The Italian berries produce the beat 
yield of oil, viz. 1-1 *6 p.c. The oil has ap.gr. 
0-860-0'890, increasing with age ; rotation • 3“ 
to —16®, occasionally alighlly higher; refractive 
index 1 *472-1*488 ; soluble when kcahly dist.illed 
in 4 vols. of 95 p.c. alcohol. It conttuns piiione, 
cadinene, juniper-camphor, and a small pro¬ 
portion of esters. I’inenc occurs to the extent 
of 25-00 p.c., and cadinene to the eir'ont of 
15-25 p.c. Juniper-camphor cimsists of a 
sesquiterpene alcohol (m.p. 105®-100“). 

Lavender oil. The tianety principally used 
in commerce is distilled from the fresh flowering'i 
herb Lavandula vera (DC.) [L. officinalis (Chaix.)] i 
{N.O. LabialCB), fpnd other species growing ^on ' 
the hij^her slopes of the Alps, 'fbe distillation 
is earned out on the spot by means of portable 
stills, to save cartage of the fresh herb. The. 
oil distilled in the lower districts is inferior to 
that of the higher. It has sp.gr. 0*883-0*805 
(occasionally higher); rotation —3® to —9®; 
esters caj'culated as linalyl acetate 25-45 p.c.; 
total alcohols as linalool 00-70 p.c.; soluble in 
3 vols. of 70 p.c. alcoliol. Contains linalool, 
geraniol, nerol, linalyl acetate^ pinene, limonene, 
traces of cineole and thymol Hnd a small quantity 
of sesquiterpene. 

English lavender oil, distilled in Surrey, 
Suffolk, and Hertfordshire, has similar characters, 
but contains only 6-10 p.c. of esters calculated 

linalyl acetate. Very little English oil is now 
distilled and its price is very high. It contains 
more cineole than the French oil, which may be 
adulterated with artificial eaters, ethyl oxalate, 
citrate, tartrate, benzoate, succinate, benzyl 
benzoate, &c. Admixture with spike 8il is 


detected by the odour, and by the reduction oj 
ester percentage. 

Spike lavender oil or spike oil is distilled from 
the flowering herb Lainndula Spica (C'av. Desc.), 
whieh grows in<the lower mountainous regions of 
France, Sj)ain, and Italy. Rp.gr. 0*905-0*915; 
rotation —1® to -1-4®; total alcohols calculated 
as borneol 2C-45 p.c.; esters as linalyl acetate 
4-0 p.c.: soluble in 3 vols. of 70 p.c. alcohol, 
(’ontains linalool, borneol, camjihor, cineole, 
terpineol, rf-eamphene, and a sesquiterpene. 

Lemon oil is obtained by meclianical means 
from the fresh peel of Citrus JAmonum (Riaso) 
*\N.O. Nulacem), w'hich is largely cultivated in 
Southern Italy and Sicily. It is also grown in 
Spain, Portugal, Southern France, and in the 
West Indies, ('alifornia, and Australia. It is 
produced in Sicily between November and 
March. Sp.gr. 0*857-0*802; rotation -{-67® to 
+06®; refractive index (26®) 1*473-1 *470. 
Contains hmoneno (about 90 p.c.), pinene 
(traces), citral (4-5 p.c.), octyl, nonyl, and 
decyl aldehyde, geraniol and linaloo’, and their 
acetic esters, camphene, phellandrenc and a 
sesquiterpene, limenc, identical with bisabolcne. 

Lemongrass oil v. Verbena oil. 

Lime oil is obtained by mechanical means 
from the peel of the fresh fruit of Citrus LirneUa 
(Risso) {C. Medico) {N.(/. JtufacecB), and is pro¬ 
duced in Italy in December and JanutCry. It 
resembles oil of lemon in odour, but the citral 
odour is more pronounced : sp.gr. 0*872-0*886; 
rotation -f 36® to +40® ; refractive index 1*476- 
1*486. Contains pinene, limonene, dipentene, 
citral (6-10 p.c.), linalool and its acetic ester, 
and limettin (m.p. 147®). 

' Distilled lime oil is an oil of inferior quality 
obty-med by distillation from the peel of the 
fruits of CiLrus Medico, var. acida, grown in the 
West Indies, chiefly ‘Montserrat: sp.gr. 0*856- 
0*868; rotation +34® to +64°; refractive 
index•47j)i -1*473. Contains pinono, limonene, 

I dipentene, cymone, terpineol, and a sesquiter- 
j pene, limene (bisaboleno). 

fayrtle oil is distillpd from the leaves of 
I Mnrius communis (Linn.) {N.O. Myrtaceee), grown 
■ in Spain, Italy, the South of France, and Cyprus. 

: It is a yellowish 'or greenish oil with a pleasant 
1 odour; sp.gr. 0*800-0*916; rotation +10® to 
i +30“. Contains pinene, dipentene, cineole, and 
I a camphor b.p. 196®-200°. The 

1 fraction, b.p. 160°-il80°, is sold as myrkd, and 
i contains cineole. «• 

Mustard oil is obtain^id from the seeds of 
the black mustard, Bras8%ca nigra (Koch) (N.O. 
; Crueijeroe) ajtor expressing the fixed oil. The 
; pressed cake is macerated in water at 60°-70° 
for several hours, when a reaction takes place 
between the gluooside sinigrin (potassium 
myrdoate) and the ferment myresin with the 
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production of easential oil of mustard. It Tlio Paraguay oil Las sp.gr. 0’884-0*8y6; 
is a colourless or palo yellow mobile liquid, rotation —2“ to +8'’^ esters calculated os 
with an intensely pungent odour and blistering linalyl acetate, 35-()5 p.o. ;^8olublc in 1 in 3 vols. 
properties; sp.gr. l‘014-l-032 ; refractive index 80 alcohol. (Contains pinone, dipentene, 
1*525-1‘535; optically inactive ; distils between canwfiene, and esters of terpincol and geranioU 
148° and 156°. It consists almost entirely of Orz^BUm oil 

allyl wothiocyanato C^H^N : C : 8 (96-99 p.c.), PeiOb kernel Oil v. BttUr oil. 

with traces of allyl cyanide. Artificial mustard Palmarosa oil or Indian geranium oil, gome- 
oil is prepared by* distilling allyl iodide with times incofrectly termed Turkif<h ycrariiuvi ml, 
an alcoholic solution of potassium thiocyanate. ! is distilled from the grass Avdropo^on Schce- 
Nutmeg oil is distilled from the seed of muthua (Bcnth.) {Cymbopogoi^ mariini^ var. 

*Mymstica fragrana {Hontt.) {N O. Myrislicaceca). ^^ojia) {N.O. Gra7mneie), a plant widely distri- 
Indigenous to the Molucca, Banda, and Suiida buted m India a*id found also in tropical 
llilands. The yield is from 8 to 15 p.c. Sp.gr. Western Africa. It has sp.gr. 0'885-0*895 ; 
0'865-0*930; rotation -|-10° to H-28°. Contains *ro|atiou —2° to«-j-2°,* esieis 6-11 p.c.: total 
pinene,cainphene,dipentene,terpineol,myristicol alcohols calcululed as gcraniol .76-9o p.c.; 
(a mixture of alcohols, terpineol,lmalool,boriieol, soluble in 3 vols. of 70 p.c. alcohol. Contains 
and gcraniol), myristicm, and i.soiuynsticin, goraniol, acetic and cajirojc esters, and traces of 
myristic acid, safrnl, eugeiiol, /Aoeugenol, esters cilronellol, inetliyl hcplenoiu^, and dipentene. 
of formic, acetic, butyric, ami octoi^ acids. Tlie oil is now sonn‘linies mixed with certain 

Oil of mace is practically indietingumbablo oils rich in gcraniol pjoduced from other 
from it, the oil being almost identical in character grasses. * 

and composition. Jt is derived from the anllm Parsley oil is distilled from th? fruit of Carnni 
of the nutmeg fruit. retrositinum (Bcnth. and Hook.) {rdroaelhi^im 

Orange oil is obtained by oxjn-essioii from saiumm.) {K.0. {////^f/hyiro.'), indigenous to Asia 
the pool of the fresh fruit. ItcuiiHLstsprincipallyi Minor and tlu; ]\lediterranean countries, eulti- 
of two kinds, the sweet oil from (UUuti Aaian- vated in all moderate climates. Jtfls colour- 
tium (Linn.), and the bitt('r oil from 0. Bujanuho less, yellowisli oj- yellowisli-grccn, partially soli^ 
(Loisel.) {N.O. liatacca ), the latter being usually at oidniaiy temperatures : sp.gr. 1*050-1*100 ; 
of somewhat higher value. The tree is indigenous rotation — 5'^ to —10 Contains ui>iol(m.i>. 30°, 
to Southern Asia, but lar^jely cultivated in b.p. 294'^) and teipenes, ]»tfybably l-phienc. The 
Southern lUuropo, Northern Africa, and the i oil from the rout is similar m character, whilst 
West Indies. The two oils arc only distmguish- i that from the fiesh heib has a lighter specific 
able by odour. The bitter od has sp.gr. 0*848- | gravity. 

0*853, and rotation -1-91“ to -f 98’. The sweet I Patchouli oil is distilled from the fresh and 


oil has sp.gr. 0*846-0*852, and rotalum H 96*’ 
to -f 99°. Oil of Maridarm oraiigc derived troni 
Ciirtis Bigaradiuy var. 6inen.m>, which is cidti- 
vated in Cliiua, has a density of 0*852-0*859, and 
an optical rotation of -f-fi5‘' to 4-75'^. Oil of 
Taiufcrmc oramje has cliaracters almost iilentieal. 
Orange oil consists prineiiially of limoneno 
(over 90 p.c.), with small quantities ol eilral, 
citronellul, docyl, aldehyde‘'terpincol, linalool, 
methyl anthranilale, and citrapteno. • 

Orange flower oil {Ncroh oil) is distilled 
from the f^e^h flowers of the hitter and sweet 
orange, the former being known as ‘ Biyurudef 
the latter as ‘ Borlugal.' It is pnneipayy 
distilled in the South of France. The petals 
are separated from the sepals, covered vAth 
water and heated by a coiU»l steam ^pes. Tlie 
aqueous distillate sejiarated from the oil is 
sold as orange flower water. The oil^afi*.sp.gr. 
0*870-0*886; rotation -1-9° to + 0 °; ester! 
content 7-12 p.c. ( oiitams Jimoiiene, pinene, 
diiientond? terpineol, linalool, geramol, and 
nerol and their acetic osiers, methyj anthranilate 
and paraffin hydrocarbons. • 

Orange leaf oil, generally kuiiwn as I’dilgrain 
oil, since it was originally obtained from the | 
small immature fru^, le pow distilfed from the 
leaves and young slroots oTthe bitter and sweet 
orange, the former comir^nding the liighct 
price. The best oil conges from the South or 
France, Spain, and Algeria; a slightly inferior 
quality is exported frofh Paraguay. The French 
oilhassp.gr. 0*885-0*900 ; rotation —5° to 4-3° ; 
esters calculated as linalyl acetati? 50-85 p.c.; 
soluble in 3 vols. of 70 p.c. alcohol. Contains 
limonene, linalool, geraniol, nerol, and their 
acetic esters# a sesquiterpene and stearopiene. 


drieti leaves of BcMjofftunon Ueymanus (Benth.) 
[P, Palchonly, Bcnth.) [N.O. Labiatm), wliich is 
cultivated in th(; 8lrait.s yettlements and in the 
West Indies. 'J’he Java oil is probably derived 
from a difl'erent species. It has sp.gr. 0*960- 
0*995; rutatn^i —40" to —68°; palchouN 
alcohol, C46 ^i;6 ^^2» soluble in 10 vols. of 90 p.c. 
alcohol. Contains ]>atehouli alcohol (ra.p. 56°), 
also termed patchouli camphor, cadinene, 
bcnzaldchyde, and emnainic aldehyde. 

Pennyroyal oil is o btamed from the fresh herb, 
Mentha Pvlcyium (Lmn.) (tA.O. Labiatx), and is 
Iinncipally distilled in l^pain, 8outhcm ITance, 
wild Algeria. The oil of American pennyroyal 
or hedeoma oil is obtained from Hcdcoma 
2 >iiletjioidcs (Pers.), which is widely distributed in 
Nof th America. The two oils arc very similar in* 
character; the Kuropean oil has sp.gr. 0*930- 
0*960; putation 4-13° to ; the iftncrican 
oil has sp.gr. 0*926-0*960; rotation 4-18° to 
4*22°. Both oils are soluble in 3 vols. of 70 p.c. 
alcohol and contain pulegouo (b.p. 221°-222°) 
as the chief constituent. 

Pepper oil is distilled trom the unri^ berriee 
of Piper nigrum (Liim.) {N.O, Pipcracecc), 
cultivated in Southern India, the Philippines, 
and the West Indlfes, It is colourless or yellow¬ 
ish-green, and has sp.gr. 0*870-0*900 ; rotation 
—S'" to 4-2°. Consists almost entirely of ter¬ 
renes and sesquiterpenes, phellandrene being 
th^ only constituent actually identified. This 
oil is rarely mot with in commerce. ^ , 

Peppermint oil is distilled from the fresh and 
dried flowering herb Mentha piperita (Linn.) 
{N.O. Labiatoi), of whiejj several varieties have 
been obtained by cultivation. The commercial 
oil cam be classified into three distinct varieties. 
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English, American, and Ja})anc8e. The English from 70 t() 00 p.c. Much of the Japanese oil 
is of two kinds, ‘ b%k * and ‘ white.’ The imported has been partially dementholised and 
‘white mint’ oil if considered superior in contains only about 40 p.c. of total menthol, 
quality. The greater bulk of commcrcial*oil is Most tills dissolve in 3-4 vole, of 70 p.c. 
/.merican, but this is inferior to the English oil. alcohol, but become turbid with more alcohol 
Japanese and ('hincse pcjipernunt oil is the unless rectiiied by redistillation. They contain 
chief source offinenthol, of Vhich it contains : menthol, ami menthyl esters, menthone, pinene, 


— 

Englisli 

American < 

Japanese 

Specific gravity .... 
Rotation ..... 

0-S)00-0*1)10 
- 22® to -33” 

0-1IOO-0-020 
-16° to -33“ 

o-aoo-o-910 
-30“ to -42“ 

Total menthol .... 

65-00 p.c 

60-65 p.c. 

70-90 p.c. 

Esters calculated as inenthyl i 

Hiack, 5-7 ji.c. 

— 

— 

acetate . . 5 .1 

WliiU', H-15 ]>.c. 

5 -14 p.c. 

3-0 p.c. 


pheliandronc, cineole, acetaldehyde, dnncth_>l 
sulphide, aiul a sesquiteriionc. Tins oil is now 
largely distilled m the South of Eraiiet; and 
Italy from plant- originally wniiorled from 
Mitcham (Plngland). T’or the charatitors ot the 
oils and other ])articn]aiH, J'erfuinery and 
Eaaontial Oil Record, ]!)10, 25)2 300. 

Pimento oil {oil oj aiupicc oi-JaiKUica pepper) 
is distilled from the uiirii>e Iruit of Pnricntu 
ojfficinuhs (Lindl.) {N.(f. ii/zr/oevu ), uidiKenous 
to the West Indies; sp gr. 1 *040-1‘055 ; rota¬ 
tion 0® to—4®; phenols r)5 -75 ]i.c.; .soluble in 
3 vole, of 70 ji.c. alcohol. (Joiitains cugeiioi and 
eugcnol methyl ether, cnicole, jiliciUindiem-, 
caryophyllene, and iiillmilie acid. 

Pine oils {Tuip< nlmc oil] (sinnelimes called 
spirits of turpentine) are derived lioin various 
species of Ptnioi {N.O. ('anijerw). The olco- 
rosin occurs in special rc.Mii duds in the woody 
portion of the trees. 'J’lie living iiee is ‘ tapjied,’ 
and the oleo-resin or liu])entim- which cxiulcs ih 
collected. The olco-resin on di.slill.ition uilii 
water yields oil of turjicntinc and the residue is 
known as colophony nsm. It is obtained 
pwincipally in North America, hnt is also pro¬ 
duced largely in Northern Europe and the 
mountainous districts ol Centra! Euro])e. 
American turpentine oil is derived principally 
from IHnuspalu^itri’S (Mill.) {P. audmli'^) and P. 
Tmia (Linn.); the French from Pinuf^ Piniidcr 
(fcjolaud); the Ru.ssiau from Pnuifi ■•ii/lvedrin 
(Linn.); and the Indiai' from /hiMos lonrjifohn 
(Hoxb.). The Ainoricaii is chieHy met with nr 
English commerce; the Fremth variety more 
commonly on the Continent. Riissjaii tuj pcntine 
M inferior m quality, as it has a strong characifjr- 
istic odour and is not easily deodorised. IS wedish 
turpentine is princiiially dcriveil liom P. sylv(-'<- 
tri*, and closely resembles the Russian nioduct. ' 


— 

i American ' Eicn<4i 

ussian 

.Sp.gr. 

Rotation 

b-856-0-877| 0'S56 0-874 
+ l°to+6° -18"to-40' 

0*855-0*874 
-b5 to-l 10® 


'’Ciuhaoters of R 


Sliccillc gravity H 


' P. Putnilio , . . O‘8ii3-0'875 

A. #i6iri’ca . . . , ()*900-0*y3l> 

P. sylveHris . . . 0‘8C8-0*025 

A,ptctinaia . . i 0*870-0*875 

A. pecltTtafa (cones) . . 0'853-0*870 


Must tur[ieiitiue oils dissolve in 5-8 vuls. of 
00 ]i.c. alcohol,‘'but the solubility increases with 
age owing to the iormation of soluble oxidation 
products. 4’liey arc soluble in an equal volume 
of glacial acetic acid. Oil ot turjieutnie j.s com- 
jioscd almo.st entirely ol hydrocaibons, chiefly 
jiiiK'iie, with tiaees ol oxulatiou products such 
as lurmic and acetic acids and resin. C^amjiheno 
and dijKUilcJic are usually j>rcseut and traces of 
•^ildehyde. Turpentme oil rearbly oxidises to 
jcsiiious Mubstauci's on exposure to air and 
light, and on tins jiroperty dejtciids its use in 
[aunts uiid varnishe.s. 

Pino needle oils or Pine leaf oils are obtained 
from the frcsli leaves ot various species of 
Piniis. 'Fhe duel varieties found in English 
commerce are those of Piniif^ Pnmilio (Ilaenke) 
and Ahici 'i’hc oilfrom Pinim Pvniilw, 

ollicial in the lintish I’harmaeopivia of 181)8, 
is flistilled in Hungary and tin' Austrian Tyrol 
lioin tlie leaves and twigs, it contains little 
piacnc, consisting principally <>1 phellandieue 
and sylve.strcnc, whilst cadnionc has been 
found in the higher boiling fractions. Only a 
small [iroportion of <‘stei*vs;s jn’esent. 

Od of Allies mhiriai is distilled from llio 
frcsli leaves and twigs in Northern Russia and 
' the slopes of tlie 'Ural mountains. It has a 
strong chaiac.lenstic odour and contains 30-40 
p.c. of esters cluclly bornyl acetate. It is more 
soluble than other pine oils, forming a clear 
•solution in an equal volume ot 00 p.c. alcohol. 

-Oil of Puivs sylvedrm {}\r wood oil) was 
oflinMl ill the J886 edition of the Rriti.sh I'liarma- 
cojiieia, but the gonuuu' oil is now jiractically 
unobtamal'^e. It consists diudly of d-jiinene 
and contains only a small [iroportion id estors. 
(HI ofiAfy^ !^ jH'Ctinuta (U.C.) \A. Alba (Mill.)], 
is a fragrant oil distilled principally in {Switzer¬ 
land. Jt contains limonene as well as pineno 
and. a sesquiterpene. The oil from the cones 
of the same species, kHown as teniplin oil, is 
inubh lighter in density and has a higher optical 
rotation. It condsts principally of limonene. 

rNE-NEKUl.K t)jl.s. ' i. 


( I JJisillilllg ; 

Kolatiou ** Ksters j between 

I ! 156^/165° 

-(iMo-ir I 5-1 p.c. I 0-12 p.c. 

to-45° I 30-46 p'.c. i 6-10 p.c. 

+ S'to + r i 3-11 p.c. : 40-66 p.c. 

—20“ to—60° I 6-12 p.c. I 0-10 p.c. 

—60“ to—76° ! 0-6 p.c. j 6-10 p.c. 
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Pirn iar oik are by*products in the manu* 
faoture of charcoal and wood tar by the dry 
distillation of resinous wood. They have an 
empyreumatio odour and arc usually yellow or 
light brown in colour. They contain pincne, 
sylveatrene, and dipentene, together with 
deoompoaition products. The crude oil is 
purified by distillation with milk of lime. 
Pine-tar oil has a ap.gr. of 0'8()5-0'890, and an 
optical rotation of -4-18® to -4-22®. About 25 
p.c. distils below 155®. 

* Rose oil {Olio of roses, Attar of ro<‘<es) is 
obtained by liistilling the fn^ah fluwcis of Itosa 
(^tmisce}ia (Mill.) {N.O. Hosaccee), which ia cuKi- 
vatod principally in Bulgaria and on the slopes 
of the Balkans, and also in France and Oerinany. 
It is largely produced by the Bulgarian peasants 
in primitive stills. It is a light ynlow lU'.slightly 
greenish oil forming a crystallmo mass below 
18®; Sli.gi*. 0’851-0‘8h2 at lotation 

—2® to --4®; refractive index at 25®, 1'45H- 
]‘4()5; total alcohols calculated as gcAniol 
55-75 p.c.; iii.p. after soliiiilication 18^-22®. 
The o(li)roij.s portion is soluble in 70 p c. 
alcohol, but the stcaroplcne. is practically j 
insoluble an<l can be soparated by liltiatmu froiua 
.the alcoholic solution. The odorous iiortion i 
consists chietly ol gcraiiiol and eitronellol | 
(30 to 40 p.c.). Traces of phenyl ethyl alcohol, 
iicrol and farnesol are also jiresent. The 
odourlosB stcaroptcnc exists to the extent of 
10-10 p.c., and consists of Iwo hydioirarboiis 
melting at 22® and 40'^ reapectively, the mixtmi^ j 
melting at about 34®. Otto of roses w'as formerly i 
much adulterated, and is oven now to some i 

o. xtent with geraniol and eitronellol and oils [ 
containing these bodies (Perfumery and t]ssentia) j 
Oil Record, 1910, 188 and 217). 

Rosemary oil is distilled from the leaves of j 
Rosniarims officinults (Linn.) {N.O, Lahtaicc). ' 
Indjgcnoua to the jy^editcrranean countries, 
])rmoipally France, Spam, and Italy. The leaves ! 
are collected after the flow'ering period and aie ' 
ilried for a few days in the siii before distilling. I 
'Hic oil IS producer) in limited quantity in (Ircat 
Britain, this variety commanfling a veiy liigli 
price. It lias sp-gr. 0*805-4)'920; rotation 
-j-d'' to -4-15® (sometimes Ifovo-rotatory); total 
alcohols calculated as borncol 10-18 p.i»; 
caters calculated as bornyl acetate 2-0 p.c. ; 
soluble in 10 vols. of 80 p o. alcohol. Contltins 
pinene, eampheue, cmeolia camph<#, horneol, 
and bornyl acetate. 

Rosewood oil (oil of Bois de Jtosc,malc^iii ob¬ 
tained by thedistillationfrom tlic woou of jAraria 
guianensis (Aublot) [? Ocotra caudata (Moz.)] 
{N.O. Laitracem), collected in French Guiangi A 
similar oil is obtained Irftm the wood of Proliam 
altissitnum (March.), known as nois de J^se 
femclU {see Perfumery and EssintialOil Record, 
1910,32). Rosewood oil has ap.gr. 0‘870-0’880 ; 
rotation —15® to —17° j soluble in^ vols. of 70 i 

p. o. alcohol. Contains linalool, geri>iuol, ter- 
pineol, nerol, and traces of metljyl lioptenone. 

Linaloe oil {Ligmloe gil) ia an oil of similar 
composition obtained from the wood of Bursera 
Delpechiam (Poiss.), ©. Alohcylon (Engl.), and 
other species. It it principally distilled in 
Mexico: sp.gr. 0*876-0-896; rotrftion —5° to 
—12® (sometimes dextro-rotatory); soluble in 
3 vols. of 70 p.c. alcohol. Contains linalool, 
withgoranioVrf-terpineol, and methyl hepte^one. 
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Rue oil is distilled from the herb RiUa 
graveolcns (Linn.) [N.i^ HutaceeE), which is 
indigenous to Europe, (^her species are also 
cultivated in Algeria, Huta {bracteom) chalepensia 
(Linn.l and li. /noJifana (Mill.). It has sp-R» 
0‘830-V’845; rototion -f0° to -l-2*30®; m.p. 
-1-9° to -fl0°; soluble in 3 yols. of 70 p.o. 
alcohol. Consists jirincipally of methylponyl 
ketone, witA some mcthylhcptylketonc. Traces 
of methyl anthranilate give the ffuoreseent 
appearance to the oil. Algerian oil from lio- 
bracleosa consists ])rincipnlly of mothylheptyl- 
ketone and does nci solidity. 

Sage oil is distilled from the fresh leaves 

‘Salvia o^iciwdis tLiim.) {N.O. Labiata'). 
indigenous tf> the Northern MediteiTanean 
counirios: sji.gr. 0’9i0-0'939; rotation -flO® 
to 4-25''; soluble in 3 vols. of 80 p.c. alcohol, 
'riic Spanish oil lias.a laveiider-like odour and 
contains linalool probably dwivcd from admix¬ 
ture with lavender pianis. Orl of ‘clary sage,’ 
Balri'i ■•>( laird, is enqiloycdiu perfumery, but the 
.supply IS limited. • 

Sandal-wood oil is distilled from the wood of 
Baiilalum alhunt. (Linn.) {N.O. SatUalaeece). 
Indigenous i«» the mountains of India and 
eiiltivatcd under (Tovernment control: sp.gr. 
0‘973~0'!l85; rotation -13' to —21®; to^^ 
santalol IHMM) p.c.; soluble in 0 vols. of lO 
}).(;. alcohol at 20®. ('ontains santalol, a mixture 
of two sosciuiterpenc akuUols {'j 5 ll 2 ., 0 , santalal 
(an aldehyde), saiiialene, ami santene. 

HV.s/ Indian fnindaUirood oil, derived from 
Aiiu/ns bfikamijrra (Linn.), is lighter in density 
(O'yoO-O'Oti?), and lias a rotation of 4-24® to 
4-29 ". It dillers in composition from the Fust 
Indian oil. 

West Australian fSandal-w’ood oil, derived 
from Bu^anm iipiralus, R. Br. has a density of 
0 955-0'y(>5, rotatioii - 5® to d-5°, and contains 
G5-75 p.c. of ti^al alcohols calculated as santalo#. 
By Iractionation, an oil appioaclnng the British 
Pharmacopeia characters for saiidaJ-wood oil 
lias been jirodiiced, but its composition is 
nut id^ticai wnth that of the JOost ludian 
oil, uaiFits medicinal properties have not been 
satisfactorily e.Htalilishet!. 

Sassafras oil is disyJlcd from the root of 
tSnssafras ojji/tiiulc (Nees.) {Laums Sassafras 
' (Nccs )) {N.<). Lauriicc(F), a native of North 
America, Canada, tlie United States, and 
Mi^ico. The best yield of oil is obtained from, 
the root bark; sji.gr. 1’005-1‘095; rotation 
-1-1® to*4-4®; soluble in 3 vols. of*90 ji.e. 
“alcohol. Contains safrol (80-90 p.e.), pinene, 
phellandrene, camphor, eugenoV and cadinene. 
Salfole can be separated by fractional distilla¬ 
tion and cooling, but commercial sj^frole is 
usually obtaincfl from camphor oil. 

Savin oil is distilled from tlie fresh leaves and 
tw'igs of Junt firms Sabina {him\.){N.O.Co%ifer(e). 
Distilled ill Great•Bi-itain and Germany : sp.gr. 
0'910-0‘03O ; rotation 4-40® to. H 08® ; esters 
calculated as sabuiyl ticetate 30-47 p.c.; total 
febinol 45-55 ji.e. ('outains sabinol, and 
saWnyl acetate, pinene, sabinene, furfural, decyl 
aldehyde, dihydro-cuminol, cacliuene. French 
savyi oil is derived from J. phaenicea (Linn.) 
and contains a large percentage of pinene. It is 
lighter in density (about^i*890), has a much lower 
rotation (-4-4° to 4-5°) and contains only about 
10 p.t. of esters and 17 p.c. of total sabinol. 
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Spearmint oil is diaUiled from the fresh herb 
McniJia viridin (Linn. American) and Menihu 
crUpa (Linn.) (German), and probably other 
speeios of Mcnlfui (iV.0. Lahialx) : sp.gr. t)*920- 
; rotation —35° to —48°; soluble in an 
equal volume of 90 p.c. alcohol, but be/oming 
opalescent on dilution. Contains carvonc, phel- 
landrpne, limonene, pinene, and traces of valeri¬ 
anic esters. The body having the clf,iracteristie 
odour, according to Elze, is the acetic ester of 
dihydrocuminol. 

Star anise oil v. Ani‘<ii oil. 

Tarragon oil or Estragoiv oil is distilled from 
the flowering herb Artemisia Jhncvnc'ulu'i (Linn.) 
{N.O. Compo-iitce). Indfgenous to Sibeiia apc!{ 
oultivittod itf Euroiie, used in tlie niauufacliirc 
ot sauces: sp.gr. 0’890-0'900 ; rotationto 
-f9°; soluble in 10 vols. of 80 p.c. alcohol. 
Contains estragol (methyl chavieul), 
drenc, p-methoxyeinnamie aldehyde, and an 
olelinic ter^icne. 

Terebene v. Tvrpmes. 

Thyme oil, died Thyme <h 1 is distilled from 
the fresh flowering herb Thymus imlyarh'^ (Linn.) 
{N.O. Lainatcb). Jt is principally grown in the 
mountainous ]>art 8 of .Southern franco. Sjianish . 
thyme oiMs probably derived from a .syieeies of 
Orujanumy as it contains eaivaerol hut little 
liiyniol. Oil of wild tlijone from Thymus 
serpyllum contains but a small propoiijon of 
phenols. Ercneh oil' has si>.gr. 0'905-0'950; 
rotation (after redistillation) 0 ° to — 2 ° ; jibenols 
absorbed by 5 p.c. solution of xiolash 20-46 ji.e.; 
Spanish oil has sji.gr. 0’930'0-050; phenols 
absorbed by 5 p.c. solution of potash 40-70 ^i.e. 
Thyme oil is soluble in 2 vuls. of SO ]».c. alcohol, 
and contains thymol and carvaerol, eymeue, 
jiincne, borneoI,and liiialool. 

Origanum oil i-s distilled frimi i anous species 
of origanum, the oil imi«trted fjom IVieste being 
ohiefly derived from Orujavum, Jiirlvm (Linh.), 
that from Asia Minorfroin (). (smy/joeam) Omtrs 
(Tnnn.), and Cyprus oil from Orujanutn Majoran- 
oid(s (Linn.) (N.O. Lahuitd'). 
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All are soluble in 3 vols. 70 ji.c. alcohol and 
contain carvac'iol and cymene; Smyrna oil 
contains linulool; Cyprus oil contains origanene 
and tracAs of hydroxymethoxycymene. Oils of 
good quality contain over 66 p.c. of jihcnols. 

Verbena oil. True vervain oil is distilled 
from t^ie leaves of Verbena tpphylla (L’Hent.) 
(Lippia Citriodora (H. L. &*K.)), which is culti¬ 
vated for decoration purposes in 8 pain and the | 
South of Erance, the oil being distilled only n* 
small quantities: sp.gr. 0'894-0*yi8; rotation 
— 12 ° to —16°; contains 21-28 p.c. of citral. 

* Indian verbena oil or lemongrass oil has 
largely replaced the true verbena oil, at it 
contains a higher percentage of citral. Jt 
is distilled from the grasses Cymhopoyon mitralas \ 
(Stapl) and C. fiexuosua (Stapf). The farmer ; 


is the source of the (Jeylon and Htraits Settle¬ 
ments oil, the latter of the Malabar and 
Cochin. (J. ciiroius is also cultivated in the 
West Indies, but the West Indian oil is lighter 
in density and less soluble than the East 
Indian variety. 

-I East Indian i West Indian 

Sp.sr. . j 0-8!)5-0-0()!) ; O-877-rO 887 

Rotation .| -1-3° to—3° i +2° to—2° 

Solubility . • I in 3 volumes of . Not solub^ in c 
j 70 p.c. alcohol j 90 p.c. alcohol 

The chief constituent is citral, of which good 
Oils contain 76-85 p.c. Other constituents arc 
methyl heptenone, limonene, and dipenteno. 
An oil ot simiFar constitution, and containing a 
still higher )>crceiitagc of citral, is derived from 
the leaves of Backhou/^ui citriodora (F. Muell.) 
{N.O. MyrUiCice), a small tree indigenous to 
(^ucfnaland. It lias a sj^gr. of 0‘896-0'9()0, is 
optically inactive, and contains about 96 p.c. of 
citral. 

Wintergreen oil is distilled from the leaves of 
fiaulihena proiumhens (Linn.) (N.O. EneaciOi). 
Indigenous to tlie United States. The oil is j>ro- 
duced by a kind of fermentation from a glucosido 
yanlfhrnu by the action of an enzyme. Jt has 
sji.gr. 1‘J80-1'187; rotation —0°26' to —1°. 
Consists almost entirely of methyl salicylate 
(over 99 p.e.) witli tiat-f's of an alcohol, ester, 
ketone, or aldehyde, and a iiarafliii hydro¬ 
carbon molting at 65°. An oil almost identical 
with the foregoing is obtained liom the bark of 
iiciula Icnta (Linii.), Uuj swr<-t birch (N.O. 
Bclulac(te). This is now mainly sold as wintcr- 
grocn oil. It difl'ers from true wintergreen oil in 
hoing o]>ticaliy inactive. Methyl salicylate is 
jiroduced Hynthetieally on a large scale, and its 
ileteotion m oil of wintergreen is very difficult 
(see Perfumery and Esadhtial Oil Record, 1915, 
pp. 105, 125). 

IVormseed oil. qThe European oil is distilled 
from the expanded flower buds of Artemisia 
marUima (Linn.) (N.O. Vompositce) and other 
HpecicH. Indigenous to iSouthern Russia and the 
Levant. Owing to the high price of raw material 
it IS very scarce and has been almost entirely 
, silperseded by the American oil. Levant 
I wonnseed oil has a sji-gr. of 0*915-0'940, and is 
! laivo-rotat^'iy from -1° to —5°. Contains 
j eineole, dijientenc, t 8 r 2 >incne, 1 -crpineol, and a 
I sesquiterpene. 

AifieriCan wormseed oil is derived from the 
seeds of Chenopodium ainhrosioides, var. anikel- 
iMutu-iim. Jt has sp.gr. O*960-0'990rotation 
—J’ to — 10 °; eaiiomt’cation about 8*6 (after 
acqtylation 'about 280). Contains cymene, 
terpineiie, and asearidolc (60-66 p.c.), a body 
closely allied to Vineole, docompoaing violently 
on boating tto about ^50°. Ascaridolo has a 
density of 1 ’008. < 

Ylang Ylang oil is distilled from the flowers of 
(•'ananya odoraid (Htok.) [N.O. Anonacecs). In¬ 
digenous to the Malay afrchipelago and cultivated 
in the Philippine Islands^ 

Cananga oil consists i^sually of the higher 
fractions and contains a greater proportion of 
Kcgquiterpenes, but in some distriots the entire 
oil is sold aa cananga oil. The majority of 
Bam^des fall within the following li|jiuts— 


OII^^ ESSENTUL. 




OILS (FIXED) AND PATS MS 


- 

Ylang Ylang; Oananga 

Manila oil 

8p.gr. . 

0 (i:)0-0-!)00! 0 »10 O'940 

0 900-0 945 

Aotadon 

-38'’to-4.^)‘’ -17*to-.55° 

-22° to -59* 

Sapon. No. . 

m-m 45-100 

71-154 


Ylang Ylang <»j1 fferms a cltuif solution with 
1-1^ vols. of 90 p.c. alcohol, becoming turbid 
^on further addition of alcohol. Contains methyl 
and* benzyl acetates and benzoates, linalool, 
geraniol. eugenol, wocugonol, methyl ether of 
p-cresol, methyl salicylat-e, methyl anthranilate, 
and an odourless sesquiterpene alcohol melting 
at 138°. Cadineno is also present. For other 
commercial varieties the f(>llo\^ng eliaracters 
have been recorded :— 

— lleiiiiiOTi oil: M:Ml:t«ascaP! Seychelles 

_— ... 

Spgr. . . i)y3i»-oim7!o9C>i-n')8i'o!)2i o or.s 

notation . -:}()'’lo 04° I 

Sapon. No. . iXi y8 | 11 u — 

T. H. ' 

OILS (FIXED) and FATS. Oils and fats 
arc distributed throughout the vegetable and 
animal kingdoms from the lowest organisms uj) 
to the most highly organased lorms of vegetable 
and animal life, and are found in almost all 
tissues and organs. The vegi'table oils and fats 
are deposited in considerable quantities in the 
seeds, and are associated there with siareh, 
nitrogenous substances, &e., to serve a.s nourish¬ 
ment to the embryo. Exceptionally, oil has 
been found in considerable quantities in the 
rhizomes of Cijj)erus e/iculeyitus (Linn.). In the 
animal organi.sm, oils and fats are mainly 
enclosed m the cellulai* tissues of the inte.stines 
and in the tissues nearest the outer skin. 

The fatty {fixed) oils and fats form a well- 
defined and homogeneous gump of substances, 

f iassing through all gradations of consistency, 
rom oils which are fluid even below the freezing- 
point of water, up to the hardest fats which j 
melt at about 60°. Therefore no sharp dis-1 
tinction can be made between fatty oils and fate. 
Nevertheless, it is convenient to apply the term 
‘ oil * to those glycerides which are nuid below 
about 20°, and the term Mat ’ to tnose which 
are solid above this temperature. 

The natural oils and fats may, f^^ pmctical 
purposes, be looked upon as consisting in the 
main of mixtures, in varying proportions, of the 
triglycerides described imdcr Glycerin. • j 
No natural oil or fat consists «)f one simnle 
triglyceride, although some of the vegetable 
fate derived from the Myristic^^ecs contain very j 
small quantities only of fatty acid| other than I 
myristic. The natiyal oils anc^ats must rather! 
be looked upon as mixtures or compounds of at 
least two or three triglycejidei, the most im^ 
portant of which would*be represented by tri- 
laurin, trimyristin, tijpalraitin, tristearin, trio¬ 
lein, trilinolin, trilinol^in, trielupanodonin, and 
triricinolein. The ^veeridea of hydnocarpic 
and chaulmoocric acias are characteristic of the 
fats of the chaulmoogra group [q.v.). Other 
glycerides occurring in much smaller quantities 
are glyoeridts containing butyric aci<> (in 
butter fat), caproic, caprylie, cajiric acids (in 


butter fat, coconut^ oitf palm-nut oil), iaurio 
acid (in coconut oil, pali*-nut oil, dilca fat), 
and a^achidic acid (in arachis oil). 

A ijystematic survey of the most important 
fatty acids ocourri|>g in oils aryl fats as glycerides 
is given in the table on p. 647. • 

In conf^^quonco of the discovery of mixod 
glycerides, *tho question whether m^ed gly¬ 
cerides occur in the natural fats far more 
frequently than has been assumed hitherto has 
become a very important one. A good deal of 
evidence goes to Show that the amount of 
simple triglycerides m ^ch common fats as, c.g., 
fallow and lard A very small indeed, aq^l that 
the bulk of the triglycerides consists of mixed 
glyeeride.s. At present, however, our knowledge 
is'still too limited to ju.stify any definite expres¬ 
sion of o]nnion si.s to l4ie I'xact composition of the 
glycerides in the natural oiljf and fats (c/. also 
(jIlyckrin). • 

To sum up, oils ami fats must not bo looked 
upf)u as chemical individuals,%ut rather as 
j r(‘pre.sentatives of natural species wliich vary, 

’ although within certain narrow limits, according 
^ to the climate and soil in which the plants 
producing them are grown; or, in tBc case of 
animal fats, according to the climate, the rafifc 
the age of the animal, and especially the food, 
and also to some cxi<mt the idiosyncrasy of the 
indiviilual. * 

Freshly-prepared fats apparently contain 
only triglycerides, and under normal conditions, 
monoglyecridcs and diglycendes do not appear 
to bo present. The occurrence of the diglyceride 
of eriicic acid in a specimen of crude rape oil is 
duo to tlie fact that that specimen had become 
rancid, with the formation of low’cr glycerides 
than a triglyceride. 

Monoglycerides and diglyceridcs {see also 
Gi.ycertn) hait^o hitherto been obtained only 
synthetically. As they have not acquired any 
practical importance, the reader is referred to 
I the list of monoglycerides and diglycendes 
collatet^n Lcwkowitsch’s Ohem. Technology. 

From the table given on p. 646, it will be 
gathered that, for practical purposes, a classifica¬ 
tion of oils and fats can* be based on the nature 
the fatty acids as measured by their degree of 
unsaturation, 'rids is best ascertained by deter¬ 
mining the magnitude of the iodine absorption 
of the natural oils and fats, whereby a nu)st» 
important measure of the amount of unsaturated 
glycerides contained in a given oil or fat, is 
found. In a classification based on the iodine 
value the old grouping of oils, otl*er than marine 
animal oils, into drying oiU, semi-drying oils, and 
non-drying oils is implicitly contained. * 

The apparently antiquated subdivision into 
vegetable and amiual oils and fats did not rest 
on a scientific basis, until it had been* found 
possible to differentiate chemically between 
j cholesterol and phytosterol (g'.v.). All evidence 
I goes to show that cholesterol occurs only in 
' oils and fats of animal origin and is cha¬ 
racteristic thereof, whereas phytnsterol (sito¬ 
sterol and its congeners) has been found hitherte 
only in vegetable oils and fats. Based on 
these two principles, the author put forwawi a 
scheme of classificationtfif the natural oils and 
fats (donfdrence, Bull. 8oc. chim. 1909) which 
is arranged in a synoptic table on p. 646. 

The tables,^p. 648-650, furnish a list of the 
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OILS (FIXED) AND FATS, 


most important oils ant'fats, arranged according 
to the classification^ set out in th^^ foregoing 
table. There are added Iho botanical and 
zoological sources, the proportions of oil# or fat 
contained in the seeds or frtits of the plants, 
the iodine values of the oils and fats, and their 
principal uses. 

f 

I. Veoetablk Oils 
AND Fa'ps. 

A. Vegcfnble Oils. 

1. Drying oils. 

2. tScipi-drying oils— 

{(i) (^ottortsoed oil 

group. 

• (?>) Kap(‘oil group. 

3. -Non-drying oils— 

(а) Almond oil i£,roup. 

(б) Olive oil grouj). 

(c) Castor oil group. 

B. Vegrfahle I'uls. 

1. Ohaulnioogra oil 

growp. 

2. Laurel oil grou]). 

3'. Valin oil group. 

4. Myrisl ie.i grouj). 

5. (-Jacao buUor group 
(). Coconut oil grou]>. 

7. Dikn fat group. 

The determination of oils and fats in tbe raw 

materials of the oil an<l fat Industrie's is (db'otod 
in the chemical laboratory by boating the 
finely divided substance with ether, ])etroieuiu 
other, or similar solveul-H, 'J’lie eomuiinutinn 
of hard oil seeds may be elTccled in a jioreoliiin 
^ortar, which is finally washed out witli the 
solvent so as not to lose any faii;>' matter which 
has exuded. It is alsr) feasible to np])!y an 
ordinary colTce-grindcr, l)ut in this ease it js 
more diflleuit to avoid lo.ss of fal. In labora¬ 
tories wliere such determinations aroc earned 
out frequently, special grinding machines are 
used and loss is obviated by squeezing a large 
quantity of seeds ihrbugh tlie nuiehine. In 
case the substaneea contain u considerable 
amount of moisture, it is best to dry them 
previously, provided the oil or fat does not 
' 'suffer an injurious change thereby. Tf oxidation 
of the eil or loss of volatile subsfanj'es is to 
be expected, the oil or fat may be extracted 
from the moist substances by means of petro¬ 
leum spirit boTling below 80"'. Ether is most 
satisfactory for general use, but with this solvent 
the Bubfttanco must bo dried first. Carlion 
disulphide and chloroform may also be usi-d, 
but in this case also it is necessary to dry the 
suhstafi.ee previous to oxtra<ilioii. The choice 
of the solvent is by no ^neau8 immaterial; 
thus carbon disulphide (which is largely used in 
Franco) extracts a larger amount of substanceg 
than do ether or petroleum (c/. Lewkewits^jh, 
(Jhera. Technology). 

The most convenient apparatus for the 
extraction of fat is the one devised by SoAlet 
(Szombathy) (see Fig. 1). 10-15 grams of the 
comminuted substance^are introduced into a 
cartridge of filter-paper, easily prepare^j by 
rolling filter-paper round a cylindrical piece of 
wood of suitable size, and Riding it u^ at one 


i II. Animal ffiLS 
i AND Fats. 

I 

j A. 

|j I. Marine animal oils— 

! (r/f Fish oils. t * 

j (h) Livei oils. 

! (c) Blubber oils, 

j 2. Terrestrial animal 
' oils— 

I (<i) Senu-drying oils. 
•{b) Non-drying oils. 

B. Avimnl Fats. 

1. Drying fats. 

2. »S(“iiii-dfying fats. 

2. Non-di ying fats— 

(I'f) Body fats. 

{!>) Milk fats 


I end. The cartridge is filled with the substance 
and transferred to the extractor e. Care must 
be taken that the siphon tube be not stopped up 
by the paper case; nor should the cartridge bo 
filled to the top, lost some particles of the sub¬ 
stance be washed over by the solvent and carried 
away. To bo quite safe, it will be found advis¬ 
able io place a plug of (exfracted) cotton-wool 
on the top of the substance, or to close the top by 
foUling the paper over it. The tube n is ^hen« 
fitted by means of a cork to a flask charged with 
about 50 c.c. of tho solvent (petroleum, ethqf, 
chloroform, A’C.). Anotlier portion of the 
solvent’ is carefully poured on to the substance 
in E. imtilit oommenccs to run off through the 
siplion s. Filially, an inverted condenser is 
fitted to y.. and the whole a])paratU8 is placed 
on a water-bath. !n using this form of Soxhlel’s 
extractor flmre ih alA^ays some doubt us to 
the «?xaet time when the extraction is com- 
])h'te, and, as a rule, the ojieraiion lasts much 
ionger Ilian nocc.s.sary, involving both loss of 
time and solvent. To avoid this, Lcwkowitseh 
has a ta]) tilted on to the sijihon lube, so 
tliat some of the solvent can be withdrawn 
at any time to 

ascertain the jiro- _ 

gross of extraction K*" i 

(sre Fig. 2). Tf the ^ 
snbstiinec to be ex- 
iracteil has been ^ 

collected on a filler, [j 

the simplest ]ilan is ^ } 1 S 

to told the filter and ; 

place it at once in U 

the extractor. I A 

M'lum the ex- 
traction is complete, 
the flask containing ^ 

the solution is d*'- * n 

tached from the ex¬ 
tractor, the solvent L 

i.s ^llstllted off on the ^ 

water-bath, and the 
fat dried in an air- Fig. 1. 

bath at a tempo - 
rature not exceeding 100"-110°, until the weight 
remains fairly constant. 

Jn case the substance has not been dried 
comidetel% and other has been used, it is 
advisablc To extradi/ the residue once more 
with jH'troleum Rjiiril. The drying of the 
residifi’ il^«*fFected by placing the flask in a 
drying oven, healing to 100^-105®, and turning 
fho contents round the walls of th^ flask at 
frequent intervals. I^ the minute drops of 
wq^r which ♦collect at ihe bottom of the oily 
layer have disanpeared, the drying may be 
considered to 1^^ completed. This must be 
confirmed 1^ re-weighing after further drying 
for half an hour. In Ihc rase of drying oils, 
it is best to heat the flask in an oil-bath at the 
4eiiij)eraturo of 00^-105°, while a slow cutrent 
of carbon dioxide or hydrogen is allowed to 
pass over the surface of tlje oil. 

Technical 'Preparation of Oils and Fats. 

Rendering. —Since oils and fats have served 
the human race as one of the most important 
articles of food, the methods of preparing oils 
and fq^ts ma;^ be considoeed to date back as 
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I Acids of the Acetic 
series, (JnHonOj,— 
•Acetic acid 

Butyric acid 
u'oValoric acid (?) 
Caproic acid 
(jajirylic acid 
(lapnc acid 
Laurie acid 
Myrifltic acul 

Palmitic acid 


Stearic acid 
Aracliidic acid . 
lielienic acid 
Lignoccrie acid . 

II. Acids of tlie Acrylic 
or Oleic series, 

0„l£,n-A),— 

Tighc acid. 

Jlypoga^vic acid . 

Oleic acid . 
liapic acid 
Lrucic acid 

IJ r. Acids of the Linolic 
scries, (/„H 2 i(- 40 „— 
Linolic acid 

Telfairic acid 
Elceomargarie acid 
IV. Acids of the (’vein 
(Chan Imoogric) 
series, 

Hydnocar]uc acid 
Chaulmoogric acid 

V^. Acids of the Linolenie 
' series, CnHoti-n^L— 
Linolenie acid . 
woLinolenie acid * . 

VI. Acids of the Clu- 

panodonio series, 
i»„U,n-s0.r 
Clujianodouic acid 
• 

VII. Acids of the Itici- 
nolcic series (hy- 
droxylatcd aoiits, 

Ricinoleic acra . 

VIXI. Lihydroiylate^ 
acids of the series 

C„H2,.04— 

Lihydroxysteanc acid 
IX. Acids of the scries 
C;H 2„-204 (dibasic 
acids)— 

Japanjc acid 



Jioilliig-ponit. 

Chemical ' 

Under 

• 

composition 

in in. 

“0. • 


press- 



UT« 


CAI,0, 

7(i(i 

no 

c.ir.o, i 

7(»U 



700 

. U'*'’ 


770 

2(T2^20:i 

C 

071 

2;!(i-2:i7 

7d0 

20S-270 


JOO 

225 


100 

250-5 


1(1(1 

271 ,7 


100 

201 


— 

• 


(iO 

ooti 





7(.(I 

JliS-,7 

^ Ifll^ 

ir> 

2;{r) 


100 

2S5-5-2S(; 


— 

— 


; ;io 

281 . 


u 

22H 






• 

Cx.IK.f). 

— 

_ 

''i.lla:'*. 

20 

247-248 


• 

• 


— 

•— 


— 

— 

.• • 


• 

Ci.lF.O, 


_ 

• 

• 


• 




15 

1 250 

• 

4 

1, • 

» 

• 


» 


— 

r 


MeUiiiR* 
point *C. 

Cliaracterlstlc of • 

• 

• 


• , 


• 

17 

iSpmdlo^rec oil, Macas¬ 


sar oil. 

~()-5 

Butter fat, Macassar oil. 

-514 

► Porpoise and d olphin oils. 

— 8 

[Butter fat,•coconut oil, 

1(>'5 

1 'll 

j palm nut oil. 

4;m> . 

Laurel oil, coco-nut oil. 

5;p8 

Maco, butter, nutmeg 


butter. 

{i2-(i]' 

Palm oil, Japan wax, 


inyrtl* wax, lard, tal¬ 
low, etc. 

()n-32 

Tallow, cacao butter,etc. 

77 

Arachis oil. 

88-84 

Ben oil. • 

80-5 

Arachia oil. 

()4-5 

• 

(■lolon oil. 

88-84 1 

Arachjs oil. 

O-f) 

Most oils ami fats, 

_ 

Rape oils. j 

88-84 

Rape oils, fish uihs. j 

1 

- 

I 

Soya hean oil, J 

M aizc oil, cotton-seed ^1. 

• 

Ivdeinc oil. 

4S 

Tung oil. 

50-00 

illydnocarpiis, luk*-bo. 

liH 

J and chaulmoogra oils. 

“ 

jLinsee^ oil. 

liquid 

Fish, liver, and blubber 

oils. 

« 

4-5* 

Castor oil. 

141-148 

Castor oil • 

117’7-U7*t 

) Japan wax. 
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OILS (FfJ&D) AND FATS. 

I. VEGETABLF, OM AND FATS.' 

A. Visoiitabi-t: 


S 

2 ° / 


'Cherry kernel 

Aprioot k^'iicl 
Plum kernel 


Peach kernel 
Alraond . 
Ara(Aii8(groundt 
Hazel nut . 

Olive . 

Olivo kernel 

Ben . 


5 p-[Grape seed 
121 C.^8tor 


on 

Source ' 

«> 

i'roportion, j 

of oil in 1 Iodine value ] 
seed or fniit' | 

Used in the production of 


• 1. Drying OiU.' 


< 

I'oi-illa' 

Perilla ocvmoides 

35-S j 

200 * 1 

Varnishes. 

Linseed . 

Jjiniim iisitntjssiinmn 

38-10 . 

175-205 

I'aints, varnishes, lino- 

Tung (a) ('iiinese . i 


53 

150-103 

leum, soft soap. 

Paint and varnish. 

(/>) jA)ianesc* i 
(^an^le niit . 

A*leiiritfs moliu-caiia « 

-lU 

103 

Burning oil,soap,paint. 

Hemp sce^'l . 

(’aniuilus sativa 

30-35 

I4H 

Paints and varnishes. 

Walnut; nut 

Juglans resria 

<53 -05 

* 

145 

soft soap. 

Paints. 

8 afflower 

(.larihamus lincf lu iu.s 

30-32 : 

130-147 

Burning oil, varnish 

Po])py seed . 

PajViiver somniferum 

41-fO : 

< 

123-143 

(‘ roghan ’). 

Salad oil, paints, soft 

Sunflower .* 

Heljantlius annuus 

21-23 ' 

Hi)-135 

soap. 

Pldible oil, soap. 

Soyabean . . Soja hispida 

18 : 

137-141 

Edible oil, burning oil, 

Camehne 
(Gcr. Sesame) 

(-iimeliria sativa 

9 

31-34 

135 

soap. 

Burning oil, soap. 

Madia 

Madia saliva 


118-5 

Soap, burning oil. 

('Pumpkin seed 

(Iiieurbila ])e|)o 

ging Oils. 
47-18 

123-130 

Edible oil, burning oil. 

Maize: eiu-n 

Zea man 

0-10 

113-125 

Edible oil, soap. 

Beech nut . 

I’^igus sylvatica 

43-45 

lJI-120 

Eiliblc oil, burning oil. 

I^apok 

Bombax |)<‘iitanduim 

:!0 .'>2 

110 

Edible oil, soap. 

Cotton seed 

(KnodiMulron anfrac- 
tuosuin) 

(lossv)mim hetbaiaaiiri 

21 20 

108-110 

Edible oil, soap. 

Sesame 

Ses.imum orieiitale, S. 

.50 57 

103-108 

lidible oil, soap. 

,Curoas, jiurging nut 
/Brazil nut . 

indicutu 

•Intiopba (Oircas 

r,r>-m 

08-110 

Medicine, soap. 

Bertiiollcffiu exoelsa 

7;t 

00-100 

Ethble oil, soap. 

(’roton 

(’roton tiglium 

53-50 

102-104 

Medieine. 

Jlavtson 

WildBrassica eamjiestiis 

33- 40 

105-117 

Lubricants,burning oil. 

Hedge Mustard . 

Ilapliaiius raphaiiist ruin 

:ir,- 40 

105 ' 

Rape (colza) 

Brassica camjiesVis 

33-43 

<14-102 

Lu bricani, burning oil. 

Black Mustard 

Brassiea nigra (Sinapis 

31-33 , 

1161 

Soap. 

White Mustard . 

mgra) 

Rrassiea alba (Sinapis 

85-80 ■ 

02-103 

Soai). 

Radish seed 

alba) 

Haphanus aativus 

ir>~m 

02 112 

* 

\Tamba . «, 

Brassiea oainjiestris vijf. 

24 [ 

05 

1 

Burning oil, lubricant. 


3. l^ov-Drying Oilii. 


i Prunus ccrasus ' 

35-3«' 

*610-114 

1 Prunus arineniaca 

40-45 

90-108 

, Primus donicstica 

2 i’ 


1 Primus damasciena 

• r 

t 

!Prunus porsjca 

32-35 

!)3-108 

Primus amygdalus 

45-55 

93-ftO 

Arachig hvpogaia 

43-45 

413-100 

Corylus avcilaiia 

50-4)0 

83-90* 

Olca curopasa , 

,4()-6() 

79-5.8 . 

Olca cufopjea 

12-16 

87 

Moringa oloifera *■ 

35-36 

.82 

Viiis vinifora .. 

10-20 

90 

liicinus communis , 

t 

40-53 

e 

83-80 

1 


Kdible oil, burning oil, 
8 uap. , 

Perfumery, medicine. 


Perfumery, mcdicino. 

Perfumery, medicine. 

Edible oil, soap. 

EdiWe oil, perfumery, 
lubricant. 

Edible oil, lubricant, 

* burning oil, soap. 

Edible oil, lubricant, 
burning oil, soap. 

EdiUe oil, perfumery, 
lubricant. 

Edible oil, burning oil. 

Medicine, soap, Turkey 
fed oil,' luliricant. 
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B. Veoetable Fats. 



Put 

1 Source 

i Proportion 

1 of oil In 
seed or iruit 

1 Iodine value 

• 

Used In the production of ^ 

Laurel oil group— 

1 


1 

■ ♦ ■ 


Laurel oil * . 

i Lauras nobilia 

24-20 

• 08-80 


a 

' Mowrah seed oil 


60-55 

03 


o 

Mabua butter . 

Illipe latifolia ) 

Edi bio fat, soap, candles. 

5 

■s 

Mowrah butter . 
Illipe butter 

Bassia longifolia 

60-55 

58-03 

Edible fat, soap, candles. 

• fl 


Sehleiebera trijuga 


* 



Kusum oil ./ 

70-5 

48-09 

ifModiciiie. 


Palm oil . 

Ela>is guinoensis, E. 

* lli-44 

53* 

Candies, so§p. * 



raclanococca 





• • 





Nutmeg butter . ^ 

Myristioa ofiieinahs 


40-52 

Medicine, perfumery. 

a 

Phulwara butter 

Basaia butyaeea 

50 52 

12 



Shea butter {(Ja- 
1am butter) 

Bassia ParKii 

* 

40-52 

50 

Cdi ble fat, soap, candles.; 


'Mkanyi fat 

Stcarodendron Stuhl- 

07 

41-9 

Soap, candles. 

O. 


manmi 



o 

Malabar tallow. 

Vateria indiea 


:i7-40 


& 

Cacao butter 

Theobroma cacao , 

t 44-50 

32-41 

(’hocolate. 


Chinese vegetable 

iStillingia sebifera 
(Croton seb.) 

Garciiiia indica 

22 

28-32 

Soap, candles,- 

s 

x> 

tallow 

Kokum butter 

49 

33 

Edible fat. ^ 

s 

(Goa butter) 


Q 

Borneo tallow . 

SlioH'a stenojitera, 

46 ,50 

15-31 

J^d'blo fat, candles. 


Mocaya oil 

Ilopea aspera 





Cocoa Bclerocarpa 

00-70 

24 

Edible fat, soap. 

1^0. 

Maripa fat 

Palma (?) man pa 

_ 

17 

a'ii 

Palm kernel oil . 

Elffiis guineenais i 

45-50 


5 “'l 

Palm nut oil 

E. me!anocot:ea j 

13-14 


o 

Coconut oil 

Cocos nucifera.C buty- 

20-25 

8-9 

Edible fat, soap, candles. 



racca 




Dika oil (oba oil, 

Irvingia gabonensis 

00-05 

6-2 

Edible fat. 

la' 

wild mango oil) 




a " 

Japan wax 

Rhus suocedanea, R. 

25 

Vio 

Polishes. m 



vernicifera 




Myrtle wax , 

Myrica corifera, M. ca- 

20-25 1 

2-4 

Soap, candles (?). 



roJinenaia 

i 



» 


IT. ANIMAL OILS AND FATS. 
A. Animaj, Oils. 


OU 

Sohrcft 

• • 

lo^ne value 


1. Marine Animal Oils. 

(o) Pish oils— 


•> 

Menhaden 

Alosa menhaden 

140-173 

Sardine . 

Clupea sardinus ^ 

161-193 

J apanese sardine 

•Clupanodpn mclano- 

187 


sticta ♦ 


Salmon . 

Satmo»salar 

161 

Herring . 

Clupea harengus 

124-142 

Stickleback 

•GasterostePus trachurus 

162 

Sturgeon . * . 

Acci^nsor sturio 

126-3 

Spat 

(6) Liver oils— 

Clu^ca^prattus, Cuv. ^ 

122-142 

Cod liver. 

Aadus morrhna 

> 167 

Skate liver .» 

Squatina vulgaris 

157-3 

Tunny liver » 

Thynuus vulgaris 

1,91-1 

Shark (Arctic) . 

ScymnuB borealis 

116 

Coal fish. 

Gadus morlangUB(virGns) 

161-1 

Hake liver 

Merluccius oommun. 

—? 

•» 

Ray liver. 

(vulgaris) 

Raja clavata (batis) 

1 

Ling liver 

Molva vulgaris • 

132-151 


Principal 1180 


Currying leather M^oap making. 


Currying leather. 


Medicine, currying leather. 


Currying leather. 
*» ^ *» 


• » 

»»' tt 
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11. ANIMAL OILS AND FATS-con(iW«frf. 

A. Animal Oils. 



Oil 

t 

• Bource 

Iodine value 

l^rlnclpal use 


(d) Blubber oils— 





Se»l 

Plioca vitulina 

137-147 

Burning, currying leather. 


Whale 

Balscna mysticctus 

121-13(1 

Burning, soap-making, libredress- 


* 



ing, currying leather. ^ 


Dolphin, blackfish 





llody oil . 1 

Jaw oil . ( 

Porpoise— 

Delphimis j^lobiceps 

j 

\ '.VA 

] • 


* * t • 


iLubricatingoil for delicate machi- 


J^ody oil , 1 

Jaw oil .1 

Delphinus phtictena 

IK* 

1 ricry. 

/« , i 



' 2. TcrrcMrial Animal Oils 



Non-drying oils— 
Sheep’s foot 


< 



TTvis aries 

•74 

Lubricating. 


Horses’ foot 

Kquus caballus 

74-90 


Neat’s foot 

lios taiinis 

(17-73 

Lubricating, leather. 


Kgg 

Gallus domestieus 

H8-H2 

Leather dressing. 


' 

11. Animal Fats. 


Fat 

SOIIHI' 

Iodine value 

ITinciiial use | 



1. F<iL\. 



lee bear 

UrsuN maiit tniiis 

147 

Pharmacy. 


Jtattlesnake 

(h'otaliis duiis-siis 

101) 




2. Frtni tJnptKj 



Blackcock . 

'I’l'trao- uroif;dlus 

121-1 



Harii . 

Lepus tiiiiidus 

1(12-2 



Rabbit, wilil 

Lcjuis tiiniealiis 

9!)-8 



Rabbit, tame 

bepus cunieuliis 

OT-li 



Wild diu k . 

Alias boschas 

84-(i 



Doinostic duck 

Anas bo.scbas 

68-5 



Horses’ fat 

Mqniis cab.illif 1 

75-85 

Fdible fat, soap. 


< 

J. Xon-dn/imj Fats. 



/Horse marrow tat 

Equus caballus 

‘ 77-81 

Food, soap. 


Doiuestio goose , 

Anser cinenois 


Food. 


Wild goose 

Anser fi'rus • 

!m-(i ' 



Lard 

iSus sorob'i, 

(1(1 ‘ 

Food,’soap. 


Hog, wild . 

iSua scrofa , 

76-e 

t 

Beef, marrow 

Bos taurus * 

M *e 

Pomades. 


Bone . 

Bos; Ovis 

4(i-5(i 

8 oap, caudles. 


Tallow, beef 

Bos taiirus 

38-40 

Food, soap, candles, lubricants. 


^Tallow, mutton . 

Ovis arica 

•35-40 

Food, sojp, candles, lubricants. 


Bos taurus 

, 20-38 

' Food. 

a 






far as ilif* history of tho race itself. The )>raciiaod <tn the largast scale hy ‘ rendering ’ 

crudest methods of ‘ rendeiing ’ oils from seeds animal fats and 6ilB from tiie tissue^ as is done 
apd fruits, which arc still jiructiaed at present ^ in the preparation of tallow, lard, whale oil, 
ill Central Africa, in Indo-China, the Malify feod-livor oil, «c. ** The most modern practice 
Archipelago, and the South Sea Islands, consist ■ m the carrying out of*this process, as worked in 
allowing the broken fruits to molt hy the heat, the enormous packing hriuses (rendering estab- 
of the sun, when the exuding oil runs off ajpd is • lishments) in America (tallow, lard, bone fat), 
collected. The production of palm oil by the • and in the modern whale oil and ]^h oil rendering 
natives, as also of the preparation of best coco-' works, conpists essentially in cutting up the 
nut oil by boiling the fruit kernels with water,. fatty tissues into small fragments, which are 
are more modern developments of this nvjthod, tra^ferred into vessels containing water, 
which culminates in the method \ wherein the comminuted mass is heated by 
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steam, either under ordinary pressure in open a hopper over rollers cfttoisting of (five) chilled- 
vessels or under higher pressure in digesters, iron or steel cylinders mounted vertically like 
Ihe fat gradually exudes and collects on the the bowls of a calendar. These rollers are finely 
top of the water, whilst the membranous matter groo^jed so that the seed is cut up while passidfe 
(‘greaves’) falls to the bottom. The fat is in succession between the first and second rollers 
then drawn off from above the aqueous (gluey) in the scries then between the second end the 
layer, and strained through sieves or filters. The third, an<J so on to the last, when the^ains 
‘ greaves ’ arc plifced in hair or woollen bags aro sufficiently bruised, crushed, and ground, 
and submitted to hydraulic pressure, whereby The distance between the rollers can be eaf-ily 
a ^rlher portion of oil or fat is obtained. In ' regulated so that the seed le^ing the bottom 
the case of those animal fata which are intended ; roller has the desired fineness. The comminuted 
^or edible purposes, such as lard or suet for ! mass, forming a tnore or less coarse meal, is 
margarine, the greatest cleanlmoss must, of j either expressed in tlys .stale or subjected to a 
cout“se, be observed, and the temperature mu.'^t* preliminary hcffting, according to the«quality 
bo kept as low as posH}l)l(' in order to olitain a of the product to be* niiiniifactuTed. l<\>r the 
perfectly ‘sweet’ and pur(' lyate'iial. ]ireparation of edible oils and fats the meal is 

Preasiruj .—The preparation of oils and fats expreased in tlie cold, after luiving boon jmcked 
from small oleaginous seeds, such as Jins(*ed into bags and pl.'u cfl in hydraulu* presses under 
and rape seed, was juactised Originally by a pressure of 3(H) alnios]ih5rcs or more. The 
crushing the seeds and grinding hetaveen s^-onos, cakes are* allowed t») remain under pressure for 
as i.s still done in India. A more modern about 7 minutes. The oil cxi^ling in the cold 
development, still in vogue in Manchuria ; dt.ssolvcs the smallest amoiAit of colouring matter 
in the production of soya licaii oil, consists in &c., and hence has .suffered least in its quality, 
bruising tlic scowls and rc<lucing them under an Oils so obtained are known in cinnmcrce a« 
edge-stone, heating the meal in an ojien piuiT ‘cold-drawn oils,’ ‘ eold-pressed oils,’ ‘salad 
and pressing out the oil in a wedgc-^ireas, the oils,’ ‘ virgin oils.’ 

wedges being driven home by hammers. 'I’lie By jiressmg in the cold, obviously only 
Hcrow'-press usi'd iii vineyards servi'd as a umdel of thi'oil or fat is recovered. A further quantity 
for the construction of thr ]inmitive olive- is obtained by cx})re.s.snjg the seed meal at 
press. 'J’he several stages through which the a somewhat, high temperature, reached by 
industry of nil presses <ievelo]KHl from those warming tlie comminuted seeds or fruits cither 
early beginnings of maclnncry to the Dutch immediately after they leave the live-roller mill, 
wedge-press, until it reached the most complete or after the ‘ eoM-drawn oil’ has been taken 
form of modern oil-])r('ssing plant, cannot, be off Of course, the cold-pressed cakes must l>c 
(h'tailed here, and the reader is thendorc re- first disintegrated, whieli may bo done under 
ferred for a rajiid survey to Lew kowitsch’.s an edge-runner. I’he same operation may be 
Ohemical Technology. Tt must suiliec* here to repeated once more. 1’hus oils of the ‘ second 
state that the most modern presses in vogue at expression ’ and of the ‘ third expression ’ are 
present are tlie A/arsidfes yirrs'.s, the Anglo- ' obtained. 

American fress, and the cage pfr.sx (eloddiu” In the casf of oleaginous seeds of low* valffe 
press), which liave reached their proseni I'om- (cotton-sei'd, linseed) it is of importance to 
])ieteness through the combinatxin oi the express in one ojieration the largest possible 
inventions of tlio hydraulic press liy Joseph quantity of oil. Hence, after leaving the fivc- 
Bramah (1796), and of the acoiimulator by roller rtill, the brui.sed seed is generally w'armed 
William George (lat.ci Lord) Armstrong (1843). at oni^e in a steam-jneketed kettlo fitted with a 
It is duo to the early a{iplieati(m of these inven- mixing gear, by passing steam into the jacket, 
tiona in this country, that England secured and sending at the Same time some steam 
the supremacy in the oil-crushing traile in Hie ^through a rose, fixed inside the kettlo, into the 
latter half of the last century and has liecn 4blf^ mass w'hile it is being agitated. This practice is 
to retain it, notwithstanding severe ioreign a wirvival of the older method #f moistening tbe 
competition. • seed wdth a little water, while the seeds wertf 

The sequence of operations in treating oil bruised under edgc-ninncrs, so as to Ipwer tho 
seeds, oil nuts, &c,, for the separatiotfof fheoils .tempcraluro and facilitate the bursting of the 
they contain is, at the present time, as follows : cell.s. The w'arm meal is then delivered through 
As a pr^minary o})eration the oil s(!eds and measuring boxes into closed ptffife-bags (‘scour- 
nuts are freed fnom ^ust, sand, and f4her tins’ oi the ‘Marseilles’ press), or through 
impurities by sifting in an inolifced revol^ng measuring boxes, combined with an mtomatic 
cylinder or sieving machine, covered wuth w’ovon i moulding machine, into cloths open at two sides 
wire, having meshos varying^coording to the (Anglo-American press), so that tho preliminary 
size and nature of tlje seed pixii’atcd upon, pressed cakes be put at once irfto the 
This preliminary purification is^of the greatest hydraulic press. lA tho latest constructions of 
importance, especially for the preparation of oago-presses, the use of bags is entirely dispensed 
edible oih and Jals. In thoi calb of those seedf jvith, a measured quantity of seed falling dirftet 
liable to contain pieces •if iron (hammer heads in^o the circular-press cage and being separated 
and nails, amongst ^palm kernels, &c.), the from the material forming the next cake by a 
seeds are passed over magnetic separators, which circular plate of sheet iron. ' * 

retain tho pieces of Iron. The sepds and nuts flThe method of expressing is exclusively 
aro then decorticated (when required), the employed wherever the pressed cakes are used 
shells removed, and the kernels (‘moats’) as ca^le food. These^cakes retain a notable 
converted into a pulpy mass or meal (in older amount of oil or fat—^from 6 to 10 p.c.—which 
establishments by crushing and grinding between must, however, not be considered as lost, 
stono.s in edge-runners) by being passed through | inasmuch as tflb fat constitutes a most valuable 
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and, indeed, neccssatf * constituent of cattle 
food. ( 

KxtrdCtion hy solvents .—Tn tlioae cases vherc 
tLe full yield, or approximately full yield, of 
the oil contained in the seods/is aimed ao, tho 
comminuted seeds are extracted with volatile 
solvents, such as petroleum hydrocarbons, 
boiling below 120 ^, and carbon uisulphide. 
As these solvents are highly inflammable, 
methods of extraction by means of the non- 
inflammable carbon tetrachloride and chlorine 
derivatives of ethane (such aj dichloro-othyiene 
C 2 H 3 CI 2 , trichloro-ethylone OjHCHg, pcrchloro- 
ethylo^e C3CI4, tetrachloro-cth'f ne 03112 and 
pentaohloro-ethano O^HCl.) have boon intro¬ 
duced. At present the high price of these 
solvents still militates against their gcneiai 
employment, in addition t" some other draw¬ 
backs in their use. 

The apparatus employed on a large sealo 
depends on the temperature at uhich the 
extraction is carried out. In tho mam two 
typos of extracting apparatus may be dilleronti- 
ated, viz. for extraction in the cold and for 
extraction in the hot. 'J’hc seed is jirepared in 
a similar manner as for pressing, except that it 
ia "ot reduced to a fine meal, so as not to impede 
the percolation of the solvent through the mass. 
Tn the case of cold rxiraetton the seed is placed 
in a series of closed vessels, through which tlic 
solvent percolates by displacement, on the 
‘ counter-current ’ system. A battery of vessels 
is 30 arranged that one vessel can always be 
made the last of the senes to discharge finished 
meal and to bo recharged with fresh meal, so 
that the process is practically a continuous one. 
The solution of the extracted oil or fat is then 
transferred to a stcain-hoatcd still, whore the 
solvent is driven off and recovered by conderiHiiig 
the vapours in a cooling coil, to he used again. 
The last remnant of volatile solvent in the oil 
is expelled by a current of open steam blown 
through the. oil in tho warm state, '[’he extract¬ 
ing process in the hot is carried out in an appara¬ 
tus, the principle of which is exemplified by the 
well-known Soxhlet extractor. The comminuted 
seed is placed on trays o ' baskets inside a vessel 
connected with an upright refrigerator, and is 
surrounded there iy the volatile solvent. 
On heating the solvent with steam through a 
coil or jacket, tho vapours rise through and 
around tho meal. They pass into the refrigerator, 
where they arc condensed and fail back as a 
liquid through the meal, percolating it on their 
way downward:, and reaching the bottom of 
the vessel as a more or less saturated solution 
of oil iQ the solvent. The solvent is again 
evaporated, leaving the oil at the bottom of the 
vessel until the extraction is deemed finished. 
Tho solution of fat is then run off into a still, 
as described already, and«the last traces of 
solvent are driven out. The solvent is recovered 
(uul used again. 

The me^ loft after extraction is not suitable 
for cattle food, and no extracted meal can 00 
sold in this country for feeding purposes. On 
the Continent, however, frequent endeavoursf^re 
being made to sell (and even recommend under 
specious ‘ scientific ’ j^retansions) extracted 
meal for feeding purposes, and although 
AgripuHural Associations in many cases stipulate 
that no extracted meal should be accepted by 


farmers, yet a considerable amount of extracted 
meal finds its way, chiefly on the Continent, 
into ‘ compound cakes.’ 

With regard to the merits and demerits of 
the last two mentioned processes—expression 
and extraction—the adoption of either must 
largely depend on local conditions and the 
objects for which the products aie intended. 
Wherever the cake is the main product, expres¬ 
sion will commend itself as the most advantage¬ 
ous process. Where, however, the fatty matejial 
forms the main product, as in the case of palm 
kernel oil, or sesame and coconut oils from 
damaged seeds (which would no longer form 
proper catllo food), the process of extraction 
will be preferr^'d, especially when the price 
of oil is liigh. In sonic eases tho combination 
of the two proex'Hses commends itself, as in the 
))roduetion oliv<‘ oil. 'J’lie fruits are expressed, 
and afU'r the edible qualities and best classes 
of oils for technical jmrposes have been taken off 
by expression, tlio remaining pulp is extracted 
by means of solvents. This process ia known 
under the name of the mixed process {Mnkrie 
nirte ) [ v . Olive oilI. 

JieJinvKj and hlmching. —The oils and fats 
prepared by any of the methods described above 
arc, if obtained from perfectly fresh (‘sweet’) 
material, and in their fresh state, practically 
neutral. If care bo exercised in the process 
of rendering animal oils and fats, or expressing 
vegetable oils in tho cold, the jirodiiets are, as 
a rule, sufficiently pure to be delivered to the 
consumer, after a preliminary settling has allowed 
any mucilaginous matter, such as animal or 
vegetable fibres or other impurities, as also 
traces of moisture, to separate out. This 
spontaneous clarification was at one time the 
only method in vogue. This process i.s now 
shortened bj?^ hitering oil: through filter presses, 
or otherwise ‘ brightening ’ them, e.<j. bv blowing 
with air. In many cases these methods still 
suffice for the jiroduction of commercial oils 
and fats. 

In special cases, such as the preparation of 
edible oils and fats, a further improvement in 
colour, and at the same time greater purity is 
obtained by filtering the oils over charcoal, or 
ove,* natural absorbent earths, such as fuller’s 
earth. Where this process does not suffice, as 
in tho case of coconut oil or palm kernel oil, 
a preliminary purification in a current of steam 
must 1 e rt lorted to before tho final purification, 
described above, is carried out. 

Oils, intended for table use, which deposit 
‘stearine’ in winter, must bo freed ffom such 
solid fats. Tills is don^^ by allowing the oil to 
cuoi down to a low temperature and pressing 
the cold oil through the cloths in a press, when 
a limpid oil exudes, which remains proof against 
cold. Such' oil' is term'Cd ‘ winter oil.’ Thus 
whereas most olive oils Sre naturally non¬ 
congealing oilsft the Tunisian and Algerian 
^llive oils deposit so mych ‘stearine’ that they 
must be ‘ demargarinated.’ Similar methods 
are employed in 'the production of lard oil, 
edible cotton-seed oil, &c. ‘ 

For refini^ oils and fats intended for edible 
purposes only the foregoing methods, which may 
be summarised under the name of physical 
metkodSf can be used; the only chemicals 
permissible are alkalis or alkaline earths to 
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romovo any free fatty iicidfl in-csent. Treatment hydrochloric acid arc used. ]t must again be 
with other chemicals readers the oils and fats emphasised that no gcn^l rule can be laid down 
unfit for consumption. Thci'cforo all bleaching as to which jjrocess should be employed in each 
and refilling processes involving other means given case. There is still a wide field open for 
than those enumerated can only be employed the application of proper processes for the 
for oils and fats intended for technical jiurposcs, ! remotal of imparities and colouring matters 
such as lubricating oils, burning oils, paint oils, ; without, however, running the^-isk of attacking 
aoap*making oils, &c. j the oil or fat itself. , 

Bleaching witl^thc aid of chemicals requires j Henco^the attention of inventory has been 
great circumspection. There is no universal directed during the lust few years to the exploita* 
method of oil-refining apphcable to any and ; tion of this subject and a considerable number 
every oil or fat. Not only must each kind of j of processes and chemicals have been suggested, 
oil or fat be considered as a special problem, 1 Thus bleaching by means of ultra-violet rays 
4jut frequently even varieties of one and the has, through the introduction of the ‘ uviol 
same oil or fat arc apt to cause the same difii-Aliuiip,’gaiuedfawJurahdtlie bleaching u^hnseed 
cuities as would a new individual. In many Toil by these moans has been pahented. It is 
cases purificatiuii by means of ^sulphuric acid,; stated tliat other oils also can be bleached with 
invented and patented by Charles Gower in the aid of ultra-violet rays uviol oils’). 

175)2 (frequently ascribed to Th^nard), is still i’eroxides (sodnrm jmroxide, calcium per- 
usofuliy apphed. It consists in Jroatmg the oxide, and banuiu j)eioxide^, pcrsalts (such as 
oil with a small jicrcontagc of a more or less perborates, pcrsulphatos, i)ercarbonatc8 of 
concentrated sulpliuric acid, according t?> the sodium orjiutassium), organic peroxides (benzoyl 
nature of the oil or fat. The acid not only peroxide, acetyl })eroxide, acoCuie peroxide); 
takes up water, hut it acts on the suspended turther, sodium and calcium hydrosulphites, 
impurities, carbonising them to some extent, basic zinc formaldchyde-sulphoxylato and 
and thus causing them to coagulate and falh other similar preparations have been aug- 
down in the form of a llo(;culent mass, which gested and have also been used in prrfbtice occa- 
carries with it mechanically otlnu* impurities aioually. Most of these strongly acting cheraieajs 
which have not been acted upon. This method jiroduce a temporary effect, but frequently the 
is chielly used in the refining of hiiseed and ra]»c colour ‘ reverts.’ In other cases they introduce 
oils. such (;omj)hcaLioii8 into ^lie routine of the oil 

Purification by means of strcuig caustic soda rotiiicrs and of soap and candle manufacturers 
was first recommended as a general process that it is ini]K)8siblc to recommend them without 
by Louis G. Arthur Barreswil, his suggestion very serious qualification, 
being to heat the oil and add 2-3 p.c. of caustic Even after such purification as has been 
soda. In most cases the purilication consisted deaenbed above, small quantities of non¬ 
in removmg the free fatty acids from rancid glycoridic substances remain dissolved. Someof 
oils and fats, the caustic soda forming a soap tJiesc must be Considered as entirely foreign 
with the fatty acids, which would cither rise (adventitious) su bstanecs, r.i/. traces of colouring 
as a scum ami hft up impurities with it, or fall matters, chromogenetic substances (producing 
to the bottom and <^uTy them down. This the colour reactions which arc characterislfc 
process is a useful one 111 the case of cotton-seed of some oils and fats), essential oil», resinous 
oil. As a rule, however, it is very precarious, matters, sulphur compounds, and cyanogenetic 
since emulsions are formcil which iii many glucosKics. 

Cases altogether prevent the reparation c)f oil. Othgr substances are constant concomitants 
Aftertliotreatmentwithsulphuricacidor^austic of the natural products, and must therefore bo 
soda, the oils must be washed to remove the looked upon, to some extent at least, as con- 
last traces of chemicals. The water is then stituciits thereof. 'J’hcfiiost important of these 
allowed to settle out, and the oils are linaUy <ii‘c pliytosterol and cholesterol, inasmuch as 
filtered. * the ])rcsence or the absence of one or other 

The number of chemicals whiefe have Uten enables us Gj recognise a spedmen as a vege- 
proposod from time to tiim^or the purification (»f taulc or animal oil or fat. Of loss importances 
oils and fats is almost legion, and so long as the are aliphatic alcohols {such as myricyl or ccryl 
nature of oils and fats was little unc^rs^od, a alcohol)*and lecithin, although the latter is of 
secret trade in oil-jmrifyingchcniicalS flourished, very great importance fiom a 
With our present knowledge most of these point of view («ee Glycisrin). 
chemical# may be loinoved into the limbq of Hydrocarbons, which have been hitherto 
useless things. • , considered as of little importance, oc*ur more 

The general methods of bleaching, besides frequently in natural oils and fats than has been 
those mentioned already as j^ysical methods ascertained hitherto. More attention is now 
(viz. filtration over charcoal or absorbent earth), being paid to their occurrence, as they will 
are chiefly methods based on treatment with probably furnish *a* means of identifying indi¬ 
oxygen or with chlof^e. The methods of bleach- vidual oils and fats. 

ing by oxygen include all tho^ which aim at In their liquid state oils and fats penetrate 
the bleaching by exposure*to the air and t(? Easily into the pores of dry substances; if 
sunlight (as in the case of artists’ linseed oil), dropped on paper they leave a translucent 
or wnere oxygen or oeono is«introduced in the spot—grease spot—which cannot be removed 
form of gas or is evolved by chemicals, such as by ivashing with water and subsequent drying 
manganese dioxide, potassium diehromate, or (difference from glycerol spots), 
potassium permanganate and sulphuric acid. A curious effect, caused by the presence of 
In the process of bleaching by means of chlorine the minutest quantities of oils and fate, has 
either oleacljing powder or dichromatesii and been described by Lightfoot. Camphor, crushed 
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between layers of p4per without having been i 
touched with the fingue, rotates when thrown | 
on to water, but a ^ce of oil or fat on the | 
surface of the water causes the rotation to> cease ' 
inmediateiy; it is sufiiciont to touch the water | 
with a needle which has been passed prefiously | 
through the haij. 

The upecific gravity of oils and fats varies 
between the limits U’910 aud 0*976 at 15*5'’. 
The specific gravity alone only exceptionally 
furnishes a mcaeis of identifying an iiuhviduul 
oil. Hence the ‘ oleometers ’ which were 
formerly credited with theij^ower of detoutiiig 
individual luls arc now practically abanflimed. 
Castor oil alone can be idemtifie^, by its exccptitju-, 
ally high spti ilic giavity. 

The solidijying pond of those oils which are 
fluid aW-he ordinary temjieratuie ranges Irom a 
few degrees above zero dowii to - (Imseed 

(For tucltiny and solidifying ])ointa of 
individual oils anil fats, c/.^ tables at the end of 
tins article.) 

Although ftt liist sight little iinjiortaiiee 
sh'nxld bo aseiibed to the melting and soiiUifying 
lioints, inasmuch as from some oils tliere separuti* 
out on staniling glycerides I’ontamiiig solid 
acids (ill praetieo fiequeiitly termed ‘ stearino ’ 
oj^ ‘ margarine'), they are, fioin a, lechiucal 
point of view, of importance, as they are a 
measure of the eonsistcnce and lurnish reliable 
guidance in the prepiiratioii of ‘ (leuiargannated 
edible oils ’ or ‘ I'acked ’ lish and cod-livcr oils, 
hor the inamitacture of such demaigarmaicd 
oils, the natural oils are exposed to a low 
temperature. The solid glycerides then sejiaiale 
out as a deposit, aud the clear Imijud rul can be 
drawn oil as an upjier layer after sulheaent time 
has been allowed lor subsul^hice. When the 
solid glycerides sejiarate out m a crystalline 
form, this slow and i uinbeisoiiie process can 
tfc shortened by eooluig (refrigeiiitmg) ibc oils 
artifieially ami iiitering the iiquui portion 
from the solid at a low temperature. The limpid 
oils thus pbtained are sold iii commerce as 
‘ winter oils.’ ^ 

Demargarinatmg is employed on a large 
scale in the case of cotton-seiid oil, whale oil, 
tallow, aud some Algoiyan and Tunisian olive 
oils. » 

The ffjraclive index ol the natural oils and 
tats varies within certain limits which, thoi^gb 
uarrow, are sullicionlly eharacteristie, if observed 
through accurate optical instruments, to allow 
a lUSorefitiation of the individual oils Und fats 
to a certain extent. Tliis will be further* 
explained belc^uncler A/utlydit, but it may be 
pointed out here that exaggerated importance 
has froq^’ently been attached to the interpre¬ 
tation of the results of refractomctric observa¬ 
tion. 

Moat oils and fats have practically no 
action on the plane of Lighiy the small 

deviations observed in sensitive polariscopea 
being chiefiy due to adventitious substances, 
such as cholesterol or phytosterol or resinous 
or volatile ethereal substances, as in the case*of 
sesam^ oil, coconut oil, ood-hver oil. 

There are, however, several oils whichcare 
distinguished by notable rotations; this is more 
particularly the ease wi4h the oils belonging to 
the ('hauhnoogra group, and it is thus possible 
by means of the polariscope alone to ideutffy an 
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oil as belonging to this class, as has been done 
by the author in the case of ‘ cardamom fat * 
(sec Chavlrnoogra oil group). Notable rotations 
are also shown by castor oil and stillingia oil. 

Solubility .—Natural oils and fats may be 
considered as practically insoluble in pure 
water. On shaking vigorously with large 
quantities of water, how’cver, minute quantities 
are dissolved, as is proved by the result of 
allowing the emulsions formed at first to become 
clear by standing and shaking out the clear 
aqueous layer with ether. • 

On the other hand, oils and fats dissolve 
small quantities of water, which can be expcllcfl 
by warming at 100*". From the foregoing it 
follows that the emulsifying luiwcr of water as 
regaids oils Ur^d fats is pi'actically nil. It can, 
however, be inei^ased to a very notable extent 
by addition of small quantities of soap and a 
iiunihur of ptlier substances (see Lewlvowitseh, 
Chem. 'I'ech.: Kumhified Oda mid Fo(n). 

Willi the exception of castor oil, oils and 
fats dissolve but very sparingly in cold (ilcofiul. 
Hojling alcohol, however, dissolves somewhat 
larger <piantities, esjiecially of tliosi; oils and 
ifats vvliich contain glyeendes iTi the lower fatty 
aenls; but on (HHjling, nearly all the dissidved 
substance separates out. The solubility is con- 
sidcj-ably increased by the jncsence of tree fatty 
acids; if the amount of the latter be large, 
exc(^edlng about 30 jj.c., even (x)ld alcohol will 
reaiiily eftect solution. 

Oils and fats dissolve very readily in ether, 
carbon disuli»liide, cliloioform, carbon tetra¬ 
chloride, lrichloieth_\lene (and its congeners), 
benzene, jiaralhn oils, and pf'troleurn spirit. 
Castor oil, however, forms an e-\eci)tion as 
regards tlie two laKt-mcntioncd solvents. 
T'riacetin in insoluble in carbon (hsulphide anti 
in petroleum spirit. 

Oils and fats di.ssolvc^«/p7?a?' and pkoKjyhorV'i 
at the. ordinary temperature to a slight extent. 
Certain pharmaceutical preparations, notably 
phosphorised oils, are thus prepared. 

T’he aud ta.de of oils aud fats, although 
frequently eharacteristie of the individual oils 
and fats, is due to the presence of certain 
foreign matters. Thus in the case of fats 
belonging to the Myristica group the presence 
of an essential oil imparts the taste of mace. In 
the* ease ofc coconut oil the peculiar taste 
appears !<• be due An the jnesence of some 
ethereal ketones (occurring also in the essential 
oil of 4 rue^>^ It may be accepted that in their 
purified state oils and fats are entirely devoid of 
free fatty acids, and are practically odourless 
am^ tastcle.ss. Hence absolutely nefitral oils 
have an insiiqd taste. • 

•When freshly rendered, animal fats contain 
only very small t;:[uantitio8 of free fatly acidn. 
Oils and fats of vegetable origin, however, even 
in their fresft state, contain appreciable amounts 
of free fatty acids. ’I’his fiiay be duo to the 
fact that in all ieed^ there are present enzymes 
winch hydrolyse glycejides, the acid necessary 
for inducing the hydrolysis being suppUjfl in 
the form of carbonic acid, Iv'hich is always present 
in seeds. • 

Speaking^enerally, oils and fats do not suffer 
any loss when heated at temperatures of 160°-- 
180“. However, oils and fats containing notable 
quantities of free volatile fatty aeids, such as 
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WQcid butter fat, and coconut oil, lose in weight, 
no doubt through volatilisation of free fatty 
acids; it is not certain that glycerides of the 
lower fatty acids volatilise as well. 

Provided prcdonged contact with air. is 
avoided, most oils and fats can be heated to a 
temperature of about 260° without undergoing 
a chemical change. (Some oils and fats become 
paler in ^ consequence of the destruction of 
dissolving colouring matters, e.<j. linseed oil.) 

On being heated above 25t»^ up to 300^ some 
i^' foils, undergo a ehange 
which may be described as due to polymcrisii* 

Thus linseed oil is converted into a 
thick oil, having a considerably higher specilic 
gravity than that of ordinary linseed oil {cf. 

Linseed oil). On this reaction is based the 
manufacture of Polyuwriftcd Oilii . * Lintictd oil is 
eonvertod by heating above 250'' into ' varnishes * 

(not to boeonfoundeil with oil-vaniishcs eontam- 
irig Iniseed oil, gunivs, and oil of turpentine), 
which, according to their s]>ceilic gravity,*'aie 
graded in commerce as ‘thin varnish’ (sj).gr. 

0-000), ‘ medium varnish’ (sp.gr. 0-t»72), ‘ ationg 
varnish’ (sp.gr. 0-074), ‘ e.\tra strong varnish’ 

(sj).gr. 0-07«S). 'JWicse oils fiiid a]»jjljcatioii in 
lithographic printing an<l in tJie piejiaiution ot 
printer a ink, al.so as ‘ bird-lime,’ and in the 
nianufaeture of ])l<istic masses, ilence these 
oils arc known in the trade as ‘ Ullnyxiplnc 
varm.dus.^ Tuiuj oU is converted by liealnig 
to 250' into a jelly-hko mass, ‘ jialymerised 
tiing oil,’ used in the preparation of oil vai iiishes 
and even in the maiiufaetuie of linoleum. 

Poh/mrn.s(‘d Saffl/Ower oil is )H’eparcd in a 
similar manner from safflower oil. 1 ii India this 
product has been jirejiareil by the natives lor 
ma‘ny eeiituries, and is known ms ‘Itogh.in’ 

{* Afridi wax ’), (.'aUor od espeeially lends itself 
to the prejiaration of jiol^merised oil, owmg 
to the chemical constitution of ncifioku- acid 
(of which it contains considerable quantities), 
by prolonged beating, as is practised, v.(j. m 
the preparation of coguue oit when a B[>oiigv» 
very bulky mdia-rubber-liko mass is obtained 
(for which a soivenl has not yet been found). 

'rh(5 polymi'fisation can bo accelerated in some 
cases by the addition of ‘ condensing agents,’ 
such as concentrated sulphuric acid, alumiuiuiy 
chloride, and zinc chloride. . 
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the hydrocarbons formed exhibit optical activity 
(Lewkowitsoh, Ber. 19dL 4161). Before gw- 
making from coal waf ^generally adopted, 
illumiiMting gas was frequently prepared from 
fatty oils. In this connection it may be interest's 
ing t(? reniembo^ that Faiaday discovered 
benzene in condensed gas made from whale oil. 

As these changes are most impoi-tant, 
special attention must bo paid to the iuilueDce 
which light, air, and moisture exert, both 
separately and conjointly. ^ 

hJffuct of light .—The action of light alone, 
air and moisture biiing excluded, has hitherto 
not been studied thoroughly. It is well known 
Jh^t oils and fat»*uc(juire a paler colour under 
the mtluenco of insolation, somo oils* even 
bocoining e<ilourlcss. The application of insola¬ 
tion to industrial piirjxjses is well exernplitied 
by the method of bleijehing linseed oil, eod-liver 
m), and olive oil under glass isr in glass bottles. 
Smee pure glyceiides^are themselves eoUmrless, 
the light can only aftoet the foreign substances 
dissolved in them. This is further proved by 
th(5 fact tliat insfilated <'otton-sced oil does not 
r(*(luce silver nitrate so leadily a.s does ootton- 
•iseed oil kejit in the dark, and that exposure to 
light destroys those nimuto traces of*chromo- 
genetic substanci-s winch give rise to colour 
reactions that li.ive for a long time h(‘en errone¬ 
ously eoiisideied as eharacteristic {v. infra). 
It wouhl ajipear that the spccitie action of light 
IS due especially to the ultra-violet rays {see 
above under Bhaching). 

Bjfcct of air .—Wlien studying the- effect of 
air we must i learly discriminate between the 
influeuee of tlie ordinary aimosphert^—which 
necoHsarily includes tfu' action of oxygen, 
moisture, and light (diflused daybght, diroet 
sunlight)—and the mliucnc*; <d dn/ aii, to the 
exelu.sion of moisture and light. The effect of 
the atmospJicn‘T»)ji oils and fats varies in a very^ 
marked degree with the clii'inical composition 
of the glycerides. As a general rule, it may bo 
stated that the greater the projjortioii of 
uiisatuiqjed fatty acids in the glycerides of oils 
and fats, the greater is their power to absorb 
oxygen. 'J’lie chemical ehange is most marked 
m the case ol diying odty it becomes gradually 
l-vss pronounced with the decrease of the power 
of absorbing lodnu*, a.s we jiass through the 


is acrolcm. The iutciise odour of ^emleiu, 
which ail fats emit when heated uBovo .100°, 
is one oj the most oharactenatic reactions, 


When oils and fata are heated b^oud 25t9°, ' (tla-sses of senii-dryiog oils and non-drying oils 
docompositmn sets in, witji the tor^iation of ' dovrti to the solid fats. Marine animal oils . 
volatile products, the most prominent of which occupy a position similar to that of drying oils. 

i I'he oxygen ubsoiption pow-er of the furious 
I mis and fats will be considered below in the 
. section A/udi/sis, iJrying oils .itkoeken at first 
enabling dno to (listiiiguish rapidly fatty qiJs and form an clastic skin on tiie surface. If ox- 
and fats from mineral anc^sseutial qils. Among , posed in sullicicntly thin layers, us, for i^ystance, 
the volatile products obtained on heating oMs j if spread on wood or glass, they are finally 
and fats to high temperatures am found, besides I converted into a transimrent, yellowish, flexible 
volatile acids and sebaoic acid, hydrocarbons | substance, insoluble in w-ater, alcohol, and also, 
of the ethane, ethylena, and aromatic seiiea ■ toaverygreat oxt(*fit, in ether(r/. Linseed oil). 
(and perhaps also n^hthones), the quantity of i While tliis energetic oxidation takes place, heat 
which is considerably increased, when the de-j is developed to such a degree that if the dryii^ 
struotive distillation takes pl&oe under pressure, f tdkes place in presence of organic substance in 
This lends strong support to the theory I a fine state of division, offering a large surface 
that the natural petredeum h^rdrocarbons owe j to the atmosphere (cotton waste, woollen rags),* 
their origin to the destruction of oils and fats, i spontaneous combustion will ensue. The non- 
The vegetable fats generaUy offer much greater drying oils remain more or less unchanged, 
resistance to thqjr conversion into hvdrocarbons i The semi-drying oils ogcupy an intermediate 
under pressure than do animal oils and fats, i positiorf. The gradations between the various 
If an opticallyoactive fat is distilled destructiijply, I classed are, however, by no means so distinct 
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as to warrant the drawing of hard and fast at firsts but rises, at the optimum temperature, 
dividing lines betwoenJifeo three classes. to a considerable extent within a comparatively 

The action of airJs intensified by spreading short time {see Saponijicatim). Thus the 
f)il8 and fats over wely divided metals (load ferment contained in castor seed is cajpable of 
powder, copper powder), the metals acting as effecting practically complete hydrolysis in the 
accelerators or catalysts. Thm reaction <s used course of a few days. Enzymes of a similar 
for analytical purposes in the determination of kind, such as ‘ catalase, may reasonably be as* 
tlic oxygen absorption power of oils (v. infra). \ sumod to be contained in commercial animal fats 
Dry air, to the exclusion of mftisturc and to a smaller or greater extent, according to the 
light, hai no action on oils and fats, at the care exercised in the separation of the animal 
ordinary temji^rature. They will therefore tissue from the rendered fat. 
remain unchanged for practically an indefinite Accepting, then, as a fact the occurreiwe of 
length of time, if kept proUctod from moisture small quantities of fat-hydrolysing enzymes in 
and light. Since it is very difficult to exclude those commercial oils and fats which have net 
the last traces of moistufc when storing oils ^ut, been heated to such temperatures that inhibition 
fats, such nroisture as gains access to the oils of the enzymic action must set in, we shall be 
and fats will exercise a slight action in the able to undr.'ratund those changes which oils 
manner described in the following paragraph, and fats undergoVm exposure to the atmosphere, 
that is to say, small amounts of fatty acids will As is well known, they acquire thereby a dis- 
bo formed, but rancidity need not set ui. agreeable ^ell and au aend taste ; and tho 

Effect of moisf/urc. —I'he effect of moisture presence of free, non-volatile fatty acids, as 
(always present in tho atmosphere) is a far- also^>f small quantities of volatile acids, may be 
reaching one. '^In order fully to understand its observed. We comprise these changes under 
effect, it is necessary to consider the action of tho term ‘rancidity,' and wc express this by 
water on oils and fats. stating that the oils and fats have become 

At temperatures up to about 15t)° watci * ‘ rancid.’ 
d(H‘s not attack glycerides, but if the tempera- 'J'hc ofteet of light, air, and moisture may 
t^e be raised to 200'^ or more, the triglycerides now be explained as follows: In the presence 
are finally decomposed (hydrolysed) into tbcir of sufficient moisture and acid, enzymes arc 
j)r<iximatc components, glycerol and fatty enabled to accelerate hydrolysis so that a 
acids, whilst tho cleftienta of water are assimi- certain ]>roj)ortion of the glycerides may give 
laicd. This action appears to have been j rise to tlie production of diglycerides (and mono- 
observed first by Appert in 18211. glycerides) and free fatty acids within a com- 

The hydrolysis thus produced at high paratively short time (a few days or a few 
temperatures is greatly accelerated if the action weeks according to the conditions). Hence.tlie 
of the water is assisted by suitable chemical first postulate is that free fatty acids should make 
agents (catalysts). If such agents are present, their appearance. 

it is possible to reduce the temperature. Thus, Jt is well known that oils and fats, if kept 
by the assistance of conceutrated sulphuric fully protected from light, air, and moisture, 
acid, the chemical change may be effectcid at a i retain indefinitely their state of neutrality, 
tfemperaturc of about 120". TJne temperature whereas if they are m>t carefully preserved, 
required for the chemical change may be further moist air easily gains access (us in imperfectly 
reduced to about 1(X)" by employing strong corked bottles, barrels, &-c.), and free fatty 
hydrochloric acid. A still further reduction of acids, of the sam»i composition as those which 
temperature can be effected by the introduction are combined with glycerol in the neutral fat, 
of strong bases in alcoholic solution («ee'*Sittpo7?t- arc produced. T'he quantity of enzymes in 
Jicalion). Finally, the change may be brought filtered commercial oils and fats being very 
about by water even at the ordinary tempera- small, the amount of hydrolysis effected in such 
ture, if naturally occurring enzymes, such asi oils and fats will be restricted; hence tho 
lipase, or stoapsm, arc intimately intermixed proportion of free fatty acids in commercial 
with the oils aud^fats. Fat-hydrolysing enzymes oiU and fats does not, as a rule, exceed a few 
.seem to occur in most, if not in all, oleaginous per cent, rIf, however, oils and fats be allowed 
seeds, and no doubt ])lay an important part in to remain m contact with the organic matter 
the utilisation of the fatty reserve 5 >roducts from ^wh*f;h they have been obtained, such 
stored in the seeds. During the germination of as tho male of fruits (as in the case of olive 
tho seeds, hydnolysis takes place, and free oil, palm oil, and coconut oil), cur animal 
fatty acids are liberated; hence, it appears very tisi^ncs (as iu tho case of ‘rough fat,* blubber, 
likoiy t^vt the presence of small quantities of fish livers), yr casein,* &c. (as in the case of 
free fatty acids, which are always found in even brfitor), the hydrolysis of the glycerides increases 
the freshest vegetable oils and fats, is due to the somewhat rapit^y and may reach very high 
slight potion of these enzymes on the glycerides proportions. Thus the so-called bagasse olive 
stored in tho seeds. The rabsence of suitable oils (t.c. oii^ expressed from exposed olive marc, 
conffitions in ungerminated seeds would appear contain as much as 70 p.c.^of free fatty acids, 
tot lead to limiting very sensibly the progress Palm oil may e-yen undergo complete hydrolysis, 
of hydrolysis. Such conditions are the prescnct ;lind hence be foimd'i-o ponsist almost exclusively 
of sufficient water and of small amounts oi? a ' of fatty acids. In all these cases we can 
mineral acid (carbonic acid, v. supra), or of a satisfactorily explain the formation of a high 
strong fatty acid (such as acetic acid)^. If proportion of fatty acids ky the conjoint action 
water acidified with small quantities of such of water and enzymes. It appears, therefore, 
acids be churned up wth oils and fats, and ' unnecessary to invoke the action of air and 
suitable enzymes be introduced into the nlixture, light in order to explain the presence of free 
hydrolysis of the glycerides takes place gradually ; fattjf. acids. 
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The author, therefore, ascribes the prima^ 
cause of rancidity, namely, the formation of 
free fatty acids, to the action of moisture in the 
presence of soluble enzymes which act as cata- 


given in a table, published by Lewkowitsoh 
(Analyst, 1899, 327). 

Action of oxygen .—If • air, or better still 
oxygen, be blown through fatty oils at the 


lysts or accelerators. The occurrence of small i tompejature of boiling water, oxidation take! 
quantities of free fatty acids even in refined oils j place. So much^hcat is thereby evolved that 
and fats (edible oils and fats), would thus be | the oxidation process continuosvithout further 
explained. Yet these oils and fats are by no | heating. (Jn this reaction is based the inckistry 
means rancid. Imfeed, the presence of the free-1 of ‘ blown oils.’ • 

fatty acids imparts a slight, not unpleasant,' 
ilavqpr; for it is welUknown that completely 
neutral oils and fats have an insipid taste. 

• Hence, rancidity is not due, as is still widely 
believed, to the jirosence of free fatty acids 
alone; in other words, rancidity must not be 
considered as coterminous with lucidity. 'I’be 
frequent confounding of the^eetwo terms is 
caused by the fact that acid oils and fats are 
frequently rancid as well, it is only when 
oxygen and light gain access to t^e acid fats 
that the conditions favouring the. .setting iii of 
rancidity are provided. Rancidity is rather 
due to “the direct oxidation of free fatty acids 
by the oxygen of the air, assisted and iiitiuisified 
by the exposurj^to light. Oxygen and light 


Blown Oils, ^ 

The most notable change produced by the 
action of oxygen *is an increase in density 
(hence they are also termed ‘ thickened oils ’). 
•rife oils thus Obtained re.semblc castor oil 
in their density and viscosity, buT differ from 
it in that they are soluble in petroleum spirit. 
Hence, these oils are known in the trade also 
as ‘ soluble castor oil^.’ The similarity to castor 
oil, as also the high ac<!tyl values of the blown 
oils, has led to th(^ ^ripinion that glycerides of 
hydroxylaU'd acids arc formed,, but the fatty 
ai-ids actually pro(luce<l differ from the castor 
oil fatty acids and form a special class of fatty 
icids, comju'iscd by the autluu’ under the term 


must act simultaneously, either ol these agentsf ‘ oxidised acids.’ Fatty oils belonging to the 
alone being unable to produce rancidity ;! class of semi-drying oils lend themselves specially 
hence, the greater the surface offered to the j to the manufacture of ‘blown oils.’ Thus^m 


atmosphere the more rajudly w'ill they be able 
to exercise their influence. 

Oils (liquid fats) turn rancid more readily 
than solid fats. This agrees with the fact tliat 
liquid fats are much more easily hydrolysed 
in the enzymic jirocess {see Saponijicahon) '■ 
than are solid fats, such as tallow. Whether 
fats containing glycerides of the lower fatty acids 
(butter fat, coconut oil) are more liable to 
become rancid than the fats containing gly¬ 
cerides of the higher fatty acids (cacao butter, 
tallow, &o.) has not yet been decided exxicri- 
mentally. It may, hbwever, be taken as a 
general rule, that the higher the proportion of 
insoluble saturated fatty acids, and tlie lower 
the percentage of unsaturated glycerides in the 
fat, the less will be its liability to turn rancid. 
This rule, however, appears to break down in 
the case of coconut oil and of Japan wax, which 
differ greatly in the coniposition of their con¬ 
stituent glycerides. ^ * 

Whilst, then, there appears to be no doybt 
but that rancidity is due to the ^multancous 
action of moisture, oxygen? and light, very little 
is known as to the actual chemical change which 
the liberated free fatty acids unckfgo.* The 
observation that rancid fats contain free fatty 
acids hai been made before 1814, and both 
steam distillation and |xtraction with alcohol < 
wei*e proposed for their removal. • The opinion 
has also been frequently expressed that the 
bodies characteristic of rancid fhts are aldehydes 
(cenanthaidehyde)and similarsubstaiioes. Hence 
the usual reagents j^ployed for the detection of 
aldehydes have been suggested as a chemical 
means of differentiating rancid fats from acid fats* 

A method of asoertiining the presence of 
incipient rancidity been based by Issoglio 
{Annali Chim. Appl. 1917, 7, 187) on the ‘ oxi- 
diwbility value' of rae volatile constituents of 
the fat by means of standard permanganate 
solution. 

Some isolated observations regarding the 
chemical changes undergone by rancid fatt are 
VoL. IV.—T. 


commerce there are obtainable: blown maize 
oil, blown cotton-8«‘ed oil,^blown rape oil, and 
blown castor oil. I’ho speciHo gravity of these 
oils is increased by the formation of oxidised 
aeids and may reach, according to the time of 
treatment with air, as high values as 0'96 and 
above. The chemistry of oxidised oils has 
been investigated by Lewkowitsch {see Chem. 
Tech. [iii.]). Blown oils are also prepared from 
iibh liver and blubber oils, and are used in 
the leather industries as also in the production 
of compound lubricating oils. In the case <A 
drying oils thc^xidation process proceeds much 
further, finally yielding jclly-liko or Sven solid 
clastic masses. Thus linseed oil dries on ex¬ 
posure to the atmosjiherc in a thin*fiJm to an 
elastic, ^hin skin. Illown soya-bean oil also 
yields a viscous somewhat elastic mass. 

» Boiled Oils. 

Extensive use is made of this action in the 
Lnihiistries of boiled oils, paint oik, and varnishes. 
The boiled oils were up to a few decades ago pre * 
pared eijclusively by ‘heating’ linseed oil, a» 
also other drying oils, with a small quantity of 
suitable metallio oxides or metallic salts—driers, 
siccatives {see Driers and oil) —over 

free fire to temperatures varving from 210® to 
260®. *■ • 

It has been found that linseed oil, after 
heating with lead oxide, absorbed oxygen more 
rapidly than did« linseed oil not so pi^pared, 
and whereas raw Ifhseed oil requires about 3 
days for drying to an elastic skin, the drying 
process so much accelerated by the treatmdht 
wijh lead oxide over free fire, that linseed oil so 
prepared will dry even, within 6-8 hours to an 
elastic skin. * 

What reaction takes place during the process 
of boiling is not yet fully known. A slight 
decomposition of the glycerides undoubtedly 
occiu;p, as is proved by the evolution of acro¬ 
lein vapours faring the boiling; but speh 

8 XT 
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decomposition of the lyisecd oil is very limited, 
as the ‘boiled oil,* lilfe the polymerised linseed 
oils (lithographio vaftiish), still yields almost its 
;fu!l amount of glycerol. Moreover, })raetical 
experience has proved that boiled oils rpust be 
made from glycerides, siift^e ‘ boiled oils ’ 
cannot be obtaWd from linseod-oil fatty acids, 
or from ethyl esters of the mixco’ linseed-oil 
fatty acid^. 

The process of boiling with ‘ driers ’ n]i]»ears 
to be ail empjric,al way of producing metal 
salts (lead salts, cerium salts, or manganese 
salts) of the fatty acids of the boded oils, ])fwtial 
saponification of the gl;^ceridijs taking i)laco at 
the high te^’nperaturi? to wliich the ods 
suhjooted while being ‘ boiled.’ ’Phese lead 
(or manganese) salts of tlie fattv aeids are able 
to act as oxygen earriep m the jnooess of | 
‘ drying,’ when the boiled oils are exposed to I 
the atmosphere cifher in their original state or 
in admixture with jngme'iits, gum-resins, fic. 
This would leid to the ex]»laiiation that the 
driers act as catalysts, a small (|uaiititv only ' 
being required to iM-eeleraf<‘ the oxidation, so | 
that the oils linally yield a skin. 'I'hese views ' 
find aujiport in the modern methods of preparing 
‘ boiled oils.’ 

"'Thua at jireaent the bulk of the ‘ boih-d 
oils’ IS obtained by heating linseed oil with 
driera to a temperature of about 150“ only. 
The process is (uirned out by introducing the oil 
into a cylindrical vessel piovidcd with a lieating 
coil and agitating gear, so as U\ jiroduce an 
intimate intermixture betwi-en oil and drier, 
while they arc heated to the desired temperature. 

According to the quality and the amount, oi 
drier added, and the length ot time (luring 
which the oil is heated boiled’), p<ih' or darL 
oils arc ]iroduccd. The former are known in 
eommoree as ‘pale-boiled oils,’ the latter as 
‘ double-boiled oils.’ Tlie (em|)eratui<* can be ! 
reduced even to 120'’ by merely clissolvitig 
‘liquid driers’ (solutions of lead linoU'afe, fee., 
in linseed‘’oil), and assisting the operation, if 
required, by a current of air. ^ 

These boiled oils have the piojierty of i 


formed when the mixed fatty acids are exposed 
to the atmosphere. Moreover, Bauer and 
Ifazura have shown that, at any rate in the first 
stage of oxidation, the glycerimc constituent of 
the imseed oil remains intact, and that the oil is 
I converted by exposure in thin layers into a 
i substance resembling in its properties Mulder’s 
I ‘ linoxyn,’ but still repre^nting a glyceride, 
j This substance was assumed by Bauer and 
Ilaziira to be hydroXylinolein {i.e. a mixture of 
liydroxylinolin and hydioxylinolenin). 

Kahrion has applied Englcr and Weissberg’s 
autoxidation theory to this problem, and in tbe 
light ot this theory he regards the linseed oil 
as an ‘ acceptor,’ and the driers, especially lead 
and mangaijese, which are readily converted 
into peroxider>, as autoxidlsers or catalysers. 
He further argues that some facts seem to show’ 
that tli(i drying process may also be considered 
as a iTKileefilar niitoxyealalysis, and that driers 
can therefore only be lo<»ked u]H)n as ]isoudo- 
eatalysers (pseudu-autoxidisers), they causing 
the addition of hydroxyl groups, and leading 
t(t the formation of a secondary autoxidiser. 
Tlie latter in its liirn would * up oxygen in 
it.s moleenlar form, and beirome converted into 
! a hydroperoxidi' of a metal and hydrogen 
I peroxide (c/. Linskkj) oil). 

I Genthe, in an elab<)ra.te physico-chemical 
study of the drying of linseed oil, has shown 
by a series of expeiiments that the diying 
jiroeess would appi-ar to represent a special 
case of autoeatnlysis, inasmuch as his results 
corresjiond approximately to numbers obtained 
by means of the equation dxjdi (d - x) 

(the equation propounded by Ostw’ald fur auto- 
j catalytic rcaetioiis). The substance which acts 
I as t he auto-eatalyst could, liowever, not be 
j Isolated, and t he as.sumiition is made that it 
' has the eharaeier of a peroxide. The so-called 
‘ blown boiled oils ’ wimid, therefore, bo linseed 
oils, in w’hieh peroxides are pre-formed, and the 
accelerating aidion which old oil of turpentine 
possesses would be due to the high proportion 
of peroxide it contains. (It must, however, 
not bo overlooked, that the jieroxicle has not 


absorbing oxygen froiu^the air at a much more yet been isolated.) The ‘driers’ would thus 
rapid rate than does raw linseed oil. and t he have to be eonsidered as pseudo-catalysts, their 
time required tor the i<irmation ot a skin is fnpetiou being accelerate the drying process 
thereby much shorUmed. i by assisting in the formation of autocatalysers 

, The chemical change which takes phn'e ukhen 1 {‘ peroxides ’). 

a vegetable oil ‘ dries ’ to a solid elastic skin, is j Boiled oils arc nAt (yet) oxidised oils, but do 
Tiut vely imperfectly understood, "’’he final become oxidised when exposed to the atmo- 
product appears, however, to be the same; sphe^, rorming the well-known skin which 
whether raw;, Hpseed oil be allowed to absorb paints (that is intimate mixtures of boiled oil 
oxygon from the atmosphere slowly, or whether and pigments) form on the painted objecta. 
the ‘d|*ving’ bo accelerated by previously* ’’The oxidation of Icnsoed oil may be much 
converting the oil into ‘ boiled’ oil, or tlie raw ae'?elerated by blowing linseed oil in the same 
linseed oil be treated in a current ot oxygen or manner as is done in the preparation of blown 
ozone ..at a somewhat elevated temporaturo, oils (.vee above). This process is carried out in 
after having been interpiixed with driers. ; the manufacture of Jlinohum, when boiled 
Mulder’s opinion, that in the first stage the j Unseed oil is allowed to liin over ‘ scrim ’ (a 
g(ycoridic constituent of the oil is oxidised and light cotton fabric) hanging down from the 
that the liberated fatty acids take up oxygeci j: ceiling of a hi^h building, the temperature of 
and are converted into the anhydride, of i which is kept at about* lOO'’F. A portion of oil 
hydroxylinoleic ’ acid {i.e.. the anhydride of! solidifies on the fabric ; ^he oil which drains off 
hydroxylated Unseed oil fatty acids), a neutral is again pumped up and, aUowe4 to run down 
substance, insoluble in ether, termed by’' him until the ipyers of the aemi-solid mass have 
‘linoxyn,’ must be reiectod as erroneous, for reached (after several weeks) the thickness of 
this view postulates that hydrolysis •of the about half an inch. The soUdifiod oil obtained 
glyobrides precedes oxidation. It has* been by Uiis method is termed ‘ scrim oil.’ 
pointed out already that the e^did skin is nut another method consists in passing a current 
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of oxygen gas through linseed oil intferaiixed i obtained. Hence it is^^ssible to obtain on a 
with a drier and heated by steam in jacketed ' practical scale brominatecLoils and fats. Such 
pans. When the maximum amount of oxygen produets arc recommended for pharmaceutical 
has been absorbed, the mass forms a thick purposes. Thus bromine compounds of sesamd 
viscous fluid, whi(A will still flow* while hot, oil aro^old as ‘ bramipin.’ 
but on cooling solidifies to a substance similar Action of ivame. —Iodine ^s only slowly 
to the ‘ scrim oil.* During the ‘ blowing ’ ' absorbed when mixed with oils or fats, but 
partial hydrolysis wid oxidation of the glycerol : it does yield substitution products. The 
formed takes place, as notable quantities of ; assimilating ])ower of oils or fats for iodine 
acrolein vapours escape. The semi-sidid oil so 1 varies with the chemical oonskitution of their 
obttined has not the same elastic properties j glycerides and also with the temperature, but 
which the ‘scrim oil’ jiussessos. (Both pro-; never reaclics tlial khcorcticul amount, which is 
Ofcssos were invented by Walton, ia 1800 and indicated by the iodine value of oils and fats 
1803 respectively.) The solid linseed oil is used above). Jo4if-:ed t>ils and fats ha^e also 

in the maiiufactun* of linoleum. 1 been inti‘<Mlue<'d into pharmaiy. •^'Iiuh ‘ iodi- 

In a third process, known the Taylor- } jnii ’ is a derivative of sesani6 oil, containing 
Parnacott metliod, the linseed oil is thickened i about 25 p c. of iodine. 

at a high temperature in a current of air. | ('onii)lete saiuriCion of the unsaturated 

For furthc^r detads of tlio development of glycerides vitli halogens m;iy»be effected in the 
the linoleum industry, see J. Soc, Oheni Ind. j cold, if an ab'oholy: solnlion of iodine and 
1910, 38, 20 T. * i merenrie chloride, or a solution of iodine mono- 

'I’he non-drying oils are less readily attacked i chloride or iodine inonobromide in glacial 
by oxygen, and solid fats only .suffer a ciiange if I acelii- acid, i.s allowed to act on a dilute solution 
heated to a high temperature. i <if oils or lats. 'I'he glycerides of tlie unsaturated 

Action of Ozone has no action ouijacid.s absorb in that case 1 molecule of iodine 

the glycerides of saturated fatty acids. The | chloride, or U'dine inonobromide, foi^each pair 


glycerides of uusaturated fatty acids are, 
however, easily acted on by ozom*, each jiair of 
doubly-linked caibon atoms absorbing 1 mole¬ 
cule of ozone. 

According to IfaiTies, ‘ jierozonides ’ appear 


of doubly-linked carbon atoms, vith the forpa* 
tion of saturated comjKiuiuls. On this action 
is bascnl one of the most important analytical 
ojK'iations practised in till' examination of oils 
ami fats. viz. the determination of the iodine 


to be formed first, which are easily conveited • value (c. wfrn). 
into stable ozomdes (we Olkki acid) ^ t'hloro-iodo, as also lodo-bromo fats and oils 

Action of hydrogen.—Hydrogen gas under i prcjiared by iho above-described reaction 
ordinary conditions or under pressure', or even ' 


if evolved in statu nasccvdi, either electrolytieally 
or by moans of sodium amalgam, has no action 
on the glycerides of liighi'r unsaturated fatty 
acids, although it effects dcodonsatioa ol oils 
and fats. • 

Sabatier and Senderens, however, fiirmshf'd 
by their method of reducing organic substances 
by means of hydrogen in th*' presenci' of finely 
divided metals, e.specially of finely ilividcd 
nickel, an easy means of converting thi' glycerides 
of unsaturated fatty acids into practically 
completely saturated glycerides. Thus whale 
oil, cottoh-seed oil, sesame oil, &c., can iie 
reduced to hard tallow-like substances wkieli 
practically absorb n<i iorline. Tlu^same effect 
may be obtained by using colloidal palladium 
(Paul and Roth) or simply finely divided 
palladium. A somewhat oonsidera^ Jipmber 
of patents have been taken in this direction, 


ire being introduced (or attempted to bo 
mtrriduced) into pharmacy. 

Actum of sulphur chloride .—Sulphur chloride 
acts energetically on fats. The reaction appears 
to (ionsist in an absorption of the elements of 
sulphur chioiwJe. much as iodine chloride ^s 
ab.sorbed by llic unsaturated carl^i atoms 
(.svr above). The action of sulphur chloride 
would, th'Tcforc, ajtiioar to consist^n the con¬ 
version of unsatiuated (fatty acids or their) 
glyceriaes into satiirati'd comiiouuds. 

Xu the two tables shown on page (560 a syste¬ 
matic examination ni»ilc by Lewkowitsch (of 
»tlie iiroduets obtained by the action of sulphur 
chloride) has been collated in a synoptic manner. 

^The sulphur ehloiide reaction finds technical 
ajqilicatioii m the manufacture of rubber 
substitutes (sec Vulcanised Ods^ bclow)^ 

Action of sulphur .—Sulphur ha.s no chemical 
|*action on oils and fats in the cold. At higher 
temperatures, however, from d'28* to 100°, all 


all of tham claiming modifications of the funda-, , , , i. x j 

mental dtocess of Sabatier and ScnderenB*(r/. i oils (since they coni am glycendos of unsaturated 
Hydrogenated Oih). * . ^ fatty aoids), notably linseed oil, casto^il, rape 

Action of c/iiorinc.—Ohlnrino acts on tiiU oil, cotton-secd oil, and marine animal oils, 
and fats with evolution of hydrochloric acid, 
glycerides of chlorinated fatty acids being 
formed. At the samo time cMoto addition 
products are obtSftied. Hitherto it has riot 
been possible to moderate the action of chlorine 
to such an extent that cjflofo addition product? 
are obtained exclusively. Attempts are being 
made at present to filW applitations for chlorin¬ 
ated oils and fats in the arts. 

Action of hromiiK .—Bromine acts in a 
manner similar to chlorine, although much 
lees violently, so that it is possible to limit the 
reaction in *he case of uflsaturated glycyrides 
so far, that brom'o addition products only are 


assimilate sulphur, and it would appear that the 
sulphur is absorbed much in the same mafiner as 
oxygen is alisorlleii by oils. On cooling, the 
sulphur does not separate out; on saponifying 
the sulphurised oils in the cold, sulphuriaed 
fatty acids are obtained, while very little 
sulphuretted hydrogen is evolved. On heating 
the sulphurised fatty acids to 150®-200°, how« 
eveg, sulphuretted hydrogen escapes in latm 
quantities, and substitution of hyctogen in tnb 
molecule of the fatty sutstance by sulphut secmS 
to takh place. The action of sulphur on oils is 
mad? use of in the manufacture Of vulcanised 
oils. 
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Yulcanisci Oils, 

VuloamsodoilB, ‘rtiflber substitutes,’ arcpre- 
par^id by a process resembling the vulcanising 
of india-rubber, namely, eitlK*r by treating oils 
with sulphur at a somewhat ^'evated tcili])era- 
ture (comparable to th(? ‘ hot euro ’ of vulcanising 

Oils ANp Fats treated wmr* Sulphur 
Chloride; f) gramas op Fat, 2 c . c . of 
Sulphur Chmuude, and 2 c.c. op 
(Urbon Disulphide. 

A. Products ct>7)ipl(1('h/ soluble, in (Uubon 
Disulphide. ^ ^ 


Class of oil 


Kind of oil 


Vegetable fats 


Animal fats . 


{ M/>wrah seed <ul 
Palm oil 
I’alm nut oil 
Co(!onut o»l 

{ Lard 
Jlutter fat 
Deef tallow 
Mutton tallow 


i \ Mass docs 
I { not tlu( ken 


I 


B. Producis not completely soluble iu Carbon 
Disulphide. 


■ , 


Solidillea 

C i 



after immit.'f.' 


Class of oil 

Kind of oil 

n the 

On tlie 
njilx'i- 

~ a- 




bntli 






V <• 



Linseed 

10 

o 

14*4 

Drying 


Tung 

JA 

— 

— 

^oils 


Hemp seed 

H 


9*2 



Poppy seed 

2J * 


30*(> 

Fish oils ' 

.fapan fish i 

b 


124 

Liver oils 

(Cod liver, pure ; 

'i. 

— 

4*4 

*\ „ ,, rancid 

U 

- - 

(i-4 

Blubber 

(Seal 

li 

- e 

4*4 

oils 

\ Whale 

13 


3*0 


/(Cotton seed 

20 

4 

24*0 

Semi-dry¬ 
ing oils 

Sesam6 “ ' 

(Colza 
llape 

21 

23 

12 

2 

18*4 

2*8 

4*2 


U’rotjn 

18 

— 

21f.*4 

• 


I’each 

2I> 


4*8 



Almond, sweet 

27 


4*0 



Almond, bitter 

28 

..J 

3*4 



Arachis 

30 


0*0 

Non-dry¬ 
ing oil^, 


OiiVb 

Castor 

22 

1 

4 

at once 

4*2 

3*8 


Sheep’s foot 
Horse’s foot 

3«" 

__ 

l)*0 

ti 


20 

— 

13*0 



Neat’s foot 

23 

— 

9*4 



Lard 

iO 

— 

15*0 



Tallow * 

12 


29*8 


india-rubber), or by treatment with sulphur 
c|iloride in the cold (corresponding to the ‘ cold 
cure ’ in the vulcanising of india-rubber). 
Hence the term ‘ vulcanised oils ’ is applied to 
these produots. ^ 

According to the process used, the vulcanised 
oils arc differentiated in the trade as * brawn ’ 
(black) and 'white substitutesJ- respectively. 


The ‘white substitutes* contain, therefore, a 
considerable proportion of chlorine, which is, 
of course, absent from the ‘ brown * (black) 
substitutes ; thus it is possible easily to dis¬ 
tinguish by* chemical means betw’cen the two 
classes of rubber substitutes. 

'I’he white substitutes form a yellowish, 
elastic, crumbly substance of oily smell and ^ 
neutral reaction ; the, browm (black) substitutes 
occur in commerce cither as sticky lumps or as ^ 
a coarsely ground powder. • 

To manufacture the white substitutes a 
suitable oil, esiweially rape oil, castor oil', 
soya-bean oil, inai/e (com) oil (also sesamd or 
aracihis oil), is di.ssolvcd in carbon tetrachloride, 
in a wooden^- earthemvarc, or enamelled iron 
vessel. While* the oil is agitated sulphur 
ehlondi' is run in, tlie agitation being con¬ 
tinued untjl the mass has solidified. The 
reaction is aeeoinpanjed by evolution of hydro¬ 
gen ^liioride. 

Tlie broM'n subHlitiiies arc manufactured by 
heating oils with suliibur at 100®. In the 
United .States considerable (juaiitities of brown 
,substitutes an^ made from niiViie (coni) oil by 
heating .50 parts of oil at 240®, and mixing with 
it about 20 parts of inclbsl sulphur. 

Ai/ion of nitric and. —Uoncentrated nitric 
acid attacks oils and fats, acting on them 
violently, with copious evolution of red fumes. 
Hot (liiiite nitric .acid oxidises oils and fats 
gradually. Vumhuj niinc acid, in presence of 
concentrated sulphuric acid, rcaiix with linseed 
oil and castor oil to form ‘nitrated’ oils, the 
nature of whi'-b has not ytt been fully investi¬ 
gated, alfliough they have found technical 
apjihcation. 

Nitrated Oils. 

1'h(‘ nitrat.iMl oils arc^viscid liquids, heavier 
than water; tlius the jiroduct obtained from 
linseed oil has the sp.gr. ITjf, that from castor 
oil 1*127. Nitrativl castor oil is insoluble in 
carbon disulphide. The composition of these 
substances is not yet known ; they contain 4-5 
p.c. of nitrogen. Karaples examined by the 
author had high saponification values, varying 
from 278*5 to 280*5. I’he most prominent 
jiroperty of these products is that of forming 
hoiLogcneouf compounds with nitro-collulose.” 
'I’lius a mirturc of 1 jiart of nitrated castor oil 
with 9 parts of iiitro-celluloso yields a product 
rosein^jhng ebonite. Solutions of these com¬ 
pounds in Acetone have been proposed as var¬ 
nishes, as a basis for paint, and for enamelling 
ler tjier. By heating ‘ nitrated oils * at 130®, or 
"by oxidising Jkem witK* lead peroxide, rubber- 
lik«' substances are obtained. 

Action of nitrpus acid .—On treatment with 
nitrous acid the non-drying oils become solid, 
or acquire tile consistence of butter, according 
to the proportion of triol^n (trierucin) they 
contain, trioleip (trierucin) being converted 
fJito the solid isomeKd^ triel^din (tribrassidin). 
Drying and marine animal oils, on the other 
hand, remain liquirl undoF the same treatment. 

The different behaviour of the drying and 
marine animal oils is explained by. the fact that 
while * oleic ’ (erucio) acid is converted by 
nitrous acid into a solid isomeric, elaidio 
(bra8|idic) acid, linolic, linoleuic, and clupono- 
donic acids remain liquid, under the same con- 
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ditiona. Hence the non-drying oila yield solid 
masses, whereas the semi-drying and the drying 
and marine animal oils give more or less liquid 
products, according to the predominance of the 
glycerides of oleic acid. The fact l-hat fuming 
nitric acid has the property of thickening olive 
and almond oils appears to have been observed 
first by Boyle in IGjji. Poutet,in 1819, proiK)sed 
this reaction, known as the elmdtn test, for the 
detection of adulterants iit olive oil. Tl)o test is 
earned out in the following manner (viz. in the 
modification suggested by Archlmtt): 18 grams 
•f mercury are placed in a dry stoppered 50-c.e. 
cyUnder, and 16’b c.c. of nitrui acid, sp.gr. I'^ 2 , 
are added from a bimdtc. The nitrous acid is' 
entirely absorbed with productujp of a green 
coloration; as long as the reagent retains its 
green colour, it is lit for use. Eight grams of the 
reagent are shaken up with 90 grains of ilic oil m 
a wide-mouthed Htoi»percd bottle, plReed in water 
at the required temperature, and again sbaken 
at intervals of 10 minutes during 2 hours. 

In the early liistory of oil analysis, before the 
present seientilie (quantitative) methods {v. 
infra) were loK^wn, this lest afT<*rde(l some 
guidance. Jt was even attemjitt'd to base a* 
classification of the oils on it, but sueli a 
classification must lead to meonelusive results. 
Although this test was somewhat extensively 
practised hero as also in Fiance, it may be 
said to havi- been abandoned in eountiy, 
as the results iiidieated by tlie elaidm tost 
are in every resjieet mueh less valuable th.in 
those furnished by the iodine test. In the 
comparative examination of almond oil and 
its congeners tins test may afford some httli; 
information of a disennnnativc nature. In 
order to obtain tnistwortliy results, it is indis¬ 
pensable to institute sides by side with the oil 
Und(‘r examination, under exactly the same con¬ 
ditions, tests with stanfJard oils of known })unty. 

Action of co7\ccntrakd sidphunc acid. —If oils, 
which, of course, contain glyccridesof unsaturated 
fatty acids, be mixed with the acid very gradu¬ 
ally*, and at a low temperature, glyccndes of a 
complex constitution are formed. The forma- 
lion of those products is indicated by a notable 
rise of temperature. {The antiquated 'Maii- 
men 6 test ’ is based on the measurement of tlie 
.rise of temperature.) Thus, on treating ejive 
oil with concentrated sulphuric Uteid a com¬ 
pound is obtained whidh may 1 * regarded 
(Geitcl) as a mixed glyceride of oleic acid, 
stearic acid, hydrogen sulphate, amf hjWroxy- 
stearic ^d, having the formula— 

C3H6t0Cj8H35()][0Ci8Haj(SO4H)O][O-0i8H3i(O^)O]^ 

This product is very unstable irf the presiyice 
of water. On boiling with water it is rapidly 
decomposed into compounds vfhich foim a com¬ 
plete emulsion with water and fats ; 0 on agitating 
the emulsion witl^stcam, complete hydrolysis 
to glycerol and fatty acids is brought about (^ec 
Saponification). This riwctlbu is employe^j 
on a large scale in the manufacture of Turkey- 
red oils. ^ ^ 

Twrhcy'ted OH, 

Turkey-red oil is a fatty substance used in 
the preparation of the cotton fibre for dyeing 
and printing Turkey-red. The part which the 
Turkey-red oil plays is not fully undeiAood; 


opinions differ as to whether it exercises a 
physical or a chemical*%ction. The advocates 
of the former explanation assume that the oil 
protects the lake formed on the fibre, much as 
boilod^ linseed oil servos to jirotect .a paintoft 
surface. The Mjiporters of the chemical 
theory hold that the Turkey-w-d oil combines 
with alunyna and finally with the coleuring 
matter to form a compound lake. , In those 
cases, however, where chemical combination 
with formation of a lake is excluded on account 
of the chemical constitution of the colouring 
matter, the physieafl theory appears to commend 
itself. Hence Turkey^'ed (ul is not a mordant 
'jumper, but aetsfis a fixing agent in so fg^r as it 
imparts to the dyed fabric a hettePaiid superior 
lustre, wliieh doe.s not belong to the unoiled 
fibre. The sulphoimted oils would ajipcar to 
the author to bo alisorbed by the fibre in the 
same maimer as glycerol (ffom soft soaps) is 
fixed (m the fibre ontwasbiug woollen goods. 

Beloit the process of sulphonating castor oil 
was discoveri'd (1876), rancid olive oil and 
siilphonated oils (such as sulphonated olive oil) 
weie used as Turkey-red oils. At present 
I’uiliey-icd oil i« prc'pared by allowing con- 
lamtiated sulphui le aejil to i un slowly Into castor 
od, v\ith constant stirring, taking care thaW’ho 
t(“in]»eiature of 86 '' ia not exceeded. Jf necessary, 
the mass must be cooled, for secondary reactions 
take place at tempenitdrea above 86 ° with 
liberation of Huliihurous acid. The product is 
I then mixed with a small quantity of water and 
I the ililute acid allowed to settle out as a lower 
i layer, fi’his is drawn off and the oil washed 
j with a solution of Glaulier’s salt, until the 
I washings arc only sliglitly acid. Finally 
ammonia is added, until a sample gives a clear 
solution with a small quantity of water. Some 
; manufacturers use soda instead of ammonia, or 
a mixture of* ammonia and soda. Since tffe 
: sulphonated oil is not completely neutralised by 
alkali, the resultant product still possesses a 
strong acid reaction. • 

Th%portion of sulphonated castor oil soluble 
in water eontams priiieipally ricinoleo-sulphuric 
acid, which is easily hydrolysed to some extent 
by boiling with dilute tcids into sulphuric acid 
‘and ricinoleic acid, whereas another portion is 
converted into inner anhydrides of ricinedeio 
acid. The portion of castor Turkey-red oil in¬ 
soluble in water consists chiefly of free ncinoleie 
acid and small quantities of neutral (uimcted-on) 
.oil, anif also of anliydridcs of ricincdeic acid 
(r/. also Lewkowitsch, Chem. Tech, [iii.j 165 ei 
mi.). 

For a summary of the principal methods of 
analysing Turkey-red oil, stc J. Sc®. Chem. 
Ind. 1912, 81, 105. The standard adopted by 
the American Leather Chemists Assoc, is based, 
on a total fatty cjil content of 70 p.c. • 

At a tempcrattiro exceeding 100° concen- 
trated auljihuric acid reacts energetically with 
^11 oils and fats, partly carbonising them «ind 
h;jdrolysing tiiem, whereby glycerol and sulpho 
compounds of fatty acids are formed. On 
steaming, the latter are decomposed into sut- 
phtrio acid and fatty acids. On this reaction 
is based the ‘ acid saponification * process 
employed in the candte industry {see SaponUT- 
oatijin). 

Dilute sulphuric acid, even at temperatures 
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of 100'^, does not act on oils and fats (Lewko- 
witsoh). 

A dilute 8olutio|i of sulpho-aroniatio com¬ 
pounds (TwitchcU’s reagent) readily 'cffeetR 
<iydrolysi8 of the glycerides {*re Saponifica¬ 
tion). c * 

Action of VydrocMonc ncid. —Hydrochloric"; 
acid exercises a very slow action at tlic ordinary i 
temperat^iro ; at higher temperatures it behavos j 
as a catalytic agent, anrl accelerates considerably 
the hydrolysis«of oils and fats. Obviously,' 
hydrochloric acid dties not take jiart in the 
chemical change, but nu*i*idy accelerates the 
hydrolysis primarily brought about by watei 
(Lcwl^owitsch, J. Soc. ('fiem. >nd. JDbH, 07)* • JS 
a thorough ifiU-rmixture as in an emulsion coubi 
be effccti'd between fat a.nd watiu, bydiolysis 
would proceed mucli uion' rapidly than wa.s 
observed in Tanvkowit.scli'*i ex])ennientH, for it 
has been shown b^ him expei imentally that tlie 
catalytic action ol hydroehlorn- aeid takes place 
even at the ordinary teiujicratuie in course ot 
time. * 

AcAion of fUiuAic <dk(dii> and (dhdinr vniihs.-- 
Caustic alkalis ainl alkaline earths, if tieateil I 
with oils and fats in the ineseiK^c oi water, act' 
in the instance as catalysts luaiging about 
rap/d hyiirolysis of the oils and tats. The free 
fatty acids formed combine will) the caustic 
alkalis and alkaline earths, yiebiiiig as a secondary 
[iroduct soaps of thf^ alkaline metals an<l the 
alkaline earths. On this I'eaction are based 
the great industries of soap- and candle-making 
{see Saponification and 8oai’). 

Action of aniinonia and urooiahc bose.s.— 
Ammonia hydrolyses oils and fats ti» some extent 
if acting under pressure {^cc Saponification). 
Alcoholic ammonia, on prolonged standing in 
the cold with oils and fats, yields amiiles. 

Aromatic hases, such as aiidine. tVc., on 
EKsmg heated under pressure #t reai^t 

similarly *with oils and fats. In the case of 
aniline, the reaction was stated to take place 
according the following cipiation— 

CsH5(OK)gi-3CoTr5.NJr^-()jHt,(OH)3+yC«L,Nnj{. 
But it has been shown that this reaction is un¬ 
workable on a practical! icak;. 

In the case of hydroxylamine, hydroxaniid 
derivatives of fatty acids are obtained, together 
with glycerol, a^is exetnplilied by the foliow^ng 
equation— 

CaHsfOV^a+SNHaOH-CsIIafOlDg I yiUNDHlOH 

SySTEMATIO Jjl.Y^MINATION OF OlL.S AND FaTS. 

The most frequent problem in the examina-< 
tion of or's and fats is to identify a given oil or fat. 
As the natural oils and fats represent a coinjiH- 
cated mixture of not only simple triglycoridos, 
but also of mixed triglyoerides^it is impossible, in 
the present state of our knowledge, to indicate 
a definite course of analysis, applicable to all 
ciicumstaiices, such as is the case iu inorganic 
quantitative and qualitative analysis. Vet, by 
adojiting a systematic plan of examination, it is 
possible, in the majority of cases, to identify a 
given sample of one individual oil or fat anti to 
ascertain whether it is a pure or adulterated 
specimen. In the lattenoase, the nature,of the 
adulterant can generally be ascertained. ^ The 
methods described below may also be used to 


identify a mixture of two or more oils and fate 
and to ascertain the presence and recognise the 
nature of the constituents of the mixture, at 
least qualitatively. Frequently, it is even 
1 possible to determine quantitatively the pro- 
! portion in which the comj)onent parts have been 
mixed. The greater the number of component 
oils and fats in a mixture, the more diflicult 
becomes the examination, ^but if the analyst 
proceeds logii'ally and combines the methods 
(lesenbcd below in a suitable manner, it wjjl be ' 
possible ill many cases to ascertain the composi¬ 
tion oi a coiniilieatcd mixture with such accuraijy 
as suniccs ior technical purjioses. 

If it. be borne in inind that adulteration has 
almost becot)K! a fine ait, and that it is being 
jiractisecl witi ^he full armour (d scientific 
knowledge by exjierts who are frequently some 
years ahead of the knowledge possessed by the 
analytical <i?iemist, it will readily be unfler8t(>od 
tbatithe analyst must selcel siici-ial uielbods and 
te.sls and adapt them to each case. 

A systematic exaininatioii will deal, in the 
fiist instance, with the natural oils and fats 
themselves. The methods a^^o^ied to this pur¬ 
pose may be broadly divided into physical and 
eliomical methods. 

Since all natural oils and fats contain as a 
common constituent the radical glycerol, or 
in other words, Rince all oils ami lats yiebl 
glycerol on saponification, the difference of the 
several glycerides can only be conditioned by, 
or due to, the difference of the fatty acids con- 
tanictl in tlie glycerides. Hence it follows that 
m the second jilace the cxanimation of the 
fatty acid.s themselves will prove of great 
iinjiortance. A section is, therefore, devoted 
specially to the cxatnimUion of the fatly acidii. 

The identification of an oil or fat as a 
I’cycfable or animal oil or fat rests, as ex])lained 
above, on the occurrclice of phytosterol or 
cholesterol in vegetable or animal oils respec¬ 
tively. Hence the examination of the ‘ un- 
sa])omfiable ’ furnishes an excellent means of 
differentiating between vegetable and animal 
oils. From this jioint of view alone, the ex¬ 
amination of the unsaiKmifiablc matter becomes 
a valuable aid in the systematic .course of 
eiaminatioii. Obviously, if a mixture of vege- 
taljle and animal oils be given, ayraixturo of, 

I phytosterol* and eholostci'o! will be obtained, 

1 the resolution of w5iich into its components 
1 may bo required in many cases. Tho oxamina- 
j tion dr tK<* ‘ unsaponifiable ’ becomes, further- 
1 more, most important m those cases in which 
ursaponitiable oils have been, used as ad^ilterunts. 

^ )nc of the most important problems required 
I to^be solved by analysis is to ascertain whether 
a samjilc is pure or adulterated with hydro¬ 
carbons. I’hus *the examination of the un¬ 
saponifiable* matter, provided it exceed 1 or 
at most 2 p.c. of an oil ^ fat, furnishes an 
important clue as to adulteration. It will, 
^,herefore, bo mbst eonvenient to subdivide this 
section under the foUondng three heads:— 

1. ExaminaHon of Oils and Fats. 

IT. Examinauon of Fatty Acids. 

IU. Exa^nation of the Unsaponifiable 
Matter. 

Correct interpretation of indications afforded 
by the following tests and strict logical reasoning 
enable us, in the majoril^y of case^, to narrow 
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down, by a process of elimination, the range of 
possible constituents of a mixture to such an 
extent that the practised analyst will but rarely 
be confronted with the impossibility of arriving 
at approximate accuracy at least. Jn order to 
facilitate the interpretation of the results 
obtained with the aid of the following methods, 
the characteristic values of the most important 
oils and fats are arA.nged in a practically natural 
system in the tables collated at the end of this 
article. With the aid of these tables, it will not 
be ilifficult to identify a sinalo individual. If, 
the course of a commercial analysis, the brails 
of our present kn >wledge have been reached, the 
application of methods that have not yet been 
used for the ease under coiiHi^eration will 
suggest itself. This ha])[)cn.s not*iufr(iqm‘ntly m 
the examination of technical jirodiicts. 

For a number of examples, giving a clue as 
to how oorapbeatod mixtures may lie examined, 
the reader is referred to Lewkowitsoh’s (ilicm. 
Techn. 


I. Examination of Oils and Fats. 

The methods described under this head 
be broadly divided into physical and chemical 
methods. With the jihysical methods may be 
incorporated suitably the so-called orgauolcptjc 
methods, comprising odour, taste, colour, and 
consistence. 

ExamiiuitUm hy Physical Methods. 

Odour and taste are eajiecially cliaractcristic 
of the oils of marine animals. In the case of 
solid fats, a red colour suggests raw palm oil. 
The r.onsisleri'Ce at ordinary temperature gives 
a rapid indication as to whether the sjiocimen 
belongs to oils or fats. In most cases, however, 
these organoleptic methods afford some hclj) 
to the expert only. Tn the case of edible oils 
and fats, odour and tdstc must be considered 
as very important criteria, as rancidity is most 
readily recognised by taste. The following 
physical methods arc of importance:— 

Specific gravity .—The specific gravity of the 
liquid oik is best determined by means of a 
pyknometer or a hydrostatic balance. In fhe' 
case of solid fats, the specific gravity is i^ost 
readily taken at a temperature at ^hich the fat 
is liquid. Suitable temperatures arl 40'' in the 
case of fats liquid at that tempmature. In 
other cases, the determination mt-dc at, 
tomper^uro of boding water. In the tables 
given a\ the end <)f this article, the sjiecilic 
gravities have been adij^d. Speaking gencAilly^ 
it may be stated that the spocifio ^‘avity nuiqber 
does not afford such important information as 
was believed to be the case*at a time before 
the quantitative methods had been worked out. 
Still, castor oil w«i|ild be recognised at once by 
its exceptionally high specific gravity. 

Melting and solidifying —Fats do 

melt so sharply as is the case with chemically 
pure substances. H^ce fa^, if examined in a 
capillary tube, melt^ within several degrees, tlie 
fats softening at first, then meltiqg at the edge 
of the substance, becoming transparent at the 
same time until they are melted completely. 
Therefore, s^rae uncertainty obtains as to which 
temperature should be regarded as the mtliing- 


point. Some observers denote as melting*point 
that temperature at •which the fat which 
has been allowed to sonyify in a small tube 
oj)cn ’at both ends softens sufficiently to be 
driven up hy the hydrostatic pressure of watem 
Others, again, degote that tcmpi^rature as the 
melting-point at which the fa^. drojis off the 
mercury bulb of a thermometer, whic^i has 
previously %cen dip})ed into the melted fat and 
allowed to cool. Hence, it is inrperativelv 
nocessary to state m each cascjiy uhat method 
the melting-point 1ms been dcieimincl. it 
is, theref«U’c, ouRt<»iiarv in coinnicree to airrcc 
between buyer and seller as to the inclliod. 

important W) notf- that the freshly melted 
sample does not mdieate the ftiie meltitig- 
pomt, winch is only ascertainable after the 
Ham])le has been kept for 24 hours. In the 
eas(‘ (*f o.xein) buttof, even an interval of two 
or more days is requiretl. Tlie melting-points 
of most fats are giv^m m the tables at the end 
of this article. It may be jiomted out that, 
as a rule, it m preferable to •determine the 
solidifying-jiomt of the fatty acids prepared from 
the oils ami fats (r. infra). 

Refractive index .—The determination of the 
refraetive imlex—which can be earned out in a 
very simple ami rapid niunner, thanks to^the 
construction of the, oleorefraclomcter by Amagat 
and .bsan, and especially that of the butyro* 
rofractometer by Zeiss- llirma one of the sira- 
jilest preliinmary tests m the examination of 
oils and fats, ami especially in the examina¬ 
tion of butter fat and lard. Owing to the ease 
and lapidity w'lth which this ‘characteristic’ 
can be dotermiiied, the objections previously 
raiscnl against observations with the aid of an 
ordinary refractometer have given place to a 
Avidely held over-estimation of the importance 
of this tost. The observer should, therefore, be 
w'arncd auaiifct jilacmg too much reliance •n 
the indications of the refractometer and, as stated 
already, should only consider it as a preliminary 
tost, the indications of which must supported 
and cu^oborated by other methods {cf. Lewko- 
witsch, (’horn. Techn.). 

Thus, in the case of butter fat, a glance at a 
sample in the refractoiieter may decide whether 
' the Hjiecimen is grossly adulterated or not. But 
if the number be only .slightly abnormal, or even 
ifgjo-called ‘ normal numbers’^lavo been found, 
the purity of the specimen is not yet proved, m , 
it is easy, e.g., to prepare siiecirnens of margarine 
containing coconut oil which show the same 
refraction as a normal butter fat. Even if 
abnormal numbers have been 'Obtained, this 
would not prove adulteration. It would be 
entirely erroneous to look upon th% refracto- 
metric metliod as permitting the identification 
of an oil or fat. Equally erroneourfSvould be the 
attempt to deduc^ quantitativeinterprekitions os 
to the proportion® of an adulterant- from the 
deviation from normal numWs. The refractive 
,indices of most oils are contained in the ta4>]e& 
at the end of this article. By comparing these 
numbers with the iodine values, it will be 
gathered tliat there is a certain, although hy 
iioi means definite, correlation between the re¬ 
fractive indices and the iodine values. For the 
description of refractemeters, see Lewko^itsch, 
Chem. Techn., and art. Kbfractometee. 

Uoiatory power. —The determination of the 
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rotatory power has not boon practised exten¬ 
sively in the cxamiaati|ft of oils and fats for the 
reasons stated aboijo. Since, however, oils 
belonging to the ‘ Ohaulmoogra group ’ c'an be 
illentified readily—and indeed have been the 
moans of identifying the ‘ Cardamom oil *—(see | 
Chaulmoogra *oil GRorr) the polarimetric i 
method is destined to lind a wider apnheation. ! 

Soluhilfty test. —Almost all oils and fats arc 
easily soluble in the usual organic solvents; 
hence the solubKity test has little importance. | 
Only castor oil is distinguished from all other 
natural oils and fats by its •ready solubility in 
alcohol (.tcc Castor oil).. 

Examination by Chemical Methods, 

The most important chetiiical methods em¬ 
ployed m the exaivination of oils and fats have 
for their object the determination <)f certain 
numerical values which depend on tlie nature 
of the fatty acids occurring in the oils and fats. 
These numbers represent only a measure of 
the amounts of the several fatty acids or fatty 
acid groups present in the oils and fats, without, 
however, expressing their absoluU' quantity. 
Hence these methods have been suitably termed 
‘ quttntitative reactions.’ In addition to these 
quantitative reactions there are also at the 
disposal of the analyst a numiier of ‘ qiiahtativc 
reactions.’ 

(a) Quantitative Methods. 

The numerical values which are ascertained 
by means of quantitative methods are divided 
by the author into two classes. 

(a) ‘ Characteristics,’ t.c. those numbers 
which depend entirely on the spocifie nature of 
an oil or fat and hence assist most materially 
in^ldentifymg a given oil or fat. 

{b) ‘ Vffriablos,’ i.c. those numliers which 
allow us to judge of the quality of a given oil or 
fat. These,numbers naturally vary with the 
state of purity, rancidity, ago, etc., of y given 
specimen. 

The characteristics Mill be considered under 
the following heads: 

(1) Saponification Value. 

(2) Iodine Value. 

(3) Reichert fUeichert-Meissl or Roieheft* 

» Wollny) Value. 

The variables will comprise: 

(1) Acid Value. 

(2) Am6unt of Glycerol, expressed in per 

cent. ^ • 

(3) Amount of Unsaponifiable Matter, ex¬ 
pressed inr-per cent. 

Midway between these two classes stands 
the ‘ acetvl value ’ which, in some cases, must 
be considered a ‘ characteristic,’ whereas in 
other cases it is a ‘ variable.’* 


(A) Characteristics. 

1. Saponification Value. 

The saponification value indicates the numfier 
of milligrams of potassium hydroxide required for 
the oemplete saponificatidh of one grt^m ofo-n oil 
0 ) fat; in other words, it represents the amnunt 
of potassium hydroxide, expressed in tenths per 


cent., required to neutralise the total fatty aoids 
in one gram of an oil or fat. 

The saponifioation value is determined os 
follows:—Weigh off accurately, in a flask 
holding 150--2(K) c.c., 1*6 to 2 grams of the 
jiurified an(l filtered sample. Next run into 
the flask 25 c.c. of an approximately semi¬ 
normal alcoholic solution of potassium hydroxide 
measuring it off by moans df a pipetle. It is 
not necessary to add* exactly 26 c.c., but care 
must be taken that for each determination 
precisely the same volume is used. Then attach 
a long cooling tube or an inverted condenser tg 
the flask, and heat on the boiling water-bath for 
half an hour so that the alcohol is kept simmer¬ 
ing ; ill order to accelerate saponification, the 
: contents should mixed by imparting to the 
j flask a rotatory motion. When the saponification 
; IS deemed to be complete, allow the solution to 
[ cool a little, ftdd 1 c.c. of a 1 p.c. phenolphthalein 
! solution and titrate back the excess of potassium 
hydroxide with scnii-normal hydrochloric acid. 
In case too much alcohol has been volatilised, it 
is advisable to add some alcohol (previously 
neutralised) or to add normal q,<;id at first and 
'..0 complete the titration with Semi-normal acid. 

It 18 necessary to make a blank test by 
treating the same amount of alcoholic potassium 
iiydroxide in exactly the same manner as is done 
with the sample. 

Example .—Weighed off 1'632 grams of olive 
oil, and saponified with 26 c.c. of alcohohe potas- 
SI um hydroxide solution. Required for titrating 
back 12'0 c.c. semi-normal acid; further, re¬ 
quired for the blank test, 22‘6 c.c. of the same 
acid. Therefore a quantity of potassium hydro- 
^ (22-5-12-0 lO-OSei 

xidc, corresponding to ' 2' ' 2**^*^^® 

s=294*6 milligrams K.OH was employed for 
saponification. Hence, used for 1 gram of fat 

KOH=102'2 milligrams KOH, 

The saponification yalue of the sample of olive 
oil is, therefore, 192‘2. 

The saponifioation values of neutral glycerides 
(esters of fatty acids) vary, of course, with 
the nature of the fatty acids; the lower the 
ruqlecular weight of the fatty acids ^r, what 
amounts to the same, of the esters), the more 
potirssium hydroxide will be required to neu¬ 
tralise the ^^tty acids of 1 gram of oil or fat, or, 
m other words, the hi|hcr will be the saponifica¬ 
tion value^ To iUustrate this more clearly, the 
saponificatidn values of some pure triglycerides 
are subjoined in the table on next page«^ 

It will be gathered from the num^re given 

the tables at the end* of this article that the 
saponification Values of the majority of natural 
oils and fats lie i^ the neighbourhood of 193 to 
196. In the case of unknown samples, wide 
deviations frLm this nuipber in either direction 
will at once enable the anidyst to single out 
individual oils or fats. Thus, oils belonging to 
U e rape oil group characterised by a con¬ 
siderably lower saponifilation value, viz. about 
175: The lower s^ponifioftion values of these 
Oils find their explanation in the large proportion 
of erucin they contain. In the case of castor 
oil, the lower value is due to the presemSS*^ 
hydroxylated fatty acids. 

On the other hand, large deviations in the 
oppos*lte direction onabln us to singl out a 
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Triglycerides 

Simple Triglyceridca— 
Acetin 

Butyrin . 4 
Valorin 
Caproin 
•Caprylin 
Oaprin *. 

Laurin 
Myriatin 
Balinitin 
Stearin 
Olein . 

Linolin 
Hyduocarpiu 
C’haulnioogriii 
Liiiolenin . 
Clupaneddiiin 
llieiiiolein . 

Araeluii 
Eruoin ^ 

Ccrotin 
Mehssin 

Mixed Triglycerides— 
Oleedipalinitin 
(Uipalrnito-olein) 
Stuarodipaluutm . 

(Dipalmitosteann) 
Oleopalmitoateann 
(Stoaropalniito-olein) 
Pulmitodistoarin . 

(Distcaropalnutin) 
Oloodistearm 
Bioleostearin . 


03 H 5 ( 0 -CjH, 0 ), 

C,H5(0-C.H,())3 

0,H5(0-C5H,0), 

C,H5(0-C,H„0), 

(!jH,(0C,„H„)0, 

0aH5(O‘0iaH23)D;i 

(!,,H5(0(;„n2,0), . 
(:3ii,(0-c..it,i0)* 

,<))., 

C3ll8(0'C,8H3,())3 

<aH3(0-('isII3:,<>2)3 

EjDciD't 30^6*^);, 

(;3lIs(*>-'-'i6ll3.0).(0-(:jeH330) 

^'3H6(D'(-\bH3i0)3(0'C'jbTI330) 


f,ll5(0-0„U330)3(0-C3,U330) 

C3Hb{O'(:„H33O)(0;C„H33O)3 

I' 3 H 3 ( 0 'Cigll 3 a 0 )i( 0 '(- 


hence render their 
•iy easy task. Thus 


number of oils and faJs, and 

recognition- a coni]>aratively easy ........ 

the high saponilieation valug of the fluid portion 
of dolphin and porpoise oils are indicative of a 
high proportion of lower fatty acids. A pro¬ 
minent example of a fat having a characteristic¬ 
ally high saponilieation value is butter fat; , 
hence bwthe saponification value alone, butter 
fat can be differentiated from margarine, .jligh] 
saponification values are also chyactenstac of 
fats consisting preponderantly of dyceridcs of 
myristic acid, and especially of the members 
of the coconut oil and ‘ilka fat groups. 

If mineral oils or other unsapiWlfiaBle sub-- 
stances^rc intermixed with the fatty substances, 
it is obvious that the indications furnished by 
the saponification valuae alone would, if aceSpted 
without any further investigation, be entirely 
misleading, since the unsajioniflable matter 
depresses the saponification value. Thus, to 
take an example, an oil having the saponification 
value 193, if adulterated with 10 p.c. of mineral 
oil, would show a saponification value of about 
176, and might, therefore, be mistaken for*a 
rape oil if no further tefts were applied. 

If colophony (roshi) be dissolved in the fatty 
sabstance, the saponification value will remain 
unaffected, provided rosin of about the same 
saponification value be used. With a rosm of 
a lower saponification value than that of the ojl 
or fat, the*saponifioation value of the njixture 
would, of course, ho somewhat depressed. 



Molecular 

Saponifica¬ 


weight 

tion value 

II 

• 




2lS 

772 0 


302 

667-3 


344 

• 489-2 


3Sli 

' 436-1 


470 

368-1 


.''>54 

303-7 

* 

638 

263-8 

- • 

722 

233-1 

• 

806 . 

298-8 


890 

189-1 


884 

190-4 


%Ti 

191-7 

« 

J94 

211-9 


878 

191-7 

• 

872 

193-0 


866- 

194-3 


932 

180-6 


974 

172-7 


1002 

160-0 


1226 

. 137-3 


1394 

120-7 



• 


832 

202-3 


834 

201-8 

18^136^) 

860 

105-7 


862 

195-2 


888 

189-6 


886 

189-9 

2. Iodine Value. 

. 


The iodine value inuicai-cB vutj v*. 

iodine chloride absorbed by an oil or fat, ex¬ 
pressed in terms of iodine. Theoffetically, the 
acids Sbhmging to the oleic and rioinoleic series 
should absorb two atoms of chlorine or iodine, 
or one molecule of mdoehlonde. Hence the 
glycerides of these acKW should absorb six atoms 
of chlorine or iodine, or three molecules of iodo- 
chloride. Similarly, the acids of the linoUc 
sfrics should aasimilato four fttoms of halogens^ 
or two molecules of iodochlorido; whereas tne 
membars of the chaulmoogric series would 
assimilate only two atoms of halogens or one 
molecule of iodochloride, on account of the 
cyclic arrangement of some carbon atoms; 
the members of the linolenic series sir atoms of 
halogens or three molecules of iodochronde, and 
the members of the clupanodonic series eight 
atoms of halogens or four molecules ^of lodo- 

chloride. ' , , a j vi 

These rules apply, however, only to doubly- 
linked carbon atobis. Trebly-linked paire of 
' carbon atoms, the occurrence of which m fatty 
acids (and hence in natural oils and fats) has 
not yet been definitely ascertained, do not absof b 
the theoretical amount of halogens. 

’The determination of the iodine value was 
introduced into fat walysis by von Hubl and 
is carried, out either in the manner indicated 
I originally by Hubl or in the modification pro- 
1 posed by Wijs. The author’s experience leads 
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him to rooommend the latter modilioation as 
more convenient and trustworthy. Since, how¬ 
ever, Wijs’ inetliod not yet been universally 
adopted, both methods wdl bo described hero. 

« H'uhVs method ,—From 0-15 to 0*18 gram of a 
drying or a marine animal oj1,/)-2-0'3 gni\n of a 
Homi-drying oi!,,()*3-0‘4- gram of a non-drying 
oil, or ( 1 * 8-1 •() gram of a solid fat. is weighed 
off accurately, and i>laeed in a bottle of .'HK)- 
800 c.c. capacity provided with a well-ground ; 
stopper. 'I'ho weighing off is bi'st done in a ; 
sinull weighing bottle, t-he cork of which is litted j 
with a finely drawn out tok' so that a ci'rlain i 
number of drops ot an oil or of a ])ieviously 
melted fat can be easily laKentmt with the jvdi 
of an nidia-rnbber tube fixed on the fop. Tin; 
fat i.s iliasolved in Itt c.c. of (■hloroform, or carbon 
tetrachloride, and 25 c.e. of an ‘ lodme solution ’ 
are run in from a pipette r^l’his iodine .solution 
is prepared by dissolving 25 grams of |>ure iodine 
on the one hand, ami 3t), grains of mercuric; 
chloride on the tither hand, in 501) c.c. of 1)5 p.c. 
of alcohol, ihrth soiutioii.s arc kept separate 
and the quantity recjuired for an estimation 
must have been prepared 24 hours ludme by 
mixing equal volumes of the two sohition.s. 
The mixture must not be us<*<l immediately 
after preparation, since tlie solution ol lodo- 
chlorido rapidly changes its titre after jinqiara- 
tion. Althougli even aftei’ 24 liouis’ slandiiig, 
the mixture still shAvIy ehange.s its litre, it 
remains sufficiently constant during an estima¬ 
tion.) 'i’he jupette is always eiiii»(ied in the 
same manner: tliis is best ilom; by allow¬ 
ing it to drain until tw».i or tliri'c (lro])s have 
run out. In order to jiieverit loss of iodine 
by volatilisation, it is advisable to moisten the 
stiqiper with pota.ssiuni iodide solution. The 
solvent and the iodine solution should give a 
clear solution on shaking, otherwi.se more 
HUivent niuat be added Tin* ledtie is tlicn 
allowed tofcstand in a dark jilaec. Should tlu* 
deep brown colour ol the solution disapjx'ar 
after a shorj turn*, another 25 c.c. of tlic; iodine 
solution must be run in, an excess oi-ifahne 
being essential for the reaction to become 
complete. The solution, «nfter tv'o hours, must 
still exhibit a dee]) browin colour. Most of tlic 
i(»dine is absorbed <luring the first two hours. 
Till' reaction then slows down ; it cannot be 
considered compl^'te in less than six to eig^it 
^h^)ur.s in the case of solui fats and non-drying 
oils, and twelve to idghteen hours in tin; case of 
drying ofts and fish oils. 8 emi-dr,iAg oils 
require 8 trt 10 hours. After standing for the 
requisite number of hours, from 15 to 2t) c.c. of 
a 10 p.c. jiotassium iodide solution are run in. 
the liquid^s well shaken and then diluted with 
400 c.c. of water. The appearance of a red 
precipitate of mercuric iodide at this stage would 
indicate that an insufficient amojint of pota 8 .siura 
iodide had been employed^ therefore more 
must be added. The exce.s 3 of free iodine, part 
of wihich will be in the aqueous solution, whereas 
the remainder is dissolved in’ the solvent, is 
titrated .with a standardised thiosulphate sohi*- 
ti^n by running the latter into the bottle until, 
after repeated agitation, both the aqueous aid 
the chloroform (carbon tetrachloride) layers are 
but faintly coloured. A drops of a search 
solution are next added and the titraimn is then 
brought to an end. Immediately before or alter 


this titration, 25 c.c. of the original iodine solu¬ 
tion are standardised in exactly the same 
manner. The difference ’between the two 
results corresponds to absorbed halogen, and is 
calculaled ip terms of iodine to units per cent, of 
the samjile. The number thus found is termed 
the iodine value. 

Example .—Weighed off 0^1204 gram of lard, 
dissolved in 10 c e. of earimn tetrachloride, 
added 25 e.e. of iodiiA‘ solution, w'hieh required 
in a blank experiment ()<)*b c.c. of thiosidpi’ate 
.soluti«iTi, 16*45 c.c. of which wu’C equivalent to 
0*2 gram of iodine. For titrating back tht 
execH.s of iodine in the estimation, theie were 
re<]uired 20 *(> c.c. of thiosulphate solution 
lienee, tin; ,:ibHorhed iodine corresponds to 
fiO'D-llO'b 21 *S c«e. of tliio,sulphate solution. 

Since 16 45 c.c. of thiosulphate solution are 
ecjuivaleiit to ()*!l gram of iodine, 21*3 c.c. 
coircs])oud 0*2586 gram of iodine, 

lienee 0*21164 gram of laid absoih.s ()-2586 gram 
of iodine, or 100 grams aliHoio (> 31^94 
--76*28 grams ol iodine. Th^odine value of 
f*.he lartl is, therefore, 76*28. 

(With regard to t he theory ol the complicated 
eliemical reactions neeurnng m Hlibrs solu¬ 
tion, r. Lew'kowitseh, ('horn. Techn.) 

method .—'rhe solution required for 
VVijs' method IH jirejiared by dissolving separately 
7’6 grains {tin; theoretical figure is 7*6617) of 
iodine trichloride and 8*7 grams (the theoretical 
ligiin; 1 ft 8*6070) of iodine in glacial aeeiie acid 
on tlie watei-bath, taking e.tre that the solu¬ 
tions «lo not alisorb moisture, ddie two solutions 
are then poured into a 1000 c.e. flask, and the 
flask is filled ii]) to the mark with glacial acetic 
acid. 

A ehcajier W'ay of jirepaiing the solution is 
' to tlissolve 13 grams of loi^mo in a litre of glacial 
aeetk; acid, then to determine accurately its 
content of iodine, and to pass washed and dried 
chloiino gas throifgh the solution until the 
titre of th(* original iodine solution is doubled. 
A little experience will readily show when this 
point IS reached, as n very distinct change of 
colour takes ]>lace w hen all the iodine ^lias been 
'xxnVvei’ted into^dino monocbloride. 

The glacial acetic acid must be pure, and 
should be t^U'A by heating with potassijim 
dichromate*‘aiid conc#^ntrated suljdiuric acid ; 
even aftei’ prolonged standing a green tinge 
.should «iot«ue noticeable. 

The iodine value is determined in exactly 
tlio samt; manner as described abovoe^or the 
Tiubl solution. It is, {lowever, preferable to 
use carbon tefjvachioride, since chloroform fre¬ 
quently contains alcohol. Wijs’ iodine solution 
t can bo used immediately after pre^iaration and 
: possesses thq great advantage over Hiibl’s 
i solution in that it keeps fts s^ength unchanged 
i for a co^iderable length of time. Hence, in 
I ojdiuary work, a^bla^ik test is not required in 
^each case, and the determination of the iodine 
value can be carried out ^Imost as rapidly as 
the determination &f the saponification vajue. 
Wijs’ solution has the further advantage that 
in the ease oil fats and non-drying oils the 
absorption of iodochlqride is complete after 
half an hour, in the case of semi-drying oih 
after nbout I hour, and in the case of drying 
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oiIb and mariue animal oils in from "2 to 6 hours, 
according; to the unsaturation of the glycerides. 

The iodine value is onoof the most important 
characteristics in the analysis of nils and fats, 
as this number ]icrmit8 us to clnssif;^ the oils and 
fats in a practically natural system. This will 
be gathered from an inspection of the tables 
given at the end of this article. 

If a given sanf^do of oil or fat contains the 
glycerides of one unsalsiratcd fatty acid of 
known composition in admixture with glycerides 
of saturated fattv acids, it is possible'to calculate 
^he absidute amount of the glyceride of that 
uneaturated fatty acid. In cases of this kind, 
the following tabic will be found useful. It* 
will also guide the analyst as to the direction 
which further research shouljl %atie in the casi' 
of samples ol unknown composition, Avhen, ot 
comae, the ]jroportion of glycerides ot iin* 
saturated fatty acids cannot be cahuilateil fnun 
the iodine value alone. « 


Iodine Values of Unsatuuated FATT^ Acnos 

ANT) OF THEIR 'I’KIGLYCERjDES (Lowkowit.scll). 

• 

alue oi 
'I'rlglvcc- 

llilc 

225-44 
12U 57 
106-42 
05-25 
95 07 
HO 2(1 
72 43 
173 5H 
80 70 
202 15 
351-O^) 

8J 76 


31 59 
30-53 

20 35 ’ 
28*00 
58*00 


Acid 


TigUc 


Ilypogaeic . f 

Phyactolcic . ( 

Hyilaucarpic 
Oleic . . I 

llapic . . ( 

Frucic 

Llhollc. . j 

’rarli'ic. . ( 

t^iaulniooanc 
liinolculc . f 

isoUnoIcnlc^ ( 
Cliipanodonic 
Kicinolclc . 


Mixed Triglyctri- 

U('s— 

Myriatupiiliiii- 
to-oldii. 
OIoodij»aii)iitni . 
Oleoptttaiito- 
stcarii) 
Olfodlstcjiriu 
Dioleostcariu . 


FoilliUla 

i loUiiio \ 

FjU.Oi 

1 Fatty uL'ul 

254 (»() 


128 28 

11239 


100 00 


100 79 


9007 


7515 


181-42 

‘bsVairO. 

no 71 


274 10 


568 11 


85-23 



_ 

— 

_ 

_ 

— 

— 

—• 

“* 


3. Reichert {Rcichrt-Mcisd, litidiffl-^olhuj) 
Value. * 


The* Reichert (or Reichert-Meissl) value 
indicates the number^of cubic oentimetrsH oi 
decinormal potash or soda solutien requisite for 
the neutralisation of that portion of t he soAible 
volatile fatty acids which is obtained from 2-5 
(or 5) grams of an oil or fat by th^Reichort dis¬ 
tillation process. * 

Reichert, -who originated this method, used 
2*6 grams of fat. Moissh^as Also Wollny, Trfl* 
posed 6 grams, which is^iow generally employca. 
It must, however, Jae pointed out that the 
Reiohert-Wolhiy value is not twice the Reichert 
value, but usually ^*2 times the Reichert value. 
Since WoUny’s process has been*adopted by a 
Joint Committee of the Government Laboratory 
and the Society of Public Analysts as the 
standard itfethod for the determination of the 


soluble volatile fatty acids in margarine and 
butter the Reichert*Wt^ny'process alone will 
be described. ^ 

Iftnchert-WoUuy process .—Five grams of 
Iiquelied fat are iniic)durcd into a 300 c.c. tiaik 
of till' form slu^-ii in Fig. 3 (length of neck 
7-8 ems., width of neck 2 cins^- Two c.c. of a 
sodium hydroxide solution, ju-qiarccl by ijissolv* 
ing OH p.c*Modjum hydroxide in an equal weight 
of wfator—jirotected from tlic action of atmo¬ 
spheric (iarbon acid—and IW c.c. of (about 
00 j).o.) alcohol arc added, and the mixture is 
heated for 16 minutes under a reflux condenser, 
connected with the flask by a T*pieco, in a 
bath contaimngi boiling water. The alcoliol is 
eva])ora(cd ofl by heating the» flask on the 
water-bath for about half an hour, or until the 
soap i.s dry. Une laindred c.c. of hot W'afer, 
which has heen kj])t lioihng for at least 10 
minutes (to drive out all’dissolved carbonic 
acid, the i-ctentionvif whicJi would vitiate the 
resiiK), are addl'd, and the, flask is heated until 
the soap is ilissuJvod. Forty* C.c. ol normal 



sulpliuric acid and three or four fragments of 
pumice or broken pijic-.stcms are added, and 
the flask IS at once c<3iiiiectcd with a condenser 
by moans of a glass tube, 7 inm. wide, and 15 
cniH. from tlie tuj) of the cork to the bend. At 
u^distance of 6 cms. above yie cork is a bulb 
5 eras, in diameter. The flask is supported on^^ 
circular piece of asbestos, 12 cms. in diameter, 
having a hole in tlic centre 5 cms. in'* diameter, 
and is first heated by a very small flame, to melt 
the insoluble fatty acids, biit the heat must 
not be so great as to cause the liquid to boil; 
when fusion is complete the lieat i^increased, 
110 c.c. are distilled off into a graduated flask, 
the distillation lasting about 30 minute^ (from 
28 to 32 minutes); the distillate is*shaken, 
100 c.c. are lilteW off, transferred to a beaker, 
0-6 c.c. of phem»l])hthalein solution (1 gram in 
100 c.c. alcohol) is added, and the filtrate is 
titrated with decinormal soda or baryta solu¬ 
tion. In precisely the same manner (with the 
same reagents), a blank test should be mado, 
aivl the amount of decinormal alkali required 
to neutralise the distillate ascertained. This 
should not exceed i)’3 c.c. The .volume of 
dcciuonmd solution of alkali used, less the figure 
obtained in the blank experiment, is multiplied 



668 


OILS (FIKED) AND FATji. 


by 1*1. The number so found is the Rcichert- 
Wollny value. ^ * 

The Reichert-Meifisl value (see tables at the 
end of this article) is practically identical -with 
the Reichert-Wollny value. The Reichert* 
Mcissl value of the majority of oils and fats, that 
is of those the saponification value of which is less 
than.200, is below 0*5. All oils and fats the 
saponilici^ion value of which excelds 200 arc 
characterised by Keichert-WooUny values ex¬ 
ceeding 1*0. The Roichert-Meissl value furnishes 
important indications regarding the nature of an 
oil or fat; thus butter fat fe most promineiitly 
characterised by its hig^ Roichert-Meissl value 


palm-kcrnel oils in butter fat and in margarine, 
it is now in general use. , 

Polcnsko saponifies C grams of filtered 
(butter) fat, by the Leffmann-Beam process, 
with 20 grijms of glycerol and 2 c.c. of sodium 
hydroxide solution (proiiared from equal parts of 
sodium hydoxide and water) in a 300 c.c. flask 
by heating over a free flame. The solution is 
allowed to cool below 100®, ^0 c.c. of water are 
added, and the mass dissolved by warming on 
the water-bath to about 60®. The 8olq,tion 
must be clear and almost colourless. Should a 
brown solution be obtained, the test must bp 
rejected. Fifty c.c. of dilute sulphuric acid 


of abqjit 27 to 20; the fats •belonging to tfie#'(containing 25 c.c. of pure concentrated sul- 


coconut oil group by Roichert-Wollny values 
of 6 to 8, and doljihin and jiorpoise oils by 
Roichert-Meissl values varying from 47 to J20 
(see tables at the end of th’s article). 

Leffmann and jficam proposed the method 
saponification wdth a concentrated solution of 
sodium hydroxide in glycerol. 'I’his pr(»ccss is 
convenient owihg to its rajudity, and has there¬ 
fore been introduced by Polenske in the exami- j niu.Kt be supjihed at 
nation of buttf^r fats, suspected of being ndul-1 such a rate that the 
terated with coconut oil. The method is earned i^di.stjllate does not 
out as follows: 6 grams of butter fat arc iilaccd ; drop into the 110 c.e. 


phurie acid jn 1000 c.e.) and some pov'dered 
jmmicc arc adi^etblo the Iiot soap solution ; the 
flask IS then immediately attached to the con¬ 
denser. Tht; ajiparatus to be eniployiHl must 
correspond <n all details with the dimensions 
givef ill Fig. 4. The heat must be so regulated 
that ivilhin 11) to 20 minutes 1 iO c.c. arc distilled 
ill; lliecooling water 


in a, 300 c.e. flask and boated with 20 c.e. of a 
solution of sodium hydroxide in glycerol (jiie- 
pared by dissolving 100 grams ot sodium hy¬ 
droxide jn an ccpial w'^eight of water and mixing 
20 c.c. of this solution with 180 c.c. of pure 
concentraU‘d glycerol) over a naked flame for 
2-3 minutes, until the whaler has evaporated off 
and the liquid has become clear. The values 
obtained by ]./efImann and Beam’s methoil are 
practically identical with those furnished by the 
Roichert-Wollny process, as the author can 
testify from his own exjioriencc. 

It must bo distinctly understood that by 
tHo Reichert method only a portion of the 
volatile fatty acids is recovered in the distilla¬ 
tion process. The volatile fatty acids passing 
over consist, in the case of butter fat, in the 
main of butyric acid with which caproic, o 'prylie, 
and capric acids are admixed, in the case of 
coconut and palm-nut oils, butyric acid is 
absent, caproic and carpy.ic acids pi”cj)ondcrating 
in the distillate. By filtering the distillate,'] 
caproic, caprylic, and capric acids are removed 
to the largest extent and arc thus not account' d 
.. fcir in the Reichert-Wollny value. 

Both ^untz and Coudon in France and 
Polenske in Germany extended Ihe Reichert 
process by introducing a method for the approxi¬ 
mate determiiiation of the inaoluhle volatile 
fatty acids which pass over in the Reichert 
distillation process. Thus, after the Reichert- 
Meissl value has been determined, subsequently 
a second important value, aflording a measure 
of the insoluble volatile acids, mqy be ascertained. 

In the determination of this new value, the 
greatest attention must be paid to minute 
details and espeoially to the form of apparatus, 
employed. Whereas Muntz and Coudon’s ap¬ 
paratuses confined to France, Rolenskc’s method 
hws found application in this country, especially 
for the reason that this method closely followed 
the Reichert-Wollny process, and is in fact 
carried out in ooujuncticn with it and ip one 
and the same apparatus. As this method a%rds 
one of the host means of detecting coconut and 
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llaslv at a higher 
temperature than 20® 
to 23®. Ah soon as 
110 c.c. have disUllcd 
over, the distillation 
IS int(;rruptc(l, the 
flask IS removed, and 
IS replaced by a 20 
c.c. measuring cylin¬ 
der. 

The distillate, 
which must not be 
shaken up, is im¬ 
mersed almost com¬ 
pletely in water at 
15®. After about 5 
minutes the neekVif 
the flask is slightly 
tapped, so that the 
oily drops floating on the surface may adlicro to 
the walls of the flask. After a further 10 minutes, 
tbb consistence of the insoluble acids is noted, 
with a view to ascertaining whether they form 
a solid (soifll-soUd) mass or oily drops. The 
contents of^the flask die then mixed by turning 
the corked flask four or five times ujMiide down, 
avoiding, %riwever, violent shaking. 100 c.c. 
are filtered ofi through a filter of 8 cma. <Bameter, 
and titrated with decinormal caustic p^asb, as 
cs dene in the detormiration of the Reiobert- 
Mewsl value. * In order to remove the soluble 
acids completely, the insoluble volatile acids on 
the filter are washed three times in succession 
with 15 c.c. of water, which have been passed 
severally through the tube ot-^^he condenser, the 
20 c.c. measuring cylinder, and the 110 c.c. 
fi jisfi:. These waSh-vnaters ere thrown away. In 
order to collect the ^osoluble volatile acids 
adhering to the ^ube of the condenser, the 
measuring cylinder, and the 110 o.o. flask, 
these vessels are rinsed three times in succession 
with 15 c.o. of neutralised 90 p.c. alcohol, and’ 
the aloohoUo washes poured through the filter, 
each quantity being allowed to drain before a 
fresh tVash is poured on the filter. Ihe alcoholic 
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filtrate is then titrated with decinormal alkali. 
The figure thus obtained has been termed ‘ new 
butter value’ or ‘Polenske value,’ but the' 
author prefers the term titration number of 
inaolubh volatile acids, a term which has b^n 
adopted in Franco and Belgium. The titration 
value of the insoluble volatile acids lies in the 
case of butter fats §s a rule between 2 and 4, in 
the ease of coconut oil between 15 and 20 , and 
in the case of palm-kemef oil between 10 and 
12. »(For a full discussion of this ‘.value,’ see 
Lewkowitsch’s Qbem. Teclm., and for its rela¬ 
tionship to other te^s, see Margarine.) 

Acetyl Value. 

Tlio acetyl value indicates tjif number of 
milligrams of potassium*hydrbxide (KOH) re¬ 
quired for the neutralisation ol the acetic aoid 
obtained on saponifying one gram <4 an acetyl- 
ated oil or fat. 

The determination of the acetyl value o? oils 
and fats is based on the principle that glycendca 
containing hydroxylated fatty .acids assnml.itc, 
on being heatpd with aceti<! anhydride, one or 
more acetyl according to wlicther the 

fatty acids contain one or more 
hydroxyl groups. The chemical change con¬ 
sists in the replacing of the hydrogen atom of 
the alcoholic hydroxyl group or grou]>s by the 
radicle of acetic acid, as explained by the follow¬ 
ing equations :— 

CaH5[0 •('„ H,,0(0H)]H-SiCjH :,0 ),0 
Ricluolein. Acetic anhydride. 

=(!3lUO-0„H,,O(O-C,U3())L + 3X',H,O, 
Acetyl ricinolein. Acetic acid. 

C3H,1()-(!„H„()(0 H) J3+(!(U,H,,0),0 
Satlvlu. Acetic anhydride. 

=03H,LO-C„H„()-(0-C,H3()),],+(>H,0 

Tetra-aoetyl sativln. 

The deti^rmination 7)f the acetyl value (first 
, proposed by Bcnedikt) is earned out in the 
form given to it by Lewkowilsch : 10 grama, or 
any other convenient quantity, arc boiled with 
twice the amount of acetic anhydride for 2 hours 
in a round-bottomed flask attached to an in¬ 
verted condenser. The solution is then trans¬ 
ferred to%a beaker of about 1 litre capacity, 
mixed with 500 to 600 c.c. of boiling water and 
heated for half an hour, while a slow current of 
carbon dioxide is passed into the liqyd through 
a finely drawn-out tube Caching nearly to the 
bottom of the beaker; this is done to prevent 
bumping. The mixture is then ^o\^d to 
separat^into two layers, the water is siphoned 
ofC and\he oily layer again boiled out in the 
same manner throe suoieseive times. The^last^ 
trace of acetic aoid is thus removed; thi| is 
ascertained by testing with litmus paper. 
Prolonged washing beyond tfte required limit 
causes slight dissociation of the acatyl product. 
This would lead to4oo low an acetyl value. The 
acetylated product is then filtered through a dry 
filter-paper, and dried in an tiven to removf 
water. • 

About 5 grams of ^he acejylated product are 
then saponined by foiling with alcoholic potas¬ 
sium hydroxide solution, as is dojie in the de¬ 
termination of the saponification value. If the 
‘ distillation process ’ be adopted, it is not 
necessary ta work with an accurately measured 
quantity of standardised alcoholic alkalt. In 


case the ‘ filtration proce |8 ’ be used, the alcoholic 
potassium hydroxide solution must be measured 
exactly. (It is advisable te use in either case a 
known volume of standard alkali, as one is then 
enableij to determine the saponification valu^ 
of the acetylated ^il or fat.) Next the alcohol 
is evaporated off and the soa)) dissolved in water. 
From this ^tage onwards, the determination is 
carried out either by (a) the distillatio«i process, 
or (&) the filtration process. 

(ri) Distillation ‘process. —AQd dilute sul¬ 
phuric acid (1 : 10 ), more than is required to 
saturate the alkaliAised, and distil the liquid 
in a current of steam ^ GOO-700' c.c. of water 
4ir® distilled off. •As a rule, this yill bt*quite 
sufficient, and the last 100 c.c. will be found to 
require no more than O'l c.c. of decinormal 
alkali. Then titrate the distillate with deci¬ 
normal potas-siuin hydroxide solution, using 
phenolphthalem as an indicator, multiply the 
number of c.c. by and divide by the weight 
of substance taken. This gives fjic acetyl ‘value. 

{b) Fillraiion proce.v.?.—Add to the soap 
solution a (piantity of standardised sulphuric 
acid, exactly corresponding to the amount of 
fahioholic alkali cinjiloyed, and warm gently, 
whereupon the fatty acids will i^cadUy collect 
on the to]) as an oily layer. (If the saponifica¬ 
tion value has been determined, it is, ot course, 
ncooHsary to take into aej^oimt the volume of 
acid u.sed for titrating back the excess of potas¬ 
sium liydroxide.) Filter off the liberated acids, 
wash with boiling water until the washings are 
no longer acid, and titrate the filtrate with 
decinormal alkali. The acetyl value is calcu¬ 
lated in the manner shown above («). 

Both methods give identical results; the 
latter requires le.ss time and will, therefore, be 
found more convenient. The distilled water 
used in determining this value by either t^o 
distillation or^filtration process must bo care¬ 
fully freed from carbonic acid by* previous 
boiling, us otherwise serious errors ensue. 

Pure triglycerides containing no hydroxylated 
acids h*vc no acetyl value; pure glycerides of 
hydroxylated fatty acids yield acetyl numbers 
wliich are in complete agreement with theory. In 
these cases, the acetyl 'Alueis a ‘ characteristic.’ 
|*In the case of triglycerides containing, in 
addition to hydroxylated fatty acids, soluble 
aeWs as well, the acetyl valife determined as 
described above would, of course, include 
I soluble acids. The ‘ apparent ’ acetal value 
|•obtainoa in such a case must, therefore, be 
dirainishod by the amount of alkali required 
for the saturation of the solifble fatty acids in 
order to obtain the true acetyl value. The 
amount of alkali required for the satiation of 
the soluble volatile acids must be ascertained 
by a blank test. Since acetyl values are also 
furnished by mono-glycerides and digl^cerides 
(occurring in oils sfhd fats having notable acid 
values), by free alcohols (such as phytosterol), 
.and oxidised acids, and since all these substafftes 
oqcur in varying amounts in natural oils and 
fats, esxiecially in those which have b^n ex¬ 
posed to the atmosphere and have beconft 
railhid, the acetyl value must, in th^e cases, be 
considered a ‘ variable.’ 

. HoUand (J. Ind. Eng. Chem. 1914, 6, 482) 
sug^ts tfiat, to make the value comparable 
with other ^lues in fat analyses, the acetyl 
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value should Indicate number of milligrams 
of potassium hydroxide required to saponify the 
aoetyl taken up by Ingram of fat on acotylation. 
He describe.s a simple method of determining 
the value , 

, B. Varlablesf 

' 1. Acid Value. 

The acid value iiidieates the number of 
milligraina of petassium liyilroxitic required to 
saturate the free fatty aeiris in one gram of an 
oil or fat; or, in other wor(lsf.it gives the amount 
of potassium hydroxide, cx])rosHed in tentlis }ier 
cent., qecesHary to neutrsCJise the free fatty ac^Isr 
in an oil oi* fat. 'J’his value is therefore a 
measure of the free fatty acids in an od or fat. 

For the <leterminatlon of the. acid value of 
an oil or fat, about 5 grpnis of a samjile (if 
available) are mixed wHh neutral or neutralised 
aloohol (])uriiie(l imdiiylattxl aiurit) and titrated 
with aqueous or abioliolic ])o(,aRsium hydroxide 
or sodium hydroxide solution, phenolphthalein 
being used as an indiealor. 

Example. —W<Mghed off .^*254 grams of 
tallow. Uoqiiired for neutralising the free fatty ' 
aeids 2‘5 oic. of decunormal |)otas.sium hydroxide 
(or^soda) or 3-/»x5-bl milligrams KOH. The 
amount ot KOH required for 1 gram of tallow, 
i.c. its acid value, is tb<M'<ff<>re 


The aeid value is frequently e\|)re.s.sed in 
per cent, of oloie aeid. Sinee Uk; molendar 
weight id oleic acid, 2 S 2 , is approxiinalely iive 
times 5(1*1 (the moliH-.ular weight of KoH), and 
the aeid value expresses the amount of KOH in 
tenths per cent., a rapid and in most oases 
suffieicntly a<‘curiite metluxl of converting the 
oftid value into ])er omit, of olnic arid is to 
multiply 4he former hy 0*5. Jn the ease of 
coconut oil and palm-kernel oil faOy acids 
this [iroeedpro would not be appliciibb', as their 
mean molecular weight lies, as a rule, l>etueen 
210 - 220 . 

'2. Olt/ccrol. 

If natural oils and fats ri'prest'nted neutral 
triglycerides, it W’ould be jiossilile (,o ealenlat.!* 
the amount of glycerol obtainable, on sapondi«;^a- 
tion from the following equation : ' 

C3H^(Oll)3-f;iKOH-(yi3H343K(m. 

In the fasc of pure triglycerides, the propor¬ 
tion of glycerol obtainable being a ‘ character¬ 
istic ’ (see (JiiyoEhTN), the quantity of glycerol 
yielded by an oil or fat can be calculated from 
the eapofafication value. In the case of natural 
oils and fats, a calculation of this kind will lead 
to erroneous results, not only on neeoimt of the 
(small)'quantity of ‘ uiiHaponiffahle matter ’ that 
is always present, but chiefly on account of the 
free fatty acids and mono- and di-glycerides 
wlTieh occur in natural oils and fats in variable 
quantities. Therefore, in the. case of natural 
oils anS fats, the percentage number of glycerol 
fnust be looked upon as a ‘ variable** 

This ‘ variable ’ standsin that general relation 
to the acid value that the higher the acid 
value, the smaller the yi^id of glycerol. « 
in order to determine the proportion of 
glyoerol which an oil or fat yieUl^ on saponffica' 


tion, it is best to apply the ‘ aeetin process * {see 
Glycerin) after a ‘ crude-glycerin ’ has been 
prepared in the following manner:— 

I Twenty grams of the oil or fat are saponified 
; (as described under Saponification value) with' 
I alcoholic potassium hydroxide solution, and the 
i alcohol is driven off on a water-bath. The re¬ 
sulting soap is decomposed jyith sulphuric aeid 
and the liberated fatty acids are filtered off. 
The filtrate is neiitfalised with an excess of 
barium bicarbonate and boiled down one the 
water-bath until most of thenvater has been 
, driven off. The residue ii5 exhausted w’ith % 
mixture of ether and alcohol, the ether-alcoliol 
driven off, for the most ]>art, by gently heating 
on the waU'nbath, and the residue then left is 
drieil in a dc^lcfator and weighed. It is not 
neces.sary to dry until constant weight is 
olitainod. as the actual glycerol present is 
determiued^n the crude product by the acciin 
metKod. 

2 . ])( lerm} nation of the Unmponifinhlc Matter. 

'J’lio author comprises Kf^d'er tlie term 
!‘imsapomfiable rnattiu* ’ all those substanees 
that are insoluble m water, or do not eombino 
witli alkali hydroxide to form soluble soaps. 
Most oils and fats contain, in tlieir natural state, 
small (jnantities ot imsaponifiablo matter which 
consists to a great extent either of phytosterol 
in the case of vegetable oils and fats, or of 
(diolesterol in tlie ease of animal oils and fats. 
(Jtber alcohols and hydrocarbons repr<)seiit the 
siimller jiart of the ‘ unsaporuUnble matter.’ 

Freparatory to the di'tormination of the un- 
sapiuiitiable matter, the oil or fat must be 
sa|>onifled as described above under Saponified- 
lion value. In many cases it will, therefore, 
be found eonvonient to combine the determina¬ 
tion of the saponification value with that of the 
unsapoiiiliable matter. Hut the amciint of oil or 
fat taken should net be less than 5 grams. The 
UMsaponifiabb^ matter is determined as follows :— 

)Sa]>onify 5 grams of tlie sample with 25 c.e. 
of double normal alcoholic potassium hydroxide 
solution in a flask under a reflux condenser and 
eyaporate off the bulk of the alcohol. I’he 
residual soap is dissolved in 50 e.<'. of hot water, 
and transferred to a separating funnel of about 
2(M1 (!.e. eapa(!ity, u.sing about 20-30 o.c. of water 
for rinsing tlie dish. A'fter cooling, add 30-60 c.c, 
of ether ^rid shake the solution thoroughly 
Adtlitron o' a little alcohol will accelerate the 
separation. The soap solution is they run off 
^into another separating funnel and 'is again 
*exh1lu8ted with fresh tther. As a rule, two 
ext-’aetions will suffice : it is, how’ever, safer to 
extract a third time. The ethereal solutions are 
united, washed with a small quantity of water 
to free theCn from any dissolved soap, and 
transferred to a tared fliCdk. The ether is 
distilled off on the water-bath, and the reridue 
'’.ried at 100 ® and weighed. 

In the case of mlist oils and fats ether 
should be preferred to pftroleum spirit (which 
is largely used on the Continent). In order 
to counteract the property of petroleum spirit 
to dissolve alkaline soaps, the petroleum layer 
holding the unsaponifiable matter in solution 
should be wasfafed with 50 p.c. alcohol instead 
of wvlh water. 
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The above method must not be used in the j light, moisture of the atmoe 2 )herp, thickness of 
ease of oils and fa^s which have admixed with ; layer exposed, ago of tli€»oil, &c. 
them vegetable or animal waxes, as the alkali8ince the drying of aii oil requii’es a jiro- 
salts of the fatty acids are not readily soluble ! tracte'd lenglli of time, attemjjts were made to 
in water or even in dilute alnohqf. In such aeoelerate the process of drying by mixing witli 
cases, it is best to neutralise the soap solution ; the oils finely dJi?ided load" (Livacho) or finely 
with acetic acid, with phenolphthalein as an ■ divided eopper (Hucbl; Lippert). Livache’s 
indicator, and to precipitate with barium eliloride Jead powdgi- is prepared by precipitating n lend 
or lead acetate. The residue is then washed, salt with zinc, washing tin* preciTntwte rapidly 
dried, mixed with sand^and (extracted in a | in succession with water, alcohol, and ether, and 
Sox^ilet apparatus wit h petrolouni boiling finally drying in mend. TIh^ test is carried 
below 80^ If^it bo cfcsirablc to ascertain ' out as follows: spread about 1 gram of lead (or 
Tl’bcthcr cholosterob or phytostcrol or bot h, or copper} pow<h!r, \tcigbefl off accurately on a 
animal or vegetable waxes or mineral oils, tVc.. ■ somewhat, large u atcli-^jlass, in a thin layer, and 
be jiresent, the unsaiJoniJiabIc mait^T should bo fallow to fall on to it from a pipette 0-(»to 0*7 
prepared in sufficient qiiantit>' to admit of grams (not more) of tlHMjil to he tested, placing 
further examination {.«('(■ behq^ 4&nmtnaiwv o/ eaeli drop sejiarately on the Jead (or copjier) 
thr Vmpomfmhh Matfr.r) jiowdi'r, taking eare’that the dro}is do not run 

into one another, ^'heri allow the watch-glass 
(b) Qmlilafirc MdliotU* to staml at tlie ordinary temperature exposed 


A large number of <]ualitativo niefhods 
which were formerly in vogue, such as the 
elaidm test, the. sulphur iddondi* test, the therimd 
reactions withsulphuj i<- aenl (Maunieiie test)., 
bromine or siiljwir cbloiide, have been }uaeli->| 
eally sujierseded by tlie determination of the 
iodine value. Inasmuch as tlie latter yields : 
th(5 same information in a more r<‘liahle and less [ 
ambiguous fashion than the tests (*mim(‘ral(‘d. 
they need not be deseriberl here. (F«n’ a | 
deHeri}>tion of these methods, .vr e JjeAvkowitseh, i 
vol. 1 .) More nn])ortant ar(‘ the qualitative 
methods deseribed Ixdow, innsinuch as tliey fi'c- 
quently furnish important data, for tlie reeogm- 
tioii of some ods and especially a.s they are 
usable for the valu:iti<m t hei'eof. In ea..ses «In i'<' 
tliT' quantitative metliods do not supply full 
information the qualitative methods may be 
ajqilieil with advantage. Tin* following (piabta- 
tive methods an- desewbed beie 

(1) Oxygen absorption test. 

(2) Bromide Uists. 

(.’i) (folour tests. » 

(1) Oxygen Absorption Test. 

The absoiqition of oxygen from tlie almo- 
s])horc h€fi a very iinjiortant bearing on the 
liability of oils to cause spontaneous combustion 
when B|)read in a linoly ilividocl%tatc on filijous 
organic Bubstaiice.s [ate Wool oil^^ It is also 
of very great iniportainf* in the industries of 
jiaint oils, boded oils, and varnishes. 

It has been pointed out alreaftj tHat tho^ 
iodine absorption of oils and fats stands in close 
relationship to the aheoiqition of oxygen, and 
that the latter propcrtjj, being a measure IA thi* 
drying power of oils, was fonifbrly usodj^for 
purposes of classification. It has also been 
explained that the classifica^on based on the 
iodine value includes^ the subdi^sion of oils 
into drying, semi-^ying, and non-drying oils. 

If a convenient method were known for the 
accurate determination ofithe*oxygen whieli ^ 
absorbed during the dr;fing process, it would be 
possible to class the ^ptormii^ation of the drying 
jjower, or, as it bo termed, the ‘ oxygen 

value,’ among the quantitative to^ts. 

Determinations by earlier observers were 
made in a vety unsystematic fashion, in¬ 
sufficient rqgard having been paid to such im¬ 
portant factors as temperature, influelfbe of 


111 this lU’oce.ss, iin.seed q|l rcachcH the 
maximum absorption wil bin a few days, whereas 
under ordinaiy eondilions the same result is 
only arnvcil nl afliT a much longer tmie has 
< iii])Ke<l. Livaelie states (bat drying oils absorb 
tiH' maximum quantity of l•^ygell uitiT 18 Iiours, 
or, in some eases, afler tliiee (lays, w hcreastion- 
tlrying oils do not gain in weight before the latiBO 
of foiii or liv<‘days. Weg^T comlcmns Ijvaehe’s 
process, and recommends that larger quantities 
ol Icail should be iiseil, no that for B'2 grains 
of t>il tber(‘ should be taken at least 2 grams of 
lead pow<ler. Ihit even in (hat ease the results 
were not toiind to be satisfactory. 

Lipperl, as also Wegor. undcrldok a systo- 
matii; study (d the drying jiowei of oils, by 
exjMising them in viuy tbm layers on glass 
plates to the action ol the atmosiffiere. Jt was 
found that glass cmild md. bo replaced by aj|y 
other materiiff lighter m w eight; thus celiulonl, 
gelatin, an<l even clxuiiii! were foubd useless. 
Sheeta of mica, altliough useful for the work, are 
t.oo easily damaged, and even sheets of thin 
mctals#hiive the drawback of being too easily 
criMsed. blecoHsary jireeaiitions in this teat 
ar<!: that tlie glas.s be jiettcelly clean, free 
from du.st, and tliat.*tlie oil lie sjiread with 
the greatest jiossible care in an evenly thin 
layi'i'. If the layer is of uneven thickness, in- 
efrasc of weight might occur rft one jilace, wliilet 
simultaneously in a thinner layer loss of weiglft* 
might ,tako place. A scries of experiments 
showed that the thinner the layer of oil exposed, 
the more rapidly is oxygen ahsoroed at the 
commencement of the expA'inient, but after 
24 hours an equilibrium seems to be established. 
The thicker the layer the smaller is th% increase, 
but if the layer is too thin, unreliable results 
will be obtained. The beet conditions seem to 
bo readied by spreading the oil so th^t about 
O'UffOS gram is us6d per square cm. of a glass 
plate [sre also Linseed oil). 

• The process is an extremely tedious one, %,nd 
dj^jiends on the accuracy with which deeimilli- 
graras can be ascertained. Besides, the*method 
does not yield absolute values, and can only Be 
usid as a guide in comparative tests. It must, 
however, depend on the mven circumstances 
whether this process Ifiould be applied. For if 
it Apierely a question of discriminating between 
drying, semi^drying, and non-drying oils, the 
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iodine value will not only be the most con- j 
venient sorting test, but will, at the same time, 
furnish quantitative ^results. It should be 
noted, however, that the iodine value mrfst not 
bo accepted as tantamount to defining the 
drying power. To take a striding example, fish 
and livor oils fbsorb approximately as much 
iodiny as do the best drying oils, and yet they 
are greatly inferior to tho latter •as regards 
oxygen a*bBorption power. Furthermore, fish 
and liver oils differ most materially from the 
‘ drying oils,’ in that I hey do not form a .skin as 
does linseed oil (srf ulio Linjiekd on.). 

Fish and liver «uls are bent differentiated 
from the drying oils by^lhe, j*i.soliible bromyle-j 
tost. ‘ '• 

(2) Bromide Test. 

Hehner and Mitchell 'Jcviscd a test con¬ 
veniently applied in the following manner, 
which embodies some niodTfications worked out 
in the author’s yiboralory: Di.ssolvel to2grams 
of oil in 40 c.c. of ether, to which a few c.(;. of 
glacial aceiie acid have been aibled, cool the 
solution in a corked flask to 5*^, and add bromine 
drop by ^ drop until the brown coloration j 
remains permanent. If the tem])eraturc w'cre ! 
allo^/od to rise too higli, evolution of hydrogen ! 
bromide would become noticeable ; in that case, 
the experiment musi^bc rcpeatcrl. After stand- , 
ing for hours at a temperature of 5”, the liquid 
is passed through a filter, and the jirecqntatc, 
consisting probably of the bromide of a mixed 
glyceride, is washed four times in succession, using 
each time 10 c.c. of chilled ether. The residue is 
finally dried in a water-oven to constant weight. 
In the following table a number of exiieriments 


are collated which have been carried out by 
Hehner and Mitchell, by the author and by his 
assistants Walker, Warburtbn, and Stadlcr. 

I In the author’s opinion, derived from very 
! extensive practice with this method, it is 
j preferable to apply the ‘ bromide test’ to tho 
' isolated fatty acids (5cc below). 

i 

I (3) Coloui T^ts. 

• 

I Very many colour reactions have been 
}>roposed from time tn:> time, and are still Weing 
I proposed, for the rocognitiop of individual oils^ 
i Colour reactions were chiefly resorted to for 
; lack of hotter methods; they have been super- 
j seded in the majority of eases by the ‘ quantita- 
j tivo reaciiods^’ It should be borne in mind 
* that many o<.))oudreactions quoted in older text- 
I books, and perpetuated even in more modern 
I treatises, w§re not alw'ays obtained will) typieiil 
j sampb'.s, little or no regard liaving been paid to 
their source, their mode of purification, their 
ago, and all that variety of circumstances which 
jiillucnces the colour produced by the reagents. 
In consequence of progres.s n^e in technical 
processes, a large numlier of ^ipiiritiea, which 
were in fad the very substances that gave origin 
to the colours supposcil to be cliaracteristic of 
tlic oils or fats, has ceased to occur in com¬ 
mercial .samples. 

A colour reaction can only be consideied 
of Bonio value if it be produced by a well- 
defined substance, occurnng naturally in an oil 
; or fat, and characteristic of it to such an 
extent that the sample may he identified by 
that reaction. Obviously, liicsc characteristic 
substances which only occur in minute quantities 
' should not be easily removable in the course of 


Yield of in- ! 
sojiiblc bro- I 
mldca from j 
glycerides I 
per cent ! 


Linseed (iodine 
value ]81) . 

Linseed (iodine 
value 18C’4). 
Linseed (iodine 
value 190 4). 
Linstred . 

Tung 

* ;i li. ’. ! 

Candle nuf. 
Walnut . 
Safflower. • . 

Poppy seed ^ 
Soya-bean oil . 
Maize 

Cotton seqfl 
„ ,, cooled 

Rape oil . 

Brazil nut 
Almondf. 

Olive 
Japan fish 
Fish, deodorised 
Cod liver. 

Newfoundland 
Siiark Irver 


Seal 

Whale . 

„ old sample 
„ fresh sample 
Sperm . 


Walker and Warburton 


37-72 1 

23 8<J-25 8 
, nil 
nil 

0-38; 0-39 
6-21; 7-28 
1-42-V9 
0 0.5-t 05 
nil 
* 50 
nit 
nil 
nil 
30 
nil 
nil 
nil 

21-14; 22-07 
49-01; 62-28 
42-9 

35-33; .33-70 
32-08; 30*02 
22-0 

21*22; 19*08 
27*54; 27*92 
26*0 

15'64; 16*14 
201 - 22 -® 

I 2*61; 2-42 


lU'hncr and Mitchell 
Walker and Warbiir?on 


Hehner and irfitcliell , 
Walker and Warburton 
Hebner and Mitchell 
Lewkowltsch 
Hehner and Mltcliel! 

Lewkowltach 

Stadler 

Hehner and Mitchell 

Walker and Warburton 

Hehner and Mitchell 
Walker and Warburton 

Hehner and Mitchell 
Walker and Warburton 

Hehner and Mltohlll 
Walker and Warburton 
Lewkowitsch , , 

Walker a«d Warbw^n 


the usual mamifactunng processes. 

An extensive inquiry made by the author 
(.T. Soc. (Uicin. liid. is94, 617, and Ohem. 
Tcclm.) into the colour reactions, has led him 
to conclude that only tho following^csts can bo 
considered:— •' 

Bnudoiiin'n fc.vf. —This test, originally pro¬ 
posed by (’amoin, is indicative of seeam^ oil, 
inasmuch as a substance which occurs in this 
oil gives yvith hydrochloric acid and sugar a 
characteristic red coloration. Since canc sugar 
yields luevulosc and furfural, Villavecchia and 
Fabris pro|if>8ed to carry out this test in the 
following fnannor, which can be thoroughly 
recommended :— 

l*I%ce c.c. of a 2 p.c. alcoholic furfural 
solution in a test-tube, add 10 c.c. of the oil to 
be tested, and 10 c.c. of hydrochloric acid of 
, 8p.j4'. 1*19 ; shako tho mixture for halTa minute 
and allow it tf settle. fi\ the presence of sesam^ 
oil,* oven if it be less than 1 p.c., the aqueous 
layer will requirora distinct crimson colour. In 
the absence of sesame oil, the lower layer is 
either colouftess, or has*at most (as in the case 
of a very rancid thetugh pufe olive oil) a dirty 
yeHow colour. tThe great sensitiveness of this 
foaotioo has led to fhe^compulsory ear-marking 
of margarine, in several continental countries, 
by the legally prescribed Addition of 6-10 p.c. of 
sesam^ oil to margarine, case an oil or fat 
has already’been coloured with a colouring 
matter furnishing a red coloration with hydro¬ 
chloric acid alon'e (which not infrequently 
occu{s in the case of maigaiine Obloured with 
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‘ butter colour ’), the colouring matter must be 
previously removed by frequent shaking out 
with concentrated Ifydrochloric acid. In many 
cases, however, the colouring matter contained 
in the sesam^ oil is destroyed at the same 
time. * 

Halphen*8 colour test .—This test indicates 
cotton-seed oil and is carried out in tho following 
manner: 1 to o.^. of tho oil is dissolved in an 
equal value of amyl alcol^l; to this is added 
1 to 3 c.o. of carbon disulphide holding in 
solufiou 1 p.c. (Jf sulphui* (flowers). • The test- 
tube coiitaining^h^mixture is then iAmersed 
in boiling water, ana kept therein for 8f)n]e time. 
The carbon disulphide evaj)f)rateH ofl ; in the 
presence of cotton-8ee<l oil a deep red ooluratiun 
appears in the course of 5 to 15 gitnutes. 'Phis 
colour reaction is most ehamctcnstic; it is 
Iiossible to detect thereby 5 p.c., and ev(‘n kss, 
of cotton-secd oil admixed witli other oils and 
fats, e.g. olive oil or lard. In case the^iro- 
portion of cotton-seed oil i.s very .small, llio 
test-tube must be kept in the watcr-batli for 
20 to 30 minutes, or preferably in a salt-bath at 
105'’. Mixturfl^of olive and arachis oils con¬ 
taining 1 p.c. ol^cotton-seed oil, gav(', in the' 
author’s laboratory, distinct <-olorations after 
25 to 30 minutes. Over-eatimatum of this tc.st 
must, liowcvor, be guarded against as. on the 
one hand, cottoii-seeil (*il, which Im.s been h(‘iit<'d 
at 1HO°-250'^, no longer yields the red eoloia- 
tion. On the other hand, it must be* reuiembered 
that on feeding cows and pigs with cotton-seed 
cake, the chromogcnotte substance passes into 
tho milk fat of cows and into tlie lard. It must, 
also, bo noted that no quantitative interpreta¬ 
tion should be based upon the depth of the red 
coloration obtaiuccl, oven if the jircsenoe, of 
cotton-seed oil has been placed lievond doubt. 

It should further bo noted that kajiok oil 
and baobab oil give thi' same colour reaction, 
tho last-named oil with even greater intensity 
than cotton-?eed oil. 

Becchi's colour test .—ThisHest is much less 
reliable than HaljAen’stest and is only described 
here because it is still largely used in the South 
of Europe (France, Italy), it is safest, if 
Becchi’s test must be apjiliod, to us^ it in the 
form suggested by Tortelli and Jtuggeri: Fiv^‘ 
grams of the liquid fatty acids of the suspeefed 
sample are dissolved in H) c.c. of ideohol, and 
1 c.c. of a 5 p.c. silver mtr%fce solutioi^is added ; 
the wimple is then heated on a water-bath at 
70'^-80®. Cotton-seed oil acids reduc^Aheisilver 
immediately, whereas the fatty acids of olive 
oil and cither oils remain clear for somo time. 
Even cotUbn-seecl oils—which have been hea4ed 
at 25d" for 10 and 20 miRutes respectively—can 
be recognised when present in as low a projiRr- 
tion as 10 p.c. in olive oil, on allowing the liquid 
acids of the mixed oil to stand in th^ hot water- 
bath for several hours. • 

Nitric acid fe^rt.-^This test may bo used in 
many cases for the prelimin|ry'idontification^f 
cotton-seed oil. The t^t is best carried out^ 
with nitric acid of l‘37o sp.gr. (Lewkowitsch). 
A few c.c. of tho sampl% are shAken energetically 
with an equal measure of nitric acid of tho 
speoifled gravity 1 *375, and the samj^le is allowed 
to stand j&r some time, up to 24 hours. Cotton¬ 
seed oil gives a coffee-brown* coloration which 
is chaiuoterietic of this oil to such an oi^mt 
You IV.—2’. 


AISD FATS, 

that admixtures of 10-12 p.c. of cotton-seed oil 
with olive oil can bo dlj^cted in certain cases. 
But even here circumspection is necessary, as 
the coffee-brown coloration ' given by somo 
specimens of cotton-seed oil is not characteristiR 
of all ^)ottou-8ee4 oils. Of importance is tho 
observation made by the author, viz. that a 
specimen of heated cotton-seed oil whieh no 
longer give! the Halphen test still gives a brown 
coloration with mtric acid, and also that the 
fatty acids from heated cotton-^bed oil show tho 
coloration distinctly. 

It may be rojiealed tliat the last three colour 
tests, which arc cmjiWed for the dotoefion of 
lfjo4ton-aeed oil, i^ioulif only be used with tho 
greatest circumspection. In any case they can 
only serve as preliminary or confirmatory 
tests. 

Lichcrtnayin-Siitrck rcfirtion. —This colour 
te.st Ls exceedingly reliable f(fl' the detoction of 
roHin oils: J to 2 c.c. of the sample under 
o.xamiiiation arc shaken, m a test-tube, with 
acetic anhydride at a gentle heat* after cooling, 
the aee.tie anhydride layer is drawn off by 
means of a pipette, and tested by adding one 
Klro}) of suljilnirje acid of 1-53 sp.gr. (I’his acid 
coiitams ()2'53 ji.c. of ^ 0411 ^; it is prepared by 
mixing 34'7 c.«^ of concentrated 8 ul 2 )huric acid 
Avitb 35*7 c.c. of water.) If rosin oil is present, 
a Imc violet (fugitive) colour is immediately 
produced. If less tlmn 1 tf) 2 c.c. are available, 
the test can be made on a watch-glass, by 
stirring the liquid witli acetic anhydride and 
allowing a (bop of suljihurio acid to run down 
the Side. It should be borne m mind tliat 
cholesterol gives a siimlai colour reaction. 

Sulphuric Odd ted .—All sulphuric acid colour 
joaction.s dosciibcd in the older literature of 
this subject arc iinriiliablc with the exception of 
tho test for liver oils. I'his is best carried out 
in the following manner: 1 drojj of oil is dis¬ 
solved ill 20 drops of carbon (lisulffliide and 
1 droji of concentrated sulphuric acid is added. 
Jn the 2»resenee of liver oils, a beau^ful violet- 
blue colour appears at once, changing afterwards 
into reel and brown. Jl has been shown by 
Drummond and Watson (Aitalyat, 1922, 47) 
that the coloration is u#t due to lijio-chromes, 
♦mt stands in some relationship to the vitamin 
content of the oil. 

• • 

11. Examination of Fatty Acids. 

, In cSso the preceding methods, described 
under A. and B., have not funii.sJiocf sufficient 
information for the ideatilicutiim ol’^ specimen, 
•it becomes necessary to cxanuiic the free fatty 
acids. • 

If great accuracy is required it is not per¬ 
missible to examine the fatty acids as obtained 
by the decomjioiytion of the soap solittion— 
resulting on saiionititiation of the oils and fats— 
as the sejiarated fatty acids naturally retain the 
lyisa^xniifiablc matter. Kather is it necessafy 
to remove the unsaponifiablo matter previous 
to \ho decomposition of the soap solutfbn by 
the methods described above. • 

A list of tho natural fatty acids likely to 
be met with in the examination has been set 
out^n |he table, p. 64'3^ It will be found con¬ 
venient to hAve the few indications given above 
amplined by the following notes. 

2 X 
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I. Acids of tiie AoEyo Rekies : 

These acids contj^J'a uoruiitl chain and are ' 
best characterised for analytical purposes by 
l^icir property of not absorbing any iodine, i.e. 
their iodine value is ml. Thu lowest iiitmbcrB 
of the series arp miscible witii water in every 
propr^ion. The solubility in water deeniaseH 
rapidly with the increase of the number ol c arbon 
atoms in the molecule. Cupric acid is jiiutlj- 
oally insoluble ki cold w'aler, Honicwhat moic 
soluble in hot ivaier. Luunc acid is very 
slightly soluble ui boiling ivatc-i'. Tlic iiiglic r 
acids are practically insoluble in vvaic-r. 

Tajving solubility in'^ wat(<v us a basis of , 
classilicatjou,'w(! may, for analytical jmrpo.ses, 
subdivide these tatty acids into .wlnldc and 
insolublv fatty aeids. Tlie acids u[i lo cajirylic 
acid arc* ternu'd solaldc talj(,y acids ; I lie, lugluo- 
fatty acids, fiom i.iynslic acid upwards, aic (be 
uiiiolublc fatty .uids. C.ipiic and iaiiiic acids 
occupy, also as regards solululity, an iiilcj- 
mediate position. 'I'iie lead sails of the liighei 
fatty acids, coiiuiicn<-ing with palnutie acid, arc' 
insoluble, in ether. 

Acetic Acid r. Vrj|. I. p ll. 

Butyric Acid v. Vol. 1. p. 718. 

fc«oValeric Acid v. Valkjch' ac-ii». 

Caproicacid, ('gif ,g()g.discovened byl 'lic\ leiil 
in 1818, iH not imsciblc with watei. although it 
IS, to .Some extent,' soiuhle in i(., sp.gr. at 

20'7C is 0'!)24 ; ; ;|3 o<luiii is likp 

that <»f sweat: 100 c.c. of watei dissolve 
0*822 gram at IG". 

Mdlijit eder, sji.gr. O’OdOO at 0 ’; b.)). undci 
700 mm. pressure, 141)-0' ; undei iG mm. 
jiressure, G2''-G!l 

Klhi/I r.v/rr, sp.gr. 0*8800 at 0" ; sj,.gr. 0*87:12 
at 20" ; sp.gr. 0*8Gl)4 at 40’; b.j). lOG-G-100' 
icidei* 7:iG*8 mm. pressure. ^ 

CapryUc acid, ('„ll^aO., cliM-ovc-red byLcidi 
(1844) in butter fat. s{).gi. 0*0270 at O' and 
O'iUOO at 3(J74(»"; l'.12Mr>. Oik- i«irt ills- 

solves in 400 parts of boding water; nthe ilis- 
Bolved acid separates out almost eompletely 
on cooling; 100 c.c. of water at IG" hold in 
solution 0*070 gram of acid. The acid lias 
an intense odour of sweat. It also occurs' 
ill the oils belonging to the coconut oil grou}). 

Mdhifl tnU-r, ip.gi*. 0*8042 at 0"; sji.gi*. l>*; 87 
at I8”; solubfyuig jioint —40' to -41^; b.p. 
192^-104'^ under 700 mm.; 05'^ under ,25 mm., 
83" under ,15 mm. jiressuiv. '■ 

sp.|;r.O*8842ai O" ; 0*8730 at Hi'; 
solidifying pc-iint, —47" to - 48"; b.j).207''- 208". 

Capric acid, like, the* loiegomg two* 

acids, is'characteristic of the milk fats and the 
oils of tho coconut group. It occurs in wcad 
yolk as potassium salt. The acid crv.staiiises m 
tine needles, sp.gr. 0*930 at ; 0*8’8G8 at 40'; 

1*42855. It is almost insoluble in cold 
water} one part dissolves in about 1000 parts cd 
boiling water. The acid has a goat-iikc, smell, 
wliich‘oecomos more distinct at the tempeiat'ure 
bi its melting-point. 

Meihyl ester, boils at 22:i"~224” under<.7(i0 
mm. and at 114° under 15 mm., solidities at ^ 
-18°. » . , 1 

Klhyl ester, sp.gr. 0*862 ; b.p. 24B°-24ii°. i 

Laurie acid, C, jHjiO,, is characteristic of the ! 


oils of the coconut oil and dika fat groups. At 
the ordinary temperature the acid is solid, 
and crystallises from alcohi^ in needles. It is 
the first acid of the acetic series that cannot 
! be ibsiillcd^at ordimary pressure without nnder- 
1 going (slight) decomposition: sp.gr. 0*883 at 
|20'74°; 0*875 at 43*6‘74; ()*8<>42 at 00'74° ; 
j 1*42665; 1*4236. Lqjjrie acid is slightly 

j soluble in largo quantilies of boiling water; on 
1 distilluig its aqueous solution, it passes over to 
an appreei.4.l)le oxtonf with the vapours. 'The 
bnii'.ites of the alkali-iiiotals 'llilfer from the 
con*cs]K)uding salts ot the luglun* fatty acids ill 
that they require largo ([uantities of salt for 
I ‘ s<iliing out ’ {r. Sai'cnjfk'A'J'ION). 

} Mdfii/I ( b.p. 141 ' under 15 min.; 148 ° 

( under 18 mm. ; ih.jt. -f-G ’. 

! AV/zy/f.s/f;, sp.S'!. 0*8671 at 19 °; solidifying 
! jnunt - 10 ".,' b.j). 26 !i' under oidinary preshure. 

Myrislic acid, I'jiHjrfiOj, is elmractenstjc of 
all llH' tats belojignig in tiie iMijiidiai grouj> 
(■ 8 fr MutiM'iOA FA'j’sj. It wus discovered by 
Idayfiiii in niiimeg luittei. It is also stated 1 o 
()(Min* AS eet\! mynKl.ite in spermaceii and, in 
:,enm!)iiia(.](ui wdh unknown dRohols, in wool 
I wax. Tlu‘ acid (.lystiilli.se.s in lamina’; sji.gr. 

!(i-si; 22 .it rii; S'/ r; o.s58-l ut nb li'; 

_ ' 1 ) 

\ 1 * 13075 ; * 1 * 4248 ; is comjzletely insohibh! 

Ill water ; wlieii boiled vwlli water, about 7*7 jt.e. 
j IS c,arrjed over with the vapoui ; it dissolves 
! with ilillnulty m eold alcohol and ether. 

! Md/ii/l idtr, b.p. 167 '-HiS" under 15 mm. 
i pressure ; m.j». 18 ". 

I'dliyL rsln, ))oils at 295 ’ uiidei* oidmaiy 
I pressure, and m v/(cu6 at 102 ' or 124 ' ; sobddies 
1 at JO‘ 5 '' 11 * 5 '; sparingly soluble in uleohol oi 
ethia*, iiinri- readily soluble in light ja tioleuin. 

Palmitic acid, oeeuis in most 

vegetable and animal fats; and notably in 
large quantities in ])alm oil {Ironi jihicli it was 
: tiist isolated in a jmre slati* liy Freiny); in 
■ Chinese vegetalilo tallow, .JapfUi wax, ainl 
i luyitle wax. It occurs also in spermaceti and 
I in ojiium wax a.s ceryl palnutate, m beeswax 
i luyneyl judmitate. 

; Palmitic aeui ha.s been prepareil,’irtilieially 
on a large scale by melting oleic acid with 
i cavstie alkali, liydiogen being evolved; in 
addition to palmitic acid smuUer (mantities of 
oxalic and aeolie aiud's an* luimed. This pioeess 
has been aliaudoimd us impraoticable. * 

I IMiimlie acid forms tuits of finely crystalline 
I needJ(‘.s: the melted acid sohdilics o)ji cooling 
, to a nacreous, scaly, crystalline mass,. It boils 
hef^'cen 3:19° and 35Cf> with slight dccomposi- 
1 tii/n; distils’ unchanged under a inessu^e of 
; 100 mm. at 271*5"; under a pressure of 15 mm. 
at 215", and i?/ vacv6 at ISH^-lllO". On a large 
scale it is. distilled with tho aid of super¬ 
heated sioain; s]> gr. 0*852r at 6274"; 0*8412 
at 80°/-t"; 1-4284; l-426«3. It is 

I not readily soluble in i;*old alcohol; 100 c.c. of 
methylated alcohol (sp.gr. 0*8183) dissolve at 0° 
from 1*2 to 1*3 grams; ‘ioO c.c. of 96 p^c. (by 
volume) alcphol hold in Wutiou at 0°, 0’56 
gram; 100 parts of absolute alcohol dissolve, 
at 19*6°, 9*32 parts, it dissolves very easily in 
boiling alcohol; petroleum spirit does not dis- 
BolvL it very readily. ® 
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The zQetallic salts of palmitic acid resemble 
very closely those stearic-acid {v. infra), but 
they possess a somewhat greater solubility. 
Palmitic acid is determined quantitatively m 
almitates by precipitating their solutions with 
ydrochlorio acid, washing the precipitate with 
water, dissolving it in absolute alcohol or ether, 
evaporating to dryness, and finally drying in a | 
desiccator over sulphuric acid. j 

Methyl ester, b.p. 190° ul!derl5 min. jiressiirc; ■ 

Ethyl ester, b^i. 122° in vacvfi ; m.jj. 24'2°. 

• Stearic acid, occuih very abun¬ 

dantly in many vegetable and amiiial fats, 
especially in the hard ones, sucli as cacao butter, 
shea butter, and tallow. Tliehighc^tlic iiu'lling- 
poinb of a fat, the higiior is, as ii*rif!e, the ()ro|H)7 - 
tion of stearic uetd it contauis. Steane aeid may 
be (il)tained syntliotieally by the reduetaoii of less 
saturated acids, eontaming an oji(*li eliani of 
18 carbon atoms (oleie, linohe. Imulenie, duifino- 
donic) by means of hydi'ogen in the pieHonce of 
a suitable catalyst, such as niekei or palladium, 
ft forms white, nacreous lanmue, melting at 
()9’32° to a pe5ii*-^Iy (.ohiiiriess Japiid wliieli, on 
cooling, sohdihes at UP'ir' to a (a-ystalinie trans¬ 
lucent mass; bojls undej- ordinary pressnie at 
about 3t)0"' with slight dceoiii()osjtinn ; in v<icii6 
it distils unchanged. (Jn a large sealo it- is 
<list^U(^d m a eurrenl of siqierheated steani with 
out any deeoinpcsition. Under 100 mm. [iressnre 
it boils at 201°, under 15 mm. at 232“, and in 
ivrcweat 154-6°-l55-0°: Kp.gr.0-SJ54at0!)-2 /4'’, 
()'838b at 80^/4°. At 11° its sji.gr. eijuals that 
(d water ; at more idevuted (emjieratiues it floats 
on water, as it expands more quickly tliaii the 
latter: 1-431X13. 

Like palmitic aeicl it possesses neith<‘t‘ smell 
nor taste; it is greasy to the toueh and ])i oduees 
a grcasc-s})ot on pajicr. Jnsoluhlo in ualer; 
in hot alcohol it di.S8olvua easily; it is less 
soluble in absolute alcohol than palmitic aei<l. 
one part of stearic arid reijfliriug 40 pails of 
alcohol. 100 c.i. of alcohol, sp gr. O’Sl!^ (at 
15*5°) hold in solution, at 0“,0’0S14 gram, il tiio 
solution be prepared with about 3 grams of 
stearic aci^l, luit owing to sujiCTsatunitioii, tlie 
dissolved amounts lluctuato considerably, dft- 
IKJndiug on tlie amount of stearic aeul nsj^cl. 
Thus, with 7 grams of stearu? ai^d, varying 
quantities of dissolved steftric aeid fitnn t>*(>8|0 
rising up to 0'1082, have been found (Lew'ko- 
witscli). Stearic aci<l dissolves easil|.«iiitL‘ther. 

PoinsHiunistearate, tormserystals 

having a^reasy lustre ; diseolves in 0-0 parts of 
boiling alcohol. On dieting the hot aqueous 
solution with a large proportion of wal^r,* 
peaify lamina) of an acid stearate 
KO^HasU^-C^ifaJO^ 

separate. The salt is insoluble# in ether, 
petroleum ^lirit, oui^on*disulphide, and eliloro- 
form. (Difference from potassium oleate.) ^ 

Sodium stearate, closely re-^ 

sembles the potassium silt. In the crystalline 
state it forms lustrousjamine^ 

Atmnonium slean^te, (Nri4)CigH3502, loses 
part of its ammonia on being warm^ in aqueous 
solution, and is converted into the acid salt. 
The same change takes place when the ammonia 
soap is allowed to stand over concentrated 
sulphuric aciS in a desiccator. • 


Calcium, strontium,^ and barium slearatet 
form crystallin# precipiltetes, practically in¬ 
soluble in alcohol. The itsolublo salts are, to 
some extent, hydrolysed on washing with water^ 
Thus ^arium stearate gives up to the water 
barium oxide, anft free stearic acid {which can 
be extracted with alcohol) remaliw behind with 
the undissc^iated residue. The maifnesiulft salt 
crystallises in m'croscopical laniini**; ft is 
nearly insoluble in cold alcohol^ but, suffieieutly 
soluble in boiling alcohol to allow it to be 
crystalliHed from its solution. The lead salt 
melts ttt J15'’-llfr without undergoing de- 
comjioMitjon; it IS vary .sparingly soluble in 
•-•tBer (difference %'om oici<- aci(l),*and sMIl less 
in light petroleum. .50 e.c. of absolute ether 
<lisMolve 0‘0(t74 gram of l(‘ad hlearute. Jn hot 
b(‘nz<‘ne, lead stenrate dissohes, but separates 
almo,‘4| eonipletelv dn eoolii^^g to 8°-12°. In 
ab.sohite aleohol, lead stcai-ate is very sjuiringly 
soluble. .Stearic aeul lamiot be determined 
quantitatively by MCighiiig iV* ealeium or 
barium salts, a method whieli IniH been proposed 
lopeaterlly. 

iVi’Uiyl b.ji. 214°-215°; m.]i. 38 '. 

* I'lHiifl (‘slcr. lioils in vricitd at 139° of 154° ; it 
melts at- 3(‘e7'’. 

Arachidic acid, ('> 01140 ^.. ihseovered* by 
Goessnianii (1854), oceuis in notable ijuantities 
m aiaehis oil: it b.is also Jj(‘ou found in butter 
lat. It trystalliRCs m small lustrous scales, 
sparingly soluble in cold alcohol; dissolves 
i-asily m boiling uleohoJ. 100 jiarts oi 90 p.c. 
alcohol (lisst'Jve at 15°, 0-022 parts, and at 20^ 
0-015 parts ol arachidie acid. It dissolves 
leadily in ether, eliloroform, petroleum spirit, 
or benzene. 

M(fhi/l ester, m.p. 54-5°. 

Pfh/l eMcr, l).p. 284°-28()° under JOO nmi. 
pressure ; m.m 50°. • 

Behenic acra, (boUj^Do, melts at 8(^°-82° and 
sniidilies at 70°-70''. jSynthctieal behenic acid 
from erueie aeul melts at 83°-84° and Holidifiea 
at 79"-77It boils undei t;0 mm. ^iressure at 
3(Ki° am#crystallises in needles ; it is loss soluble 
in ak-ohol than in ether. JOO jiarts of alcoliol 
dissolve, at 17°,o-U»2 gi^un ; Too parts of other, 
ut Mb’, 0-1922 gram. 

Ethyl ester, m.p. 48°-49°. 

Lignocerlc acid, C' 04114802 , occurs in srachis 
oilfin association witli arachiefle aeid ; ciystal-^ 
lisps fiom aleohol in white flocks of silky lustre, * 
which l:^c()m(' scaly and show- nacreews lustre 
^vhen pres.sed lictween filter-paper ; ■ sparingly 
soluble ill cold aleohol, dissolve^wreadiiy in 
benzene, ether, or carbon disuliphide. 

' Melhijl ester, m.p. 6G*5°~67°. - ^ 

Ethyl ester, m.p. 65°; distils without under¬ 
going decomposition at 306°-310° under a 
pressure of 16-20 mm, , • 

• 

II. Acnis OF THIS Aobyuo or Oleic Series : 

C'bH27i-202. • 

Those iieicls absorb two atoms of halogen 
from Hubl’s or Wijs’ iodine solutioiff By 
means of hydrogen, in the presence oi a catalyst? 
they are readily reduced to the corresponding 
acids of the acetic series. By oiidation with a 
dili*te solution of potJssiuin permanganate in 
alkalipe solhtion, the .unsaturated aoida are 
eouverted into the corresponding saturated 
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hydroiylatcd acids (fj infra). On melting 
with caustic alkalis, Ibey ate broken up into 
lower acida; thus •Icic acid yields palmitic, 
acetic, and other acids. During this reaction, 
j migration of the double linkage takes^ place. 
Some of the higher acids, rfdably oleic and 
erucic acids, ate changed into crystallisable 
iaoinrt'ides when treated with a sm^l quantity 
of nitrnn.s»acid at the ordinary temperatures, or 
with sulphurous acid or bisulphites at high 
tem])craturcs an5i ninlev pressure. 

The unsuiiiratcd acids arc more readily 
soluble in alcohol tlian the saturated acids having 
tfic same iiunilK'r of caj-bon atoms. The lead 
salts </. t])ese,acids ari^ rcjubi^.solubh' in etbtr,| 
M'lth the cxcejdion of erucic acid, which dis¬ 
solves only with dilliculty in cold ether. 

Ozone is readily assimilated by oleic acids, 
fonuing ])erozonide», wlueh arc easily eonveried 
into the more aolufde ozonidcs (-set Le^vko^v itsidi, 
Uhem. Techn. [i. )p *■ 

The action pf concentrated sulphuric acid or 
anhydrous zinc chlorKle on the higher members 
of this scries is a V(Ty eonqdicatcd one (?’. 
infra and also Savonifioation). 

Tigllc Jicid, (.'sHgDa (''^n iHomm-ide of angelic 
acid), occurs in croton oil. crystallises in tricliiiic 
colir.nns, n\elting at (»4*5’, and boiling at IOS-5'' 
under ordinary pressuic ; sii.gr. OdltUI at 7b"'. 

Hypogaelc'acid, Via^^ stated 

to occur naturally in arac.his oil. It has been 
jirepared synthetically from Htearohe acid and 
crystallises m needles lucltnig at 34^, bod¬ 
ing at U.'lb ' under a pressure of 15 lum., aiul at 
230'’ under a pressure of 10 inm. By nitrous 
acid it IS converted into tjaidic arid. 

Oleic acids. Theory predicts a number of 
different ‘ oleic acid.s.’ according to the position 
which the doubly linked carbon atoms occupy 
ii| the molecule, quite apart from stcieo-jso- 
inerides obtained by the action fd nitrous acid 
on the several ‘ oleic aonis.’ Here only the 
more important members of this group can be 
described. 

(w) Ordinary Oleic acid 

CH3[CH.J7(’H 

' il C. 

CH[CHJ,COOH « 

is found in most vegetable and animal fats, 
especially in the liquUl ones, in conibinatton 
Svith glycerol. I’ure oleic acid is best prepared 
from talJoAv (which does not contain^ notable 
quantities of loss saturated acids than oleic acid), 
by saponifYiiig with potassium hydroxide, pre¬ 
cipitating soap solution with lead acetate, 
and extracting the dried lead salt with ether.' 
The disfiolved lead salt is decomposed by 
hydrochloric acid under ether, the liberated 
a^ld dissolved in ammonia, and the solution 
treated with barium chloride., The banum salt 
is dried, dissolved in hot dicohol, and the hot 
solution allowed to crystallise. The crystallised 
salt is decomposed either by strong mineral acifl 
or by tartaric acid. The acid so prepared still 
contains some palmitic and stearic acids, owing 
to the solubility of the lead salts of the solid 
acids in the ethereal solution of lead olcate.« 

Pure oleic acid is a colourless liquid free 
from odour. It orystrflisea in the fqrm, of 
needles, solidifying at 4°, and melting at,6*6°; 
an allotropic form melts at 16°^ Sp.gr. 0*898 


at 14"; or 0*8908 at 11*8"/4,0*898 at 15®, 0*806 
at 20", 0*889 at 30", 0*876 at 60®» 0*864 at 
78-4°. ' 

On distilling oleic acid under ordinary 
pressure, it^is partially broken up into water,- 
and into carbonic, acetic, caprylio, and capric 
acids; at the same time, sebacic acid and hydro¬ 
carbons arc formed. In a current of super¬ 
heated steam, however, it paraes over unchanged 
at a temperature of about 250". This is, indeed, 
the method by which oleic acid is prepared on a 
manufacturing scale fli candle^orks. It i? iu- 
soluble in water, dissolves ryjidiTy in cold aleohq^ 
even if the alcohol be somewhat dilute. On 
adding large quantities of w'ater toihi; alcoholic 
solution, the aeid is thrown out. 

IMiirous ai^djiit the ordinary temperature 
conveits oli-ic acid into elaidic acid. 'The 
s.ime change takes place when the acid is treated 
with sodiif.u bisuljihite under pressure at 
I75"'el80', or with suljdiurous acid, under 
pn‘Hsur(‘, at 290 ’. I’lio change, however, is 
not coiiqilett, as the reaction is a rtivcrsible one. 

On blowing air through oleic acid at 120'’' for 
2, 4, (», and 10 hours, the I'p'^^hor obtained 
respectively 0-()2, *2-ti, 3*5, a^l 0 p.e. of ‘ oKi- 
di.sed ’ aeids, insoluble in i»etroleurn spirit (e. 
iiijra}-, the speeitie gravities of the products 
rose in the same ordet from 0*8980 to 0*9098, 
0*‘H2I, 0*9123, and 0*9238 resjiectively. Simi¬ 
larly, on digeaiing oloic aeid with sulphur at a 
temperature between 130" and 150'\ sulphur Is 
alisorbed, w’lthont evolution of eulpburrlied 
hydrogen; apparently an uddition-jiroduet is 
formeil. At Inglier tenijwiatures. from 200"- 
300", Kul[)lnu*ett('(l hyilrogen is evtilvijd. 

Oleic a<*id dissolves in eoneentrated sulphuric 
acid m the cold, and forms steanc-ae.id-hydro- 
gen sulphate, Cj^lT , 5 {S() 4 H)()a; on boiling this 
jiroduei with w'ater, ^sulphuric aeid is split off 
aiul i-hydroxysteanc add is formed conjointly 
with a email (juantity of stearolacl^pne (Geitel), 
(.sec Savon iFiOATK'N). A similar change takes 
plaeo on heating oleic aeid with zinc chloride to 
185". By the catalytic reduction of oleic acid 
with hydrogen, oleic acid is conx erted quantita¬ 
tively into stearic acid (sec Lewkowitseh, J. Soc. 
Chcni. Jinl. 1908, 489). „ 

' iS'orfm/if oleaie, Naf'igHsjO,. The pure salt 
is prepared by crystallisation from absolute 
alcolml (nof from dilute alcohol). It dissolves 
in 10 partk of water Ut 12°, or in 20*0 parts of 
alcohol, .sp.gr. 0*821 at 13". It also di8S«)lves 
in 108 pifets of boiling ether. The anhydrous 
salt melts at 232°-235". 

Polasisinm olcate, KCigHj^Oj, form/ a trans- 
paitr-nt, j«.‘lly-like mas^, which is far more 
teij^ily soluble in water, alcohol, and ether than 
the sodium salt. One part of the salt requires 
for complete solution 4 parts of water, or 
2*15 parts pf alcohol, or 29*1 parts of boiling 
ether. ' - 

Ammonium olcate, NHjCjgHgjOj, forms 
j hljuid crystals?' , 

The metallic oleatfs ai“c mostly soluble in 
alcohol, benzene, chloroform, carbon tetra- 
chloride, carbon msulphitle, nitrobenzene, pyri¬ 
dine, or petroleum spiritsome oleates are also 
soluble in etker. 

Methyl ester, sp.gr. 0*879 at 18°; boils under 
a pressure of 16 mm. at 212°-213°. 

Kihyl ester, sp.gr. 0*871 at 16*J 




CH,[CH,],CH 

{b) Elaidio aeld 11 , dkoovered 

•C00H[CH2],CH 

by Boudet (1832), is obtained by allowing nitrous 
acid fumes, or a nitrite andnitrif adid, to act on 
oleic acid at the ordinary temperature; after a 
short time, the oleic acid is changed into its 
stereoisomerido, ^aidic acid. The separation 
of elaidic acid from the,unchanged oleic acid 
is readily effected by crystallisation from alcohol 
or %ther, or bf separating the leAd salts by 
means of ethCT ur benzene. It crystalliRcs 
from alcohol m ])iates, melting at 44*5''; sp.gr. , 
0‘8505 at 7y'4''/4". Jt can bo converted, ml 
its turn, into ordinary oleic acid by boiling | 
iodostcaric acid, prepared fro^* claidie acid, 
with alcoholic yjotash; s'mfbltaneously some | 
‘ i.*'o-orcic ’ acid is formed. 

(c) t.vo0l6ie acid (Para-oleic), • Solid Oleic 

acid, was described as an individnal ac^d by 
M., (1, and A. Saytzeif and was yircpared by 
distilling <-hydroxystcaric acid under diniinislicd 
ju'ossure, when a uiixture of ordinary oleic and 
‘ M‘o-oleic ’ a<^s, together with some iincbangrd 
hydrostcaric aenf, passed over. ^ 

The constitution ('ll•(’<)(>11 

aseribeil to this acid, lin.s been sliown to be 
erroneous. Arnaiid and PaKternak (Poniiil. 
rend. 1.50, 1525) state that ‘/so-olei<; ’ acid is not 
an individual, but nijuesents a mixture of 
several acids from wiiieli lnlh<'rto tlie ordinary 
y : LO-chudic aci<l, the ordinary 0 : 10*oleie acid, 
an 8, 9-elaidic acid, and a bydroxysteanc.aind, 
CigHajOs, could be isolated, but these acids do 
not yet exhaust the number of acids occurring 
in the mixture hitherto considered as ‘ Mo-oleic ’ 
acid. 

(d) Raplc acid, is the ‘ oli'ic acid ’ 

occurring m rape oil; it does not solidify on 
cooling, nor does it yitid*a solid isomeride when 
acted .upon with nitrons acid. 

Erucic acid, discovered by Darby 

(1849), occurs m the oils bdonging to the rajie- 
oil group. The acid crystallises fnnn alcohol 
lU long fine needles. Erucic acid resembles 
ordinary oleic acid in its properties ; thus it is 
converted by nitrous acid into its stcreo- 
isomeridc, bra-mdic acid; it is reduced by suit-# 
able treatment to the saturated bchonic acid. 
Oa being melted with potassium^hydroxifle it 
splits up into acetic and a.rachidic aalds. 

4 isoErucic ’ acid is obtained by boiling iodo- 
behenic acid with alcoholic potask# doubt 
this acid, like i«o-oleic acid, will be found to* 
consist^f a mixture of acids. 

III.- Acids op the Linolio SerieI : CnHspn^atOg. 

The acids belonging to thft series arc charac¬ 
terised by their property of absorbing four 
atoms of halogei^ oi* two molecules of iodo- 
chloride. Hence these acids must be looked 
upon 03 containing two jjair^of doubly-liElied, 
carbon atoms. They#readily absorb oxy^n 
on exposure to the air ; this important pro¬ 
perty is made use ot in thS arts (Ert/itig oils). 
Thev assimilate ti^o molecules of ozone. On 
oxidation with potassium permanganate solu¬ 
tion in the cold they yielyl tetrahydroxylated 
acids (v. infra). Nitrous acid does not convert 
them into solid isomoridos. By-suitablsatreat- 


m'. 

ment with hydrogen they are converted into’ 
acids of the saturated It ap;^ara, there« 

fore, that the acids belimipng to this series are 
open *ohain acids. 

Linollc acid, Cj 9 H 320 ^, occurs in considerabib 
propoHions in diymg and semi-drying oils. Pure 
linolic acid was obtained bv* saponifying its 
methyl eater. The acid is a colourless oily jiquid, 
sp.gr. O'D^O at 18®. On bromina^ng linolic 
acid, a crystalline tetrabromide f'igH 3 a 02 Br 4 , 
melting at 114"-115®, is obtained. On oxidising 
linolic acid with a dilute solution of potassium 
permanganate in l^ie cold, tetrahydroxystearie 
(sativic) acid, OigHjiO,, melting at 173®, is 
fwrmcd. Accorshng to Erdmann and i^edford, 
there exist an a* and a )3-linolic\cid,the latter 
of which yields a liquid tetrabromide. The 
formation of the erystalhne tetrabromide per¬ 
mits of tile detooVon and also approximate 
quantitative determination %>f lintfiic acid {see 
JiiNSKKD oil). • 

Several other ‘ linolic acids ’ differing from 
the ordinary linolic acid by* their- yielding 
different telrabroniides and teti'ahydroxystearic 
acids liave hccii deserilved. 'Jims fcljainr acid 
yiehl.s a tetrabromide, melting at 57®-58®, 
and a tetrahydroxystearie aeid, fnclting at 
177®. 

Elseomargaric acid, ('isUs^jO^ * 

: (JHLCrUJ^TI: CI^CHo 1,0,0011 
{ Majima). crystallises in rhombic plates, melting 
at 43'’-44®. It absorbs oxygen readily from the 
air and is thereby converted into a resinous 
mas.s. In an alcoholic (or etliereal) solution 
the acid remains unchanged if protected from 
light. On exposure to light, however, crystals 
melting at 71® are deposited from the alcoholic 
solution. Those crystals have the same com¬ 
position as elajojnarganc acid. According to 
Maquenne, tire higher melting acid, termed Jjy 
Cloez claiostearic acid, is a stereoia^imeride of 
elieomargaric acid, and stands to it in the same 
relationship as does elaidio acid to oleic acid. 
On brumination it yields a tetrabromide, w'hieh 
is identical with the solid tetrabromide obtained 
from linolic acid. On oxidising elteomargaric 
aeid with potassium permanganate, Kametaka 
obtained diliydroxystearie acid, and also azelaio 
acid and an unknowm crystalline substance melt- 
igg at 123®~125°, soluble in yater and alcohol, 
but insoluble in ether, * ^ ^ 

• • 

IV. Acids of ihe Cyclic (Cha^^moogrio) 
Series; 

The acids belonging to tliis group are cyclic 
compounds and therefore contain opjy one pair 
of doubly-linked carbon atoms; hence they 
absorb only two atoms of halogen. The acids 
are also remarkable on account of their^rojitrty 
of rotating the of polarised light. 

Hydnocarpic acid, Cj^H^gOo, was isolated 
from the mixed fatty acids of nydnocarpq^ oil 
by crystallisation from alcohol. It is sparingly 
soluble in the usual organic solvents in^e edd, 
with the exception of chloroform, in ^ich ^lo 
a^id is easily soluble; [a]x>+b 8 T®. On keeping, 
the acid becomes yellow, the meltin^-iwint, 

tlje same time, b«ng lowered; on distilling 
unijer diminished pressure, a brown resinous 
substance is left in the distilling fflask. 
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Chaulmoogric acli, was prepared i 

from the mixed tatty >tids of ohaulmoogra ml 
by orystalliaation frgffi petroleum spiritj eub- 
eequent distillation under diminished pressure 
und ruorystallisatioii from alcohol. The crystah^ 
form colourleflfl, glistening leafbts ; [a]D-p-li2-J°. 

V. Actt )9 of thf LiNonENio 

<1 

The acids oUthis senes assimilate six atoins 
of hydrogen, or three molecules of lodochlonde. | 
They are therefore assumo#! to coiLiajii three 
pairs of doubly-linked carbon atoms. 'J'hcy 
readily absorb oxygen fAmi tUe air, a jiropen^y^ 
of which oxfonsivo use is made in the arts 
{Drying oiU). According to Molitiari, tlu'y 
absorb throe molecules of o^oue. My trcatiiK'iit 
with liydrogen in the ]iregMonee of a catulysl, 
linolcnic acid is coftvi'rtcd into stearic acid. 

Linolenic acid, (H 

cHj cHsCHicn/iHo (jn:on cu.-cii.cmniabcoun 

occurs in notable <|uantitn’H in the drying oils, 
espoeiallyin linseed oil. According to I'irdinann 
there exist two hnohmu' acids, a- and /9-huolenu' 
acid, of which the a-linoleiiic. acid gives a crystal¬ 
line hoxabiouiide, melting at I7‘d . thi le- 
duemg thif? crystallmc iu'xabroiiiitle and again 
broininating the reduced liiiolenic acid, only 23 
p.c. of the cryslalliin* hex-ahroninh' is obtained, 
whence Rrdmann and Bedford conejnde that , 
the reduced acid eonsisls of a. mixture of two. 
a- and ^-linoh'nic acids. 'I’he isolali<»u and 
determination ot the ervstalline licx.ibioniidc is 
made use of in the analytical examination of 

drying oils (r. iw/uO* 

* Pure u-hnohmic a.cid is a colourless liquid 
of sp.gr. ; on exposure to the atmo¬ 

sphere it absorbs oxygen r;ipidly and increnses 
tUcreby in sp gr. 'riie ioilnie valiie of tlie juire 
acid coiTCTiponds to tbat demanded by tlieory. 
On oxidising Imoleriic acid, a In^xahydroxy- 
stearic acic] (liuusie acid), in.p. 203'-2or»'’, is 
obtained. k. 

woLlnoleniC acid, OjgllaoO... The existence 
<d this acid was inferred by Hazura from the 
fact that he obtained (<■,! oxidising tlie mixed 
linseed oil acids with potassium permanganate' 
an isomeride of linusic acid, termed uolmusie 
acid. This socoiid hexahydroxy acid lueltH^vt j 
i.73®--175”. Tlu' existence of isoimolenic acid is | 
doubtfulIjiN-SEi-m oil). ^ 

VI. Aorng^or thk OuirANonoxu! Seiukh: 

Clupawdonic acid, 

pared from its octobromidc by reduction witli 
zinc and alcoholic hydrochlorio acid. It is a 
paie yedlow liquid having a Qshy amell. I’ln^ 
acid is obaractoristic of fi^l fish, liver, and 
blubber oils. The most important derivative 
of ^his acid is the octobromide, the insolubility, 
of which is utilised for the isolation of clnpano- 
donio sksid from a mixture of fatty acids add 
thus the recognition of fish, liver, and blubber 
Oils (v. infra). The ootobromido is insolublt in 
the usual organic solvents ; it is only slightly 
soluble in hot benzene.* It does not, mfIt 
bdow 200", bnt begins to bUoken ^bo^e.this 
tonipeiature. 


Vll. Aoii>8 op the RiomoLEici Series : 

The acids belonging to this series are best 
characterised as ‘oleic’ acids in which one 
atom of hydrogen is replaced by a hyckoxyl 
group. Tlie nmst important representative of 
this scrioH i.s 

Ricinoleicacid,Oi8H3«03 1 

0eHi3-ClI(01l)t!H/CH 

I . CH[6,HJ,C00H • 

discovered by Buss}’^ and L(?^anu in castor oil. 

Mure ncilioleic acid is miscible with alcohol 
and ether in every jiroportiim. I’hc acid con¬ 
tains an asuuiiuctric carbon atom; hence it 
IS optically nf^tiye: [alp-hb'^O" to -l-7'6° (in 
acetone solu(ion). (in standing, the acid 
becume.s spontaneously polymerised to form 
polyneinolctc acidH, w'hich are easily rc-con- 
vertid into ricinoleic acid by boiling with alco¬ 
holic ])otasli and acidification of the soap. 
K.i(;inolcic acid assimilates two atoms of bromine 
or one molecule of lodoohlorido. The bromide 
IS liquid. By hydrogen, in presence of a 
'' catalyst, it is coii’v crtecl into hydroxysteaiic acid. 
3’lic acid does not alisorb oxygon on exposure 
to iur. On treatment with ozone, it absorbs 
four atoms ol oxygen, forming a jicrozonide. 

Bv oxidation witli an alkaline solution oi 
])otasHium ]>eimanganate in the cold, two 
iivdixixyl grou])s are assimilated with lorinalioii 
ot tnlivdi'oxy.stf'iiric acid. 'Fbe statement bjy^ 
llaziira and (IriK'ssner that two isomeric tri- 
liydroxystcane acids are foimed and that conse¬ 
quently castor oil contains two isomeric acids, 
VI/.. ri( umhic and isoricinolcic acnls, is open to 
grave doubts (wc Lewlnnvitscli, Chem. Techn. 

^ ' Vor tlio comjiliratc^d i;eaction taking place on 
tiealing rieinolcic aeid witb I’oncontra^d sul- 
]>liui’ic acid, r/>. Lewkowiiscb, /.(?. On sub¬ 
jecting iicimdeic« amd to dry distillation, 
o[>tK!ally active hydrocarbons are obtained. 

JiictnclaKVn' acid is foriiUMl by treating 
ricinoleic acid with nitroii.s acid. It olso is 
ojitically active; ictlj)+b'F>7t)'’ (in absolute 
alf'ohol). The acid crystallises in' needles, 
melting at. 52"-53‘^'. 

‘ ' t 

ViII. BfifYDROXYiATED Af’n)S: CrtHjwQ** 

Diljyd«p;ysteario add, Ci 8 H 3 , 04 . Only one 
dihydroxyslcanc acid has been found hitherto in 
a natural oil; it cocurs to the extent about 

Pjjp. in castor oil. The acid is insoluble in 
(tthcr, pctrol^im spiritj and benzene, slightly 
solflblo in cold toluene, more so in the hot 
solvent; it disadvea in boiling alcohol and 
boiling acetic acid, ileducing agents readily 
convert it in\o stearic acid. ^ 

ilX. OiDASio .^loirSi: Aotds op the Series 

c„h.S-!0,. 

Three dibasic a'bide belonging to this series 
have been isolated from Japan wai bjr frac¬ 
tionating its insoluble mixed fatty aoi^ in 
mend, The best known of the three acids is!— 

Jspanlo aoW, C,,H„,().. whioh^ appears to 
form,*'together with palmitic acid, a mixed 
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glyceride. The acid crystallises from alcohol from oleic, ricinoieio, linolic, and linolenic acids 
and chloroform in^ white lamina*; it is heavier by oxidation with pot^sium permanganate in 
than water; it dissolves very sparingly in. the cold. Those acids of great importance 
water. for t^c identification of the urisaturaied fatty 

• acids from which they have been derived. • 

In addition to the above naiurally occurring ; A*full description of those acids exceeds the 
fatty acid.s, there are found in various products, limits of this article, all the more so as quan- 
of the fat industdcs several hydroxylated acids | titative methods for their determination still 
or their inner aiinydrides. I'liesc hydroxylated ' require be ■w'orked out. It n^st suffice, 
acids belong to the same series as the dihydroxy-i therefore, to refer to chapters Ill. and VIII. 
la^d, trihydroxylated, tctrahydroxylated, and , of J^owlcowitsch's (%em. Ttfbhn., and to the 
hexahydroxylajed acidt? olifcaincd^respoctively i following tables, detailing briefly the properties 
___ •_ ■ 





• 

^ SohibilHv of t|jo acieWo 

• 

• 

Acid 

Forimila* • 

Mclting- 

]K>nit 

Wiiti'i 

Al('()]iol 

KMier 

• 

ObtiiJued 

from 



• 

ri,w 

ilot 

Oiild |‘ Jlo(, 


.c-l|j(lroxyi>tenric 

C,sll 350 .,( 0 ll) 

■ 

81 81'.') 

• 

IIIMllllllIl 

llisolulili; 

.sp.»rin«lv solubli' 

spuiiiiKly 

oh'lc; diddle 

-^(-Hydroxystparic 





Holiihir 

soltibb^ 

adil 

0,(011) 

77 7!) 

msoluI'Ji' 

llisolllhlc 

Spdllllirlj It'H'! KOlll* 

more sohi- 

• wfoolelc' 






soluble blrJIiuli 

)ilc than 

acid 

Dllivilrowstmilr 


I'C 

insoliilfc 

ur-i'iliihli' 

1 lOiieid 

spjirincly solubU' 

J.IU.aeid 

spiiviimly 

ordinary 

Snlivlc 

(',,11,,0,(0 ID,, 




soluble 

.'.ohif.le • 

oleic add 

17;! 

nisolulilc 

spin itich 

spilTUlRlV soluble 

lIli^olub^e 

Ihiolic add 

T/imiHU- 




Solllllli- 

sohlbb' 

• 

('„H,,„o„(01D,, 

i'o;’.-20,') 

l^]7iiuticlv 

siiluhli' 

sparniRlv sp.irincly 

iUholubl? 

Hnolenio add 

7.sDLhiiisi(; 


solllhic 


solubh' ! solublii 



(;,,ii;,„n„(oii 

17.’) 177. 

S'-oitij:!', 

HMdily 

solid)lc I solul)!*' 

lns<'Iuble 

ixolluolenic 





1 


ncid 



1 

i 

1 

1 

Acetyhited acid 


Tnereuse ; 
inwcvRlil 
on »ce,ty* 
luting 

Acid 

• 

* 

• . _ 

li’ornuila 

l'’onmi);i. • 

I'M*- Ari.fvl 

Snpmil- 

lleatioii 

■fhlup 

I’er dlLI . 

HvdroxvsU'uru- . 

.(OH) 

(ijKTf^.^OXoC.npo 

.'11^ KUO 

32«'0 

14 00 

JJihydroxystearic 



100 280*.') 

420'75 

20-58 : 

Trihyiiros) stearic 

c„n,,,,o,(oiD, 

C,^H3«0..(0 ('..Jl jO), 

47)8 .'0)7 4 

4811 0 

37-05 

Tetr.ahydroxy.stcaTic(Mnli\i() 

0,,,11 .,,0,(011), 

7)10 rM-6 

r>4D-a 

48-27 

Pentaiij'droxystearic . 

('l,ll.,0,(0ll), 1 

d.H„o«¥')f7H;,o);, 

r.74* 488-7 

580 4 

67-09- 

Hcxahydroxystoaric (llmme) 

r„ii;„o:(oii),_( 

7.:)2T. 

021 0 

00-31 


^ the more iiiijjortant^iydroxylafbd .acids and the basis of the commercial vahiatiou of nmci\ 
ortheir acctylated products. 'I'ho sc<-oiiil table fats as tallow, boiiefat, jailni oU^ and other 
shows that tlie hydroxylated a*‘tls oare bc*t vegcfablo fats. This number is Jaiown in 
chara^erised by their notalile aeetyl values. commerce as ‘ titre test' and denoles the solidi- 
11^. metliods a}t[>licahle to tlie examination fying point taken uinler^exacfty determined 
of fatty acids dividc^thomseives nat ural^' ii*o conditions (c. infra). 

(«) physical methods; (6) ehen^cal methods? The solidifying point is iiot»a physical 

T» iLi^ constant, inasmuch as it depends on the rate of 

(a) I/iYSiCAL JiKiTHons. crKiliiig of a definite quantity examined under 

The physical methods, embracing the delCT- certain conditjpns; lienee it is obviofts thftt by 
mination of the si^ceiRc gravity, retractive index, varying these citnditions, different results will 
rotatory power, and solubility, arc apjihod m bo obtained. Por commercial purjicsea, it is 
tho same manner as iIoncrAcd above f^r^h^ therefore most essential that a certain modus 
glycerides. • opcrandi be adhered to as strictly as possible. 

More important than J-he determimititm of *The mode of procedure proposed by Blilican has 
the solidifying and melting iioints of the gly- been adopted in this country, in the United 
cerides is the determination tho solidifying litatos, and in France. This method has proved 
point of the fatty acids, as valuable information itself reliable in the author’s own experience, 
of a discriminative nature pan be obtained there* ^xtpnding over a gineat number of years. Fifty 
from. grains of the fat under examination are saponi* 

Tho aolidijying poiiU of the fatty aci§s forms lied, the separated fatty acii are freed from 
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water and finally filtered through a dry plaited 
filter into a porcelain dkfl. The fatty acids are 
allowed to solidify and to stand overnight lender 
a desiccator. (At the seventh International 
CSngress, it was agreed that in those cases where 
rapidity in obtaining a rosultawas of greater 
importance than* strictest accuracy, the fatty 
acids may be allowofl to stand for a few houis 
only.) Tli^ fatty substance is carefully melted 

Titre Tests op Mixed Fatty Aimds 
(Lewkowiis#^)). 


Class of 
fat 

Kind of fat 

Anlniiil 

Horse fat 

fats 

1 Horse Jiiarrow fat 


Jiard 


1 |{wf tallow, English 


33'7 

ow fat 38*66 

42*0 

, English 38*7 

„ I 46-1 
N. Aincrlcair 41*1 


38*7 ' Lowest 

46*1 i Highest 

41*1 j Lowest 

44*16 i Highest 




1 

('Inss off 
oil 

cKind of oil 

Titre r 
testnj. ‘ 

Drying 

I-insf*ed oil 

20*fi 


Tunc oil ♦ 

37 2 


llfTiij) h«!ed*oil 

iOT. 


Sallloworoil « 

10*0 


Poppv seed oil 

1(5*2 


Soya bt;an oil 

2V2 

.Semi-dry- 

Cotton sml oil 

32 U 

ing oils 

Maize oil 

3.5 2 

HI (1 


Sesanu* oil 

•23-8 


(’fotoji oil 

HI 0 


Curias oil 



RfK.K* oil 

13 () 

Non-dry- 
liig oils 

I'l-ach kt'iuel lyl 

Almoiul oil 

13 .5 

11*8 

Atachls oil 

2<l 2 


Koi'nie oil 

38 8 


Olive oil 

17 2 


Ben oil 

2(5 A 


37 8 

Marine 

.lupaiU'se sardine oil i 

28 2 

auiinal 

. ('oil liver oil 

13 y 

oils 

Seal oil” 

2P3 


16 0 


Whale oil 

23 0 

Terrestrial 

yjeeji'.s foot oil 

1 II()rR«‘*K foot oil 

21 I 

animal 

1 28(5 

oils 

1 Neat's foot oil 

i 20 6 

Class of 
fat 

KIncf of fat ^ 

Titre 
test “0. ‘ 

Vegetable 

Chaulinoogra oil 
Pongam oi*! 

31)*C 

fats 

44*4 


Laurel oil 

15 1 


Carapa oil 

34 9 


Wargosa oil 

42*0 


Niaiii f.at 

42*6 


Mdwrah seed oil 

40*3 


Shw^butter„ 

63 8 


Palm oil. Bonny 

36''.) 


J, Bassam 

38*47 


«(», ,, Lagos 

43*925 


.. ,. 01(1 Calabar 

44*60 


,, ,, Salt Pond 

44 47.5 


,, ,, New Calab.ar 

46*56 


,, t’ongo 

,45*0.5 


! Mutton tallow, English 


S. American! 44*16 Lowest 
4 ,, 4 4(5*25 Hlghlst 

Australian 138 3 Lowest 
.. P- 43‘3 Highest#* 
(W.Ejnglish 41*6 ^ Lowest 

, M i 48*3 i Highest 
AuHtralian' 42*3.5 i Lowest 


1 . j. N. ZealtiiuV 4.5*e 

„ i 48*0 
I IWcl marrow fat 33*0 


48*05 I Highest 
4.5*0 ! Lowest 

48*0 ! Highest 


Lowest 1 
lIlglU'Ht j 


Sawarri fat 
Nutmeg butter 
Cacao butter 
^Oliiuose vegetable tallow 

Palm nut oli’ ” 

Coconut oil, commercial 

\\ *!, Cochin * 

Japan wax 


51*6 
63*2 
47-0 
31)*<)5 
48*.3-41l*(5 
4.5*2 
53-4 
20 5 
25*5 
22*55 
25*2 
25*2 
50*4 • 


in an fur-bath or over a free fiame, and an much 
of it is poured into a test-tube, 1(5cma. longaiul 
‘.i-T) oms. wide, as will fill the tube more than half 
full. 'PIh* tube iM then fastened by means of a 
cork into a wjdc-inouthed bott^%^j0 cms. wide 
and 13 cms liigli, and an accurate tliermoineUT 
(graduated in tenths of degrees from about 
- .5^ to -f having a mcrcui ybulb about 3 oms. 
long and (5 mm. in diaineti'r, and carefully 
standardised with the aid of a ‘ normal Ihermo- 
ineter’), is inserted in the fatty acids, so that 
the bulb is in the middle of the mass. When a 
few crystals ajipeai at the bottom of the tube, 
the mass is stirred by giving the thermometer 
it rotatory movement, first three times from right 
to lefts and then tliri'i* times from left to right. 
'I’he stirring is then continued, with a quick 
cireul.ir movement of the thermometer, without 
iillowing it to toiieli the sules of the vessel, and 
taking eare tliat all soKddied jmrtions, as they 
torm, arc well stirred into the mass until the Jatter 
has liecome cloudy throughout. THe thermo¬ 
meter should now be^observed carefully. A good 
plan IS to w'rite down the tem])craturo at short 
intervals. At limt the mercury will continue to 
fall, or at least remain stationary, then it wdll rise 
suddenly some tenths of a degree and reach a 
maximum, romaining stationary thereat5!ur some 
little,time before it falls again. This point is 
oalle(ithe‘t!tro ’ or solidifying pointofthe mixed 
fatty acids. ^ In the ease of dark coloured fats, It 
may bo impossible to observe the separation, ot 
crystalline flatter. In such oases, it is best to 
fiiako a*prolfminary experiment, which affords 
the necessary guidance. « 

111 Germany, Austria, and in the 'United 
slightly different Inothods of operating 
haver been proposed {see Lewkowitsch, loe, 
rit.), but as Dalic^p’s method has been made 
the basis of commercial transactions in this 
country, the United Statues, and France, new 
proposals for determining thd'titre,’ however 
acceptable they m|iy appear, have little chance 
rfisuperseding the (Aitabliahed method. The 
above tabic gives a list *of titre tests collated 
from a very large nivnber of observations made 
by the author. . 

(l») Chemic^d Methods. 

The chemical methods are arran^d here in 
a logiotfi order, bo that the order of tne desorip- 






tion may serve at the same time as a guide in 
the toohnioal exam^ation. (For other methods, 
which involve strictly scientific examination, 
f>ee Lewkowitsch, vol. i. chap, xii.) 


(FIXED) mJ) FATS, 

By substitution we obtaiif 


6S1 


(1) Neutrailsatlon Value—Mean Molecular 
Weight. 

• 

The neutralisation value indicates the 
number of milligrams of^potasaium hydroxide 
required to aatgrate on^ gram of ^Ihe mixed 
fatty ucids. t 

• • 

Neutralisation Values ot Fattv Acids. 


Neutrali¬ 

sation 

vuliio 

MKnnit 

KOH 


48:i-h 

:m-2 

280-5 

240-1 

210-1 

107- 5 

108- 0 
20(D4 
222-0 

200- 4 

201 - 8 
20.^-2 
188-3 
170-8 
181-0 
100-0 
141-7 
12^-1 
178-0 
177-0 

100- 0 

101 - 2 
1470 


- --- 

, — 



. 

j » 

l[ Mole- 

Acids 

Formula 

1 cular 
weight 

- - 

-- 


Acetic 


(10 

Butyric 

C,ll,(), 

88 

Caproic 


116 

Capryhc . 


144 

Capric . 


172 

Laurie 


200 

Myristio 


228 

Palmitic 


25(> 

Stearic 


284 

Oleic . 


282 

Linoiie 


280 

Hydnocarpic 


2 r ,2 

(Jhaulmoogric 


280 

Linoleiilc 


278 

Clujjanodonic 


27(1 

Ricmoleic . 


298 

Araehidic . 


312 

(ladoleio 


310 

Erucic 


338 

Corotic 

c,., 1 / 5 , 0 , 

3y(> 

MoHssie ^ 


452 

Hydroxystoaric . 


300 

Dihy droxystcari c 


31(1 

Trihydroxysteai-ic 


332 

Sativic 


348 

Linusic 

* 


380 


1000 


The determination of the imutralisation 
numlier is carried out in exactly^ the same 
maiyicr as is described unaer the heading ‘ Acid 
Value.’ As a rule, about 6 grams of the sub¬ 
stance should be taken; smallef* quantities 


flX 0*05(11 a 

The table in previous column contains tljp 
theoriAical molecular weights and calculated^ 
neutralisation vtuuea of pure f^tty aeids ; they 
will serve as a guide to the jiroper interpretation 
of re.sults r#l>tained in the practical examihation 
of mixed fatty acids. * 

(2) Lactones—Anhydrides^ 

Tf lilt' fatty aefUs, instead of being titrated 
with aqueous alkali inihe cold, w-ere boiltid with 
an excess of ifletiholic iiotnssiyni hvilroxide 
solution (.s-cc Saponijication value), the number 
of rmiligj-aiiis of potassium hydroxide thus re- 
quiretl to saturate 1 gram of fatty acids should 
be the same as thaitfuund for the neutralisation 
value. ])iovi(led the aiiioimF of unsaponifiabJe 
matter be negligible* In otlier words, the neu¬ 
tralisation anti Kajioniiieatiori yalucs of fatty 
aeids should be identical. Jn ^aHe, however, the 
fatty acids contain lactone.s, or anhydridt'S of 
the fatly uckIh, which do not combine with 
aqueous alkali in the cold, and arc tmJy hydro¬ 
lysed on lioiling with aieoholie 'potassium 
hyilroxide solution, then the sAyionifictriion 
value of th (5 fatty acitls will be higher Ilian the 
ncnitralisation number. 

The differenee between s.aj)()nilioation and 
neutralisation values furnishes a measure of the 
laetones or anhytlntles ]iresenl. I'lie det.eiiiuiia- 
ti<m of lactones is of importanee in the com- 
inercial examination of candle materials (e. 
Lewltowitsch, loc. cd.). 

(3) Insoluble Fatty Aeids (Hehner Value). 

Three to four grams of fat are saponified as 
described uinier 8fip(»djication value, using, #)f 
course, double the amount of alooholici|)ota 8 aium 
hydroxide solution stated there. The soap is 
dissolved in 100-150 e.c. of water ^thc alcohol 
is drivgn olT completely until tlio .soap 1 ms 
beeome^pasty), acidified with dilute sulphuric 
acid and warmed until the liberated fatty aeids 
float on the toj) as a rfear oily layer. This is 
[►brought on to a filter-paper of about 4-5 inches 
diameter, previously dried at 1 (K)^' and accurately 
w<iighcd in a w-eighing bottle yr a small beaker 
(covered wiLli a watch-glass). The filter-papej? , 
should he of stout material, as ordinary filtering . 
paper readily allows the liquid to run through 
turbid. A good plan to prevent tbi^is to have 


until all the liquid is added. Finillly,ithe fatty 
acids are wasiied on the filter with boiling -water 
until a few c.c. of the wash-water do not redden 
sensitive tincturt^of litmus, in the cas# of f#ts 
belonging to the coconut oil or dika fat group, as 
also in the case of butter fat, 2000-3000 c.c. of 
yvash-water are required. The washing beyng 
* —leted, the funnel with the filter is immersed 
vessel of cold water, so that th# water 
outside and the acid inside arc at the same level. 
Thi water is then allowed to drain off, the filter 
is transferred to the beaker in which it had 
previoyjsly been weighed, is dried at 100® for 
1 2 nqjirs, and weighed. The fatty matter is 
1 ^orH-1; 0«16; 0-12. 


influence on the result. •From the neutralisAion* 
number thus found, the mean motecular weight 
of the fatty acids may be cal^ylated as follows: 

Let M be the molecular weight expressed in 
grams. Theory requijes that M grams be 
neutralised by 66-1 grams of potassium hydroxide 
KOH. Let n bo the number of grams of potas¬ 
sium hydroxide found by experiment to neutr^id'! 

1 gram of fatty acidf; then we have the | 

* ®_’ in* a vessel 


proportion 

M:661: 


1: ft; hence, M=56-l/a 


n is found by multiplying the number found for 
1 gram of fatty acid by,0*06(jl. If that number 
be a, we have 

• »=ax 0-0661 
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dried for another hour or an hour and a hjdf, 
and w«'i^hed again. ^'Tho clifferenco between 
the two weights wiil, as a rule, be below 
milligram. 

• Strictly concordant results arc not obtainable , 
by this method, as it ontailsfta number of in-' 
herent errors, dttailcd consideration of wbu-b is i 
reqiiiK^d in each speciial case (see Lewkowitseh, ' 
Chem. To^hn?}. ^ i 

Most oils and fats yield about 65 ]).c. of 
insoluble fatty iRids : only those fats winch are 
characterised by high Iteichcrt.values yu'ld Jess I 
than 65 p.c. It should be nftted that the ‘ fatty ' 
acids ’ incliidi' the im-Map^unliabh* niatter, unless 
the bitter lias Ix'on removed from the sof.pi' 
flolutiitn. In the majority of eases, and esjjecjally ^ 
in analyses of iinadultiTated bits fur comnier< ial ■ 
jmrposeH, the annnint. of unsapouitiable matter 
may be neglected. • 

(4) Volatile Fatty Acids. 

A notable aniunnt of volatile fat-tv acids is 
indicated by a <lcfiint(“ Ueieliert-Mi'issl value of 
the glyeeridi's, as also by a notable titration 
number of the insoluble volatile fatty acids 
Tlic approximate sejiaratiini of the solublt' 
volatile fatty acids has been desenbed above 
(For further details and ilic ap])lication of the 
nn'lhod for the <lctcrmuudion of tln^ V(»lati1c 
fatty aeids in the I'xannnation of butter fat and 
nnxturoH tbereof with coconut oil and pahn- 
Uernel oil, s(c Lewkouitsob, Inc. cil.) 

(5) Separation of Insoluble Saturated from 
Unsaturaled Fatty Acids. 

The preseuee of unsaturated fatly acids in 
the mixed insoluble fatty mids is delcdrd in 


with 160 c.c. of water, heated to the boiling- 
pomt and gradually run intp the soap solution, 
with constant shaking. The flask, containing 
the lead soaji, is filled completely with hot water, 
and then aljiowed to cool. When the liquid has 
become clear is poured off through a filter. 
Aa a rule, the solution ia so clear that no solid 
])artielcs will be found on ^hc filter; should 
there be any, they must be brought back into 
the flask. The precipitate in tlie flask is washed 
tlioroughly with boiling watej, with the pre¬ 
caution o^ cooling Ihe hot folntions before 
filtering, thus causing the tead biiHh to adheie 
to tlie Hides of the flask. The last drops of water 
may be riunoved by means of a thin rollpf filter- 
])a])er. Jt jspot advisable to dry the lead suits, 
as in the casi' #f ^frying oils tiicy al^sorb oxygen 
from the air somewbat rapidly. Next, 156 e.e. 
of ether are added to the lead salts, and tbe 
llask is coi'f.ed and sbaken nqieatedly, so that, 
the i»palts may disintegrate. M’he flask is then 
attaebi'd to a rtdlux condenser and heated on 
a water-bath for some little time, Milh frequent 
shaking. 'Pin' lead Halls of the liquid fatty acids 
dissolve naulily in tlie hot (d.h^r.Conjointly with 
'soim* fractions of tbe salts of llic: satmaled 
acids; iindissolvod Halts, if any, settle out at 
, the bottom of the llnsk as a fine jiowilcr. If 
.ill ojMTatnms are eondueted somewbat rajudly 
.i,n<l unneressary exposure to tbe air is avoidecl, 
worlcmg in an atmospbeie of an inert gas 
can !h' dispensed with. The ethereal solution 
IS then allowed to eool down t<i the ordinary 
1 temiieratiire nml tbi' solution fdtered through 
a ]>!eatvd tdti'r (kept eoviaixt with a wateli- 
glass) into a separating fiinmd. 'I’he insoluble 
salts are bi'oiight on to tlu^ lillm liy W'asluilg 
til*' llask thiee or four times with ether, 'M) e.e. 
being iis(“d each time. 'Phe ethereal solutionis 


the readiest manner by determinmg lh<‘ iodine then sliaken with a*mi\lnre of one jiari of 
vfiluc of the mixed fatty acids? tins imdliisl Itydroehloric mid and four paits of watm-, in 
offers an afdditioiml advantage m tliat if fiirnishcB order to deconqxisc the lead .salts* Tht- ether 
a measure of the iin.s.atnraled latty aeids. miicli dissolves the fre^ fat.ty acids as they arc 
as the lodiuo value of the oils and fats affords a hherated, whilst the undissolved lend ebloride 
measure of t.lic imsatuivated glyr<‘nd^s. Tlie settles out at the iiottom of tlie separaling 
mi.scd fatly aoid.s as obtained from the natural lunm‘1. After separation tnto tun layers has 
oils ami fats wjil*ahvays have a definite mdine taken ])laee, tlu* avid lujuid is drawn oft' and the 
value. • ethereal layer is washi'd with small<quaTititu‘H 

The best —although still impei-feel—nietboff of uater until the wash-water is free from acid, 
of separation is based on the solubility of (be Fnvrlly, ibi*. ethereal solution is filtered tbrougli 
lead salts of l.berinsolulih' fatty aeids in ethtn'; a small ])lea*ced filter into an ordinary flask. In 
in this menstruum the lead salts of the solid case tlii'liljuid fatty rfeids conHist chiefly of oleic 
fatty aci^H, if free from liquid acids, are almost arid, the results will be sufliciently accurale, ii 
insoluble. This method is best carriod out in* the et^ier^lw^ evaporated off on the water-bath 
the following manner as woiked out in tbe and the residue dried in a watcr-c^en. If, 
author’s lfr^orat<»Fy; it consists of a c<.ml»ina- j howevi'r, the jiro.senec of less saturajed fatty 
tion of the several modilications of the original'aci^s (from linseed, sc^/a boan, maize, marine 
Gusserovf-Varrentrapp metliod, projioscd by tinjpialH oil) t^uan oleic is suspected, the ethereal 
Muter and de Koningh, and by Lane :— solution should bo distilled off in a current of 

3 to 4 grams of fatty acids are neutralised dry hydrogen ^51 dry carbon dioxide. The 
irf a 300 o.c. flask with 50 c.o.rof approximately flask is ther immersed up to the neek in warm 
half-normal aqueous potassfum liydroxido sobl- water, which is finally Wnght to the boiling- 
tion. In case the original oil or fat be emjiloyed, point. Thus the last traces of moisture are 
3-4 grams are saponified in the usual mannej ^j.-emoved. i- 

with 50 c.o. of approximately half-normal On the filler there «:emam the lead soaps of 

alcohoMo potassium hydroxide solution in* a the saturated fatty acid3,jWhich' arc decomposed 
800 c.c. flask. Phcnolphthaicin is added, tbe by treatment with bydrophloric acid, so that 
solution 18 slightly acidified with aeotic acid, the saturatejl fatty acids can be removed and 
and finally titrated with alcoholic potassium further examined. The determination of the 
hydroxide solution until Reutral. The solgtic^i is iodine value of the,liquid fatty acids will furnish 
then diluted with water to about lOd C.C., 30 approximate indication of th^ composition 

of a 10 p.c solution of load acet|^te are diluted of tKb liquid fatty acids.,, 
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(6) Sepuatlon and Estimation of Individual 
Saturated Fatty Acids. 

In the present’stage of our knowledge only 
the following solid acids can bo determined with 
approximate accuracy. , 

Arachidic acid. —The solid tfatty acids ob¬ 
tained from 10 grams of oil by the lead-sall- 
ether method are^dissolved in 50 c.c. of 90 p.c. 
alcohol. In the presence of arachidic acid, a 
crystalline mass separated! out from the cooled 
solution. Thi.s consists, in the case of arachis 
oil, of a mixijjre of aA.chiclic anfl lignoccric 
•.cids. The crystate are filtercMl off and washed 
on the filter, first with a jneasun'd quantity 
of 90 p.c. alcohol, then of 70 (by volume)^ 
alcohol which dissolves hut sn^ill quaiititii's 
of the crude arachidic acid., 'Wic crystals are 
finally dissolved by pouring boiling absolute 
alcohol on the filter. The lilti’ato is received 
in a porcoliun dish or in a fiask, e%a]>orated to 
ilryness, and tlie residue is weiiihcil. tlie 
weight of crude aracludic acid thus found, 
the quantity dissolved by the 90 ]).c. alcoliol 
used for wasJiing {taking as basis fcir calculation 
that 100 c.c^fcdissolve ()'0022 grain at 15''', or 
0’045 gram at 20”) is addoil. Finally, tin# 
melting-point of the crude anulndic acid is 
dcternimed. This should he fioin 71” to 72' 
{cf. Lewkowitscli. t'hcni. Techn.) 

Straric acid. —'Fhe determination of sleaiic 
acid is based on the jirnn ijih' used by Casainajoi 
for the separation of sugars, and dcjicnds on 
tlio fact that on Ircatiiig mixed laity acids 
with an aicoholK* stilution of i)ur<' stc'aiK! acid 
saturated at 0'‘, all tlie lower satinaleil fatty 
acids, as also the nnsaturate<l fatty acids, are 
dissolved, when'.as st^carn; acid rmuaniK nndis- 
solved. 

Jt should bo noteil that if any aracludic a<-i(l 
be present as well as sti'aric a<-id, the separated 
acid consistH of a nfixluro of the two. Tii 
such rtascsf it is advisaWe first to sc])aratc olT 
the aracliidio acid by thc^inct-hod described 
above. 

This principle has been worked out by 
Helmer and Mitchell as a method which yields 
m many cases, but not imevery case, rcliahir 
results {cf. Lewkowitsch, lac. cil.). 

The stearic acid solution is prejiarod *by' 
dissolving about. 3 grams of pure sti'anc acid in 
1000 c.c. of waiin (methylated) alifldiol of sp.gr. 
0’8183 (containing94*4 pJ^!. ol iilcohoTby volume) 
in a stoppered bottle. Idie bottle is immersed 
up to the neck in iee-water (kept iHo-chest* 
well pMteoted again-'t radiation of heat), and 
allowealto stand in the ice-water overnight. 
After 12 hours, the molfier liquoris siphoned ofTf 
without removing the flask fron^tlie ice-w|tt^’, 
by means of a small thistle funnel immersed in 
the alcoholic solution and cif^ered with a piece 
of fine calico (so as to retain the 8e{\jirated stearic 
acid crystals in thp flask). The funnel is twice 
bent at right angles, and is best fitted into a 
suction bottle, so that the cl8ar liquor cai^ bp 
dra^vn off by moans sof a filter-pump. The 
method is carried oi^b as follows: 0*6 gram to 
1 gram of the miyd fatty acids, if solid, or 
5 grams if liquid, are weighed accurately in a 
fiaik and dissolved in 100 c.c. of the above 
alcoholic stearic acid solution. The ftosk is 
placed in i^e-watey overnight, the mixture is 
agitated the following morning while th# flask 


is jtill kept in the ice-water, and then allowed to 
( atind for at least ha}f«an hour in the ice-water 
,iii order to promote crystallisation. The 
alcoholic solution is then f^tored off as described 
above, care being taken to draw off the solutiqp 
' as completely a| possible. The residue in the 
flask is washed three times ii^ aucoession with 
i 10 c.c. of the alcoholic stearic acid solution, 
previously* cooled down to 0°. The crystals 
• adhering to the calico of the thistle’funncl are 
' then w’aslicd with hot alcolictft into the flask, 

I the alcoliol is evaporated off, the residue dried 
i at KM)"' and weifth(^l. In case the melting-point 
j be much bidow' tin* author considers it 

' iVoe.ssary t-o tiyat ilto j-csiduc oneo more as 
I de.scribed above. A eoiTcction O’Otff) gram 
' should be made for tlie stearic aeid retained on 
ih(‘ walls of (he Musk and in the udiiering stearic 
aci'l solution. 

It lias been shown by Ifolland, Reed, and 
Kuekley that a .soiuee of error in tins method 
IS the oc(;asional .sipiersaturation of the solution 
ow’iug to the jH'esence of iiisidficfent stearic acid. 
'I’o obvuate this they add a weighed quantity 
of )iun‘ stearic aeids to the fatty acids, and 
ilediict this from tlie weight of the deposit. 

• 

(7) Detection, Separation, and *^pproxknate 
Estimation of Individual Liquid Fatty Acids » 
- - Oleic, Linolic, Linoleqic, Clupanodonic. 

'['ho liquid fatty acids are separated from the 
total mixed fatty aejd.s by the lead-salt-ether 
metiiod ; thus i>reiiininary inlormation is ob¬ 
tained as to which fatty aculs may be present. 
Ill the i>resent state of our knowh'dge. attention 
can only be directed to the detection and detcr- 
mmation of oleic, hnolio, Imolenie, and elnpano- 
doiiK* acids. If the lotbne value be found to lie 
in ih<‘ neiKlibourhood of 90, ibo liquid fatty 
acids may lK#<-ousi<leVcd as consisting of practi¬ 
cally pure oleic acid. If the iodine value be 
Mundi higher tlian in tlie case of the majority of 
|nir<‘ v('gctal)le oils, tlic presence o/ linolic and 
liiiolon^- acids must be suspected ; in the case 
of oils, belonging to the marine animal oils, the 
jiresmicc of eIu|>anodoiiic acubmust be expected : 
in the ca.se of mixturtfi, of cour.se, the presence 
of all these acid.s has to l»e assumed. 

The presence of linohmio and (or) clupano- 
djuiic aeid.s is aseertniuod thy the bromide 
tost, whicfi jiernuts at the aarno time o£»ia* 
quantitative deteimination of the insoluble 
bromkfos. The bromination test canV' applied 
to the original mixed tatty acids tvithout the 
necessity of separating the siiilid fnffh the liquid 
acids. The mixed fatty acids are brominated 
m the same manner as alreftdy* described 
in the bromide tost: 0*3 grams of the fatty 
aeids are dissolved in glacial acetic acid, and 
the solution is ^looled in a gorked flask to*6®. 
The further treattnent is identical with that 
desoribed above {Bromide teat). The ether, 
insoluble bromo derivatives consist eithes of 
octobromido or of hexabromide, or of a mixture 
ot both. If the melting-point of the insoluble 
bromides lies between 175‘’-180°, linolenio hesa- 
bt^mide derived from a drying oil has been 
obtained. If the bromide has not melted at 
1^0” pr not completely melted, and blackens on. 
hea^ug to^200® or above, then an octobromide, 
characteristic of a marine animal oil, is present. 
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If a mixture of hexabromides and octobromiMcs; 
bo suBpcctod, the bronflidos aro separated ^by 
boiling with benzene,^ in which the octobro-, 
mides arc insoluble (cp. Lewkowitsch, iewf. vi(.). 
Researches (unpublished), made by the author, 
prove that it is not permissible to calculate; 
the amount of,,hexabromides to drying oil,' 
as ni)(- only a certain amount of hexabromidi'S 
remains dissolved, but also because^liquid iso- 
raondca of hoxabromides appear to be formed. 

'I’he filtrate from the octobromides and (or) 
hexabromides (jontains, m addition to some dis¬ 
solved hexabrotuidcs, tetrubn^midcs and di* 
bromides . the forinei can be isolated by evajio- 
rating off tlie etlier ainl l i'calin^ thi‘ residue with 
boiling light ^letroleurn. On cooling, crystals 
separate out which represent, in most cases, a 
mixtiu’o of hexabroinidi'S an<{ tctrabroinides and 
exhibit molting-])oinis lying between and 
13()''. Thus the autlnn' found in the sejiarated 
fatty acids of linseed oil, ,311*37 p.c. of hexa- 
bromidns of m.p. ]8r\ 3 011 p.c. i)f bromides, 
m.p. 151'\ 7*H3'}) c. (*f bromides, in.]!. 142'^, and 
2*3K p.c. of bromides, m.]). I3r>'-13<)‘^. By re¬ 
peating the treatimmi with etlici ami by 
renewed re-crystalhsation from boiling petroleum 
spirit, tetn-abromidcs of Die a])]iroximately 
correct meltmg-point of juirc crystalliiu' linobe 
tctr‘abronu(ie, viz. j (^aii be obtained. 

'I’lio following tabic contains the amounts of 
insoluble hromi<lcH fV)iind in the mixctl fatty 
acids from vegetable oils and marine animal oils. 


i Yield of (‘th«T- 
I insoluble bro- 
I iiiide from 
bitty acids 
! 1»T cent 


tlexa- 

bfpinUU*: 


Lnifiocd (ioiline value 181) 20 Ofi ; 20 31 

,, ( „ „ J8-t) .! 31 31 ; 30-41; 

' i 30 80 

«.. lOO 4) I 38 1 ; 42-0 

Ji(|iii<l acids (Iodine ' 34 9 

\!tltic 208) 

Caudle nut 


I II 


Octo- 

broniidcaj 


Stillingia 
Salllowur j 
Soya bean 
Rape 

Ja]iau flsli (old sample) 
(fresh samples) 
Tlcodorisf.d (Ish 
Cod liver, Morwcgiaii 
Newfoundland cod 
Gliark liver 
Seal 

Whale (old sample) 

■*. (freith samples) 
Herring 


ti; 1123; 
iyC3 
2u-78 
1 05 ; 0-C5 
5 1 

2 4 ; 3*4 

23 04 ; 23-32 
44-2 : 47-1 
38-42; STSF 
2!)-86; 30*36 


Oil 

Soya bean oil 
Maize oil 
Cotton seed oil 
Sosamd' oil . 


Linolic acid calculated ftom 
separated tetrabromide 
f %X p.c. 

. ’28 , M 

. 21-24 
. 16*6-16*4„ 


! 39-1 ; 
i 12 68 - 
, 19*l;3 
i 1-2-38 
: 22-.59 
i iii-7: 


37*70 
15-08 
19*9.3 
12-44 
27-77 
21 7 


(8) Estimation of Oxidised Fatty Acids. 

Under the term ‘ oxidised Vacids is compriswl 
a cia.ss of fatty acids occuning in those oils 
and fats which have l3een treated with oxidising 
agents, as in the prev^esa of blowing witb air 
or oxygen. The change which tome of the un¬ 
saturated acids undergo is fiot yet fully undci® 
stood, but this much is certain, that through 
‘ blowing ’ or '■* oxidising ’ a certain proportion 
of aeid-s is obtained which aro characterised by 
their insohibiliCy^n petroleum spirit. 

The quantitative estimation of oxidised 
acid.s is can-icd out by FaJirion’s method as 
follows : 4 to C) grams of the sample are saponified 
in tlie usual manner -with alcfiholic potassium 
hydroxide solution; the alcohol is evaporated off, 
the soa]) IS dissolved in hot water, transfened to 
a s<*[>arating funnel, and deeomposed with 
bydrocbloric aeid. After cook’nf^,'the liquid is 
shaki'ii wit h }K!troleum spirit (lioiling below 80' ) 
and allowed to stand until it has BCi>arated 
completely into two clear layers. The insoluble 
oxidised fatty acids will be found to adhere to 
the sides of the funnel <jr form a sediment in t he 
petroleum layer.' The aqueous layer is drawn 
off, the petroleum layer poured off, if neeessary 
through a filter, and the oxidised acids are 
washed wuth jietrolcum spirit to remove adhering 
ordinary fatty acids, in ease the amount of 
oxidised fatty acids be large, it is advisable to 
dissolve them in alkali, decompose the soap with 
hydrochloric acid, and shake out again with 
petroleum spirit, so as to remove completely any 
occluded soluble fatfcy^ acids. The oxidised 
acids are then dissolved in warm alcohol or 
ether, the alcoholic or ethereal 'solution is 
transferred to a tai/id basin, the alcohol or ether 
is evaporated off, and the residue dried until the 
weight remains constant. Thus the proportion 
of oxuUsed acids is found. (For further in¬ 
formation, cp. Lewkowitsch, loc. cit.) 

I) 

' 111. Examination of the Unsaponifiable Matter. 

The unsltponifiabie matter is isolated in 
substances'- as described above and can be 
immediately further examined. In cast a 
samplu) ifl^er examination has not been 
adulterated with mineral oil, rosin oil, or tar oil, 
the amount of unsaponifiable matter ij^ll, as a 
I'rulcff be veiy small, ^s stated already, the 
! tnsaponifiablfc matter consists chiefly of sterols; 

' in tnc cose of vegetable oils oiphytoaierol (mostly 
dlosierol); and the case of animal oils and 
fats of cholesterol. 

In addition to sitosterol, ^here has also been 
found in a number of vegetable oils, stigma- 
stefol; and in rape pil, brassicasterol. The last 
^wo phytosterols canno^.be considered here {cp., 
however, Lewkowitsch, loc. cit.).- 

The examinatiou of the' unsaponifiable matter 
furnishes, therefore, a mealns of distinguishing 
between vegetable and animal oils and fats. In 
case a mixture of both vegetable and animal 


In the ease of semi-drying oils, which are 
prfrJtica^ly free from liriolenic g,cid and contain 
considerable amounts of linolieacid, the brpmina* 
tion may be carried out in petroleum spirit, when 
linqkc tetrabromide of the melting-point 112°- 
113° can readily be obtained. .In this case also, 
isomorift soluble bromides are formed, espociaKy 
ifi^an excess of bromide had been used, so that 
the weight of the tetrabromides is much ^by 
50 p.c.) below the actual amount of linolic acid 
present. The following t^les contain a nijm^ier 
of d^'terminabious carried out in the author’s | products be present, a mixture of pbytosterol 


laboratory. 


i and cholesterol is, of course, obt-ainid. 
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For the exaQiiiiation of tho unsajionifiable 
matter^ th© isolateid substanco is dissolved in the 
smallest posaibih aihount of absofute alcohol and 
allowed to'orystalUso. If notable amounts of 
colouring matters and resinous substances are 
a1»ent, as a rule well-defined ^ryslals are ob- 


X 


O’ 



Fio. 
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Jmry information as to whether cholesterol 
on^, or sitosterol only is present. Ultimate 
Lreliance should not, hoM%vor, be placed on the 
meltifig-point of the second croj) of crystals, 
for in most cases it is necessary to rccVystallifjLJ 
th© crystals at %a8t three more limes. If tho 
melting-point of the fifth (or seventh) crop of 
crystals be found to lie below 115° or the 
absence ofijjtosteroi may be I'cgarded as eertair. 
A gradual and distinct rise of the mel1?lng-p(lint^, 
above 114°, in the successive i,f«-ops of crystals, 
is the best indication as to the procedure to Ic 
adopted. * ^ 

A raiud method of so])aratiiig cholesterol and 
jN*yl'-»«t<^r<jl»devi.sc(ll>5’Windaus,istotreatthc 
« *i 1 ’ 1 fatty acids with digitoiim.^which^irecipi- 

tates cluiractcrislic digitoindcH of the alcohols. 


tained. Otherwise, 
must be dissolved in 05 p.c.' alcohol and the 

._1 1.I* 1 1 


solution drcoloriscd by aniiifal charcoal. The 
crystals should thou he exaniincd under tho 
microscope. Cholesterol crystall^es iu the 
forms shown in Fig. 5, sitiratcrol in crystals 
shown in Fig. (i. 


/I 






$ 

4 
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Jn the prr.^enee of botli cholestorof and 
•sitfisterol, the microacojno <‘xaimnafion furinsbo 
very uncertain results {cp. Lewkowitach, loc. 
di/.y 

The uncertainty inherent in tJic miero.sropie 
tost is removed by carrying out Doiner’s 
phytostoiyl acetate test. 

PhyloHleryl acetate te^l —The alcoholic solu¬ 
tion containing the crystals is evaporated to 
dryness or^a water-bath, and the residue heated 
for 2 or 3 minutes in a small porcelain dish with 
acetic anhvdndo (2 to 3 c.%. per 100 grams ul 
original oil or fat) over a small flame until the 
solution boils, tho dish being covered vith a 
watch-glass. The watch-glass is then removed, 
and the^excess of acetic anhydride evaporated 
off on the water-bath. The contents of the disb 
arc next heated with the smallest possible 
(quantity of absolute alcohol ; in oAler to preveiit 
immediate solidificationfor crystallStatioii, a few 
c.(f. of alcohol are added, when the mass is 
allowed to crystallise. Byspontanjous svapora- 
tion, about one-half or one-third of tho alcohol 
volatifl^es and the acetates crystallise out. The 
crystals are filtered (jp. through a small/iltej-, 
and washed with a little 95 c.(k alcohol. Tlio 
acetates are brought back from the filtei* into 
the dish, dissolved in 6 to*<0 c.c. of absolute 
alcohol, and ^gain allowed to crj'stallise. ^J’he 
crystals are filtered off, and their melting-point 
is determined, oince cholesteiyd acetate melts 
at 114*3®-U4'8° (corr.),, wliercas crystais of 
sitosteryi acetate obUined from different ^ds 
and fats melt above 126°, the melting-point of 
the second crop of crystftls will furnish pre* 


In a .8iin])le modification of this test the 50 grins, 
of the melted fat are .stirred for 5 minutes at 
G0°-70‘^ Avith 20 c.v. of a i»p.c. alcolmlic solu¬ 
tion of digitcnnn. aivl the precipitate filtered off 
and converted into phytosteryl or cholesteryl 
acetate. • 

Th<“ cholesteryl acetate test is absolutely 
rolial)l(‘, nrid superior to all other tests aiming 
at the detection of vegetable oils and fats in 
animal <iils, hikIi as the detection of»coconut oil 
til buttin' fat or ol vegetable fats ami oils in lard, 
'1,’he sensitiveness of 1 bis test is so grtat thaf even 
1 p.e. of an adchnl vi'gelable oil or fat can be* 
detected. 'I'liis great si-Msitiveness has led to 
cndeaAnnirs to circumvent and render illusory 
the indications of the phytosteryl acetate test 
by adding to fats adulteratinl with vegetable 
oils or f.it'^, minute quantities of paraffin wax. 
For the dcteiniiuation of such added paraffin 
Avax and the rmiioval thereof, ^eeJjCAvkovvitsch, 
loc. cit. 

If large quantities of unsaponifiable sub- 
stances have been mixed Avitli an oil or fat— 
which 18 rearjily asei'rtamed in the sapomticalaon 
test by obtaining an abnormally lovs saponifica¬ 
tion value—then fraudulent admixture with 
solid or liquid hydrocarbons may be considered 
as established. Solid hydroearbofis are recog¬ 
nised By their consistence and identifieil by their 
melting-poinls. Liquid upsaponifiable sub¬ 
stances consist of h;s*drocarbon8, belonging to 
one of the folloAving three groujw :— 

{(/) minerul oils, (b) rosin oils, (c) tar oils. 

, For the idcnlifieation ^arid approximate 
uetermination of these, ^ec Lewkowitsch, Chfim. 
Tcchn. 

TIa) foregoing methods should Enable the 
analyst to identify the more coniiiiOTi individual 
oils and fats and recognise,them when mixed, 
and to determine approximately their relative 
proportion, but it must be borne ii^ind that 
the introduction of hydrogenated oils (q.v.) as 
commercial products has greatly increased the 
difficulty of tho problem. In order to^facilitate 
tho problem, following tables, arranged in 
the order of a practically natural system, should 
bo consulted. For a number of example8-A|hich 
may be of assistance in the exam.-nation of com- 
•pheated mixtures, and for particular of less 
known fats, cp. Lewkowitsch, loc. dl. 
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I 



a 

ai 

cn 


\ 


Vegetable 


Characteristics 



1 


i ' ' 

i 

1 






Solidi¬ 

Melt* 1 

Sapotilflca 
tion' -aliie 


Oils 

Specific gravity ; 

' ' i 

fying 

point 

iiiB- 
polnt j 



‘'c. 1 

f ! 

’ 

^v. ! 

EUH . 


■ 


i 

! 

■ 

UlK^ 


I’erllla 

1 

20 0 ■ 

0 0300 ' 


— 

J 80 0 


Jjiisc’e<l . ^ 

15 (' 0 l)dl5 0 1)315 ; 

i ! 


-20 

.102-105 


'J'unj; (rt) . 

15 0 '0 <):{()0-(M)Bj2; 

below 


103 0 


(b) JjlpHUl'hO 



“ 17 

IiiIIIkI 

102 0 


(’iiiullirimt , . 

15 5 

0 9250 ^ 


It- 18 



Hunips(‘Oil . 

15 0 !0 i)255-0 0280' 

- 27 


102-5 


Walimt; Nut. 

15 0 10 0250 0 02C)() 

27 5 

— 

I05'0 


S.itllowoi 

15 5 lo 0251 0 'I2K0 

-- 

— 

1800-1033 


Pojniy seed . 
Simflc/rt’er 

15 0 (0 0210 •0 0270 

- 1 s 0 -- 

— 

105 0 


15-0 :0 0240 0 

-IS 5 

— 

193'5 


Suva buaii . 
Caniuli'K' (GeruKui 

15-0 

) 0242-0 9270 

1 O 20 f^-(r 02 (i 0 

-SO 

- IS 0 


102-7 

188 0 


Sosiimf-) . 

15 0 i 

— 


!‘uiiipkln sood 

J5-0 ! 

0 0237 

- 15 5 

— 

188 -1 

& 

p 

AJalze; corii >< 

i5’5 

10213-0 0255 

-10 to 
-20 


I8M-103 

c 

fe 

Ma<liu . 

15 0 

0 0285 

-12 0 

— 

192-S 

Dcoch nut 

15 0 iO 0200-0 0225 

-170 

— 

191-100 


Kapok 

lS-0 

0 0100 


— 

181 0 

TS 

Cotton 8(‘«d 

15 0 

0 0220-0 0250 


3 to 4 

103-195 

1 

Sesam(* 

15 0 

0 0230-0 02.:7 

- 5 0 


180-193 

o 

('ureas, purginii nut 

i:.-5 

0 0204 

-8 0 


193 2 

6 

Brazil mit . 

15 II 

0 OISO 

0 1 


193-4 


' Croton 

15 0 

0 0500 

- U. 0 


210-215 

c 

]{avn^>n 

Hedge inustiird 

J5 5 :o-yJ8;M)‘02l7 

-80 


174-179 


15 0 

0 0175 

-8 0 


174 

t 

Bape (Colza) 

J5 5 

0 0132-0-9 HIM 

2 to 
- 10 


170-170 

6 

Black ifnistard 

J5 0 

0 0j(;-0'020 

- 17 


174 

■s 

Wliite iiiiislurd 

1 5 5 

0 OIJ-O-OIG 

- 8 to 


170-174 

at 




-1(5 



o. 

lladish seed . 

} 5-0 

0 9175 

- 10 to 
- 7 5 


173-17S 

Juiidta 

15 0 

(1 9154 

- 10 tu 


172-3 




•• 12 




/(’iKTiy kernel,, 

i5‘0 

0 0234 

- J 0, .to 
-20 


103-105 

“ 

Apricot kernel 

15 5 

0 0105 

-14 

- 

102'5 

S) 

VlmUjkernel 

i5-0 

()-oioo-o-oio:) 

* 

- 5 to 
-- 0 


luro 

L (t- 

S 

reach kcinel 

15 0 

0-0J8-O-0215 

below 


102-5 

'0 



-20 



c 

o 

Almond . ' . 

15-0 

0 9175-0-0105 

-JO to 


j 191 

s 



— 20 

4 ►< 


< 

^ AracH8(cK)UDdnni 

160 

0-9170-U-0200 

-3 to( 


i ]00-19i\ 

§• 

Hazel Eiit . 

150 

0‘0140-U-9170 

-17 


! 102 


Tea seed 

15*0 

0'91C3-0-927 

— 5 to 


180-195 

£ 

Olive 

15-0 

''0-916-0-918 

-Otol. 

- 

185-190 

O. 

‘Olive kernel 

15-0 

0’0ie4-0-0191 

— 

1 

183 

\ Ben 

150 

0-9120-0-0198 

1 ‘‘a 


— 

g_^g‘if3rapeBeed 

15-0 

0-935 

,~J0 fo 
~ 13 

— 

178-5 


^Bi'Cftator . 

15-5 

O-OGOa-0-0079 

-10 to 

— 

183-186 

o 



-J8 




Iodine value 

1 

1 

Eoicliert ! 
(R.) or 1 
Tleichert- ! 
•Meiesl 
(iU.-M.) 

1 value 

Insoluble 
fatty acids 
+unsApon- 
IQnblo 
matter 

Per cent, j 

i\,N.-K0H 

<• (■ j 

Per cent. 

200 

171-20J 


05-5 

150 105 


02 2 

103 7 

i “ 

95T> 

1 148 0 

1 145(1 

129 8-140 0 

1 133 143 
! IJO 135 
137 111 

i - 

(J 

05-4 
05-37 
95 2 
! 05-0 

i 95-6 

: 135-112 

i - 



i i“.i i;!U I — i W- 
Iia-i'i". |4-5(B.-M.)| '.w-oo 


117- 110 1 

__ , 

_ 

104-111 j 

' 

05-2 

116-0 ! 


01 0 

108-110 

— 

05- 96 

103-108 i 

1-2 (K. -M.) 

05-7' 

08-110 

0-5 (K.-M ) 

05 3 

00--J0G 

_ 

_ 

102r]04 

J2-13-6 
(Jl -M.) 

80 0 

101-122 

-- 

— 

105 

— ii 

— 

94-102 

0-3 

05*1 

110-110 


05-1 

' 92-97 

- 

06-2 

03-96 

0-33 (ll.-M.) 

0.5-9 

1 05--i 

- 

— 

llU-114 

— 

— 

06^08 

0 

95;4 

03-3-100-3 

— 

— 

03-109 

- 

“ 

93-07 


V 06-2 

83-100 

- 

95-8 

83-90 

0-99(lL.-M.) 

95*0 

88-92-7 

— 

91-6 

79-88 

. 0-3 

95-0 

' 87-4 


_ 

82-0 

— 

— 

06-(r 

0-46 (R.-M.) 

92-13 

'*83-80 '' 

1-4 












687 


OILS (FIXEB) AJ5D FATS. 


Oils, 

€'> 





! Variables 

r 



(lliaracterwllcs of tatty acids , 

--— 

Refraction 




[ 


! 








1. 

Acetyl 

value 

Acid 

value 



1 .. . 


Mclting- 

I’uint 

NcuLiali 

salioii 

value 



J3<»tyr«« 

|A 

value 

1 Specific gravity 

1 soiiuiiying 
point 

I Ic 'tiie value 

1 efractometer 



■ 



1 



1 


"f!. 

Scale 



KOH 

‘C. 

i 


1 '’’U.i'e 



i Tolal 

! Liquid 

division 



UIK 


1 mu 

' tatty ^ 

1 






1 . ^ 


1 ^ 


1 ;ici(ls 

1 acids 

■to 

40 

Ri-90 

72-5 


:>-98 

O-M-8 4 


1 9 i>2-;3 

13-17 

1 

I'.i J 
j 29(5 

17 21 

197 

197 

] 2190 

179 182 

j 

' J90 201 

~ 

'— 



7 0 12 

— 

! 

31-34 


3J ; 13 8 

ISS 8 

144 159 


15 

70 0 


0-80 

8 1 

i ■■■ 

j - 

15 9 

i -- 

29 21 




- 

04 H 
05-2 


_ 


- 

i -- 

' 1.9 

j J 0 0 

IS 19 


1119 


iO 


j(h 

0.1.! 20 



1(5 9 

1 

1 -- 

J(. JS 

— 

1.50 0 

I(>7 

KJ 

00 4 


— 

0 7- J1 

199 

9-8SK0 

1 (5 5 ' 

: lO 2 

29 5 

199 

139 0 

150 


*- 




— 

-- 

IH 9 

1 - 

22 2 1 

291 0 

111!.-)! 

154 3 





1 .5 

-- 


24 0 


28 9 

— 

119 0 

— 

- 

- 




- 


1 1-13 

■ 

IS 2(1 


13(> 8 

-1(55-4 

'ir> 

70 2-72 5 


— 

— 



21 5 


2S-29 

J97 






8 75 

1 7-29 (i 



H> J t 

i 

l.s 20 

J9h 4 

J19 5 

140-144 

- 


- 


— 

- 

- 

20 22 


23-2(5 

_ 

120 7 

_ 

~ 

■" 

~ 


— 



17 9 


2,5-24 

— 

IJ 10 

_ 

- 

07-0-09 4 

— 

— - 

— 

— 

9 9102 

■'4- •’;( 


29 9 

191 



JT) 


7 t.~IH 


15 5 

9 92015- 
9 9ijl9 

32- 35 

32 35 

3,''. 38 

292-208 

111 115 

, 147~Ial 


tr> 

08-0 



9 2.5 

- 

— 

2:5 5 

22 9 - 

20 32 

290 4 

110 45 

129-130 





IHi(l) 




23 8 





'i.i 

or> 0 


V a 

0 7-8 .5 



2(5 5 

28 





10 

.50 5 






2t. 7 


39'5 




— 

- 

19 32 



— 

31 I 

— 

28 39 

— 

198 9 

_ 

•' 



— • 



JO 7 

19 

— 

291 

1115 

__ 

10 

73 74 

7il 5 7i r» 

.y 

» — 

1 .s-ia 

i09 

9 8802 

- 



- 

- 

121 2 


OH 0 

— 

147 

1 4-13 2 

19(1 

0 87.58 

JO 0 

J2 i;t 


185 

99-103 

121-125 

40 

59-5 

— 

- 

\ 3(.- 

- 

~ 

15 5 


10 9 

- 

109 0 

• 

40 

58.5 


- 

5 4 



- 


15 iO 

-- 

95 3 


40 

67-5 


-- 

i4-.5 

- 

- 

1.5 13 

- 

29 0 


IfTJ 

__ 


— 


— 

— 

-* 

- 

10 11 


19-21 

173-9 

9(/l 

„ 

- 

— 

“ 


- 

— 


.5-13 

- 

19 21 

189 

109 0 

124-7 

-6 

00-0 

— 

__ 

0'«4 ® 

-- 


U 


3-4 

194 

103-0 

111-5 


— -*1 

— 


9 55 


-- 

15- 13 

-- 

29-22 

200 5 

103(1) 

9S 0 


00 1-07-2 












35 



— 

— 


-- 


10 18 

200-9 

94-101 

,101-9 

25 

04-4 







13 5 






— 

— 

— 

— 

5 0 

i - 

J3-Jf 

204 

95i-90-5 

-19! 7 





V6' 




li 8 




26 

60-07-5 

— 

— 

100 

0-8790 

2c.<; 

29 2 

27 7- 32 

201-6 

90-103,; 

1(^5-128 

— 

— 


3-2 

— 


— 

19 20 


22-24 

200-0 

90-3 

91-3-97-6 

25 

02-4 

_ 

iO-04 

■ji’i) io 

100 

0 8740 

22-17 

17 2- 

24-27 

•'193 

80-90 

93-5- 





2 3-5 




20 4 




103-6 

— 

— 

— 


— 1 

.— 


— 

— 

— 

— 


— 

— 

— 



— 

— 

— . 

— 

— 


_ 


- 

— 

“ 1 


10-2’ 

— 

— 

20-18 


24-0 

187-4 

99-0 

— 

26 

78 

14C*7-i 

— 

0-i4- 

15-5 

0-9509 

3-0 

_ 

13-0 

192-1 

87-98 j 

106-9 



150 

i 

^4 01 

1 

1 



. i 




llefrucUoo 


00 1-4640 


00 i--ir)0G 
00 L-4531 


00 1-4400 

00 I -4401 


00 I 1-4991 


00 l-t401 
00 1-4461 


60 1-4410 


00 1-4646 
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OILS (FI2^D) AND FAT^ 


VeoetablS 


('.hurac^Mistics 


Lamel oil Ki«»iP ^ 

lijiyrci . ' . 

( M()wrahseo< . 
Mahua butters 
Mowrah butter 
Jllipe butter . 
Macassar oil . 


I Palm oil 
\ i’hulwara butter 
Myristica group 

Macc butter (Nut¬ 
meg butter) 

{Shea butter (CJalaui 
I butter) 

, Mkanvl fat 


^alabar tallow 
Cacao buWer . 


Chinese 

tallow 


vegetable 


butter) 

I, Ponieo tallow 

i Mocaya oil . 

Marlpa fat 

Palm kernel oil .1 
Palm imt oil . 
iloeonut oil . 

42 S' j DIka oik (oba oil, 
rt o t wild niai^o oil) 

S & Japan wax . 

Myrtle wax ■ 


Siicciflc gravity 


SoUdilying 

point 


Melting- 
point f 


Sapomilea , Iodine 
tion value i value 


] 



1 

! 


*c. i 

! 

, j 

1 

i 

15 0 i 

i 

0 9332 

25-0 

32-31 j 

15 0 1 

0 917.5 1 

36 0 

42 0 

^ 100 0 ' 

0 8981 

19-22 

28-31 

tioo-i) 




150 

0 9240 

10 0 

22-0 

15 0 

0 921-0-9245 

— 

27 4*2*5 

100 0 

0 8970 


39 0 

15-0 

0 945 -0 996 

41-42 

38-51 

15 0 

0 9175 

17-18 

25 3 

15 0 

0 9298 

38-0 

40-41 

J50 

y 91.50 

30 5 

, 30 5 

] 5*0 

0 U500-0'97G 

23-21 5 

28-33 

150 

0 9180 

27-31 

30 -46 

40*0 

0 8952 .. 

37-6-37-9 

41-42 

(15-1) 



35-42 

_ 

_ 

< 

— 

22 0 

24-29 

100-0 

0-8686 

24-125 * 

26*5-27*0 

(15 5=--l) 
15*5 

0 9520 

20 5 

45 

00 

(15 5-i) 
40 0 

00115 

c 

22-14 

1 

<15*5*-1) 




_ 

! 0-8200 

i 34*8 

\ , m, 

1 41*6 

15*0 

j 0 9700-0-980 

] 48-5-53 

: 50-54 

1.5-0 

1 0-905 

1 30-4^ 

\f 40-44 


1 KOH mg. Per cent. 


11)7-9 

190-194 

‘221-5 
iyrv-202 
190 8 


68-80 

60-62 

53-67 

48 55 
51-5 
42 1 


154-191 40-52 


179-192 
190 5 


56-6 

41-9 


188-7-lift j. 38-2 
193-55 i 32-41 


200-3 

187-191 


240*6 

270-5 

24‘2-250 

24C-26(f 

217-237-5 
208 7 


I 28-37 
' 38-6 

(31 7) 
24-63 

17*35 

13-U 

8-9 5 

31*1 

4'9-8*l 

107 


— 

■— 

1 

Reichert: 
(R.)or ; 
Reichert-. 
Meissl 
(R.-M.) 1 
value 1 

Insoluble 
fatty acitla 
h unsapoul 
flablo 1 
matter ' 

i 

eoiic.c. 

1 

Per cent, j 


-'m 

1-6 


— 

94-70 

n 5-0*9 

91-82 

(R.-M.) 

i 

91*5 j 

0-5 

94-97 1 

j 0-44 

94-80 ; 

i 1-4-2 
; (R.-M.) 

— 

121 

(R.-M.) 

94-70 

95 65 

0-2-0-44 
. (R-M.) 


0*2«>0*8 

(R.-M.) 

• 94-59 

0*)-l*5 

95-1 

(R.-M.) 


7*0 

— 

(R.-M.) 

4'46 

(R.-M.) 

83*88 

5-6 

17-8-9ri 

(R-M.) 
7-8 4 
(R.-M.) 

8§-(t-90 


^ 90*6 

— 



^ Vii. 1 e^kowltsch, Bulletin Socl^te Cblmlque de 












qjLS fPIXEDl AJJD FATS. 


I*ATS. 


Variables 


Refraction 








Arctyli 

Add 

Rutyro- 

refructo* 

value 

value 

• mct«r 



1 

“C.' 

Scale 

livisions 

' 

mg 

• 1 




i 

_ 

■„ 

„ 

20 3 1 

_ 

_ 

— 

34-5() 1 

40 

521 

- 

“ ! 



_ 

C 2-35-4 


_ 

180 

24-200 

40 

48-2 

" 

— 

40 

48-85 

~ 

17-44-8 



__ 

29-4 

— 

— 

— 

23 3 

__ 

_ 

— 

38 0 

40 

40-47-8' 

2-* 

1 1-1-88 




2 2-7-5 

25 

1-4028 

— 

21-0 

_ 

_ 

_ 

20-0 

— 

_ 

— 

—• 



• 


_ 


' 

— 




• 

40 

36'5 

r9-8-4 

8-36 

40 


0-9- 

12-3 

5-50 


_ 

_ 

19-6 

_ 

_ 

#27- 

7-33 



*1-2 


— 

— 


3-4-4 


^ CJJiaracteriatifs of Sat-ty aftds 


' M inner ' i 

SppcitlC pravi^ Soli.lirying point, ‘ H^aflon I(i(liuo value 


“C. 


100 0 


tl8- 40 


0H701 


, lOO’O 
1(1.VO = 1) 


, 08-90 , 
1 ( 15 - 5 « 1 ) 


OHO 

r>7'r> 


54 8 
47-45 


59'4 

r.yr. -5-. 


(r 82 :H) 


0-835f 20-10 

•• • 


40-^ 


Titre "C. 1 

°V.. 

KOH me 

• . 1 



15 1 


1 

40-3 

45 0 i 

_ 1 

51-0- 53-2 

52 55 

loro 

35 0-45 5 

47-50 

205-0 

49 5 

42 5 

- 

53 8 
01-5 

58-0 

50-C1-5 

“ 

— 

50 0# 

— 

48 3 

48-50 

100 0 

i 45 2-53-6 

53-57 

#00-01 

182-208 
198 0 

— 

23-25 

2540* 

i •_ 

27-5-28-5 

~ 

20-5~^5-5 

25-28 6 

258-204 

22-5-2.V2 

25-27 

258- 206 


• 


J 50-4 

50-02 

213-7 

• — 

47-6 

230 9 

1 


_ 


Total 

fatty 

acids 

81-8 

50-0 

* 

50-5H 

53-3 


5tl- .57-2 
42 i 


33-39 

30-30 


12-15 


Li.iuid 

tatty 
acids ' 


103-2 ' 
94-C 


18-6 


Am 


France 1909 (Conference; Le^Corps Qrj^, XLIl. 


^ voL. iv.-r. 


Refraction 



I 


j 00 j 1-4310 
i 00 |«M95 
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OILS (FiyED) AND FATfl. 


Ahimai 


Characteri*tlc8 



Oils 

Specific gravity 

Solidi- 
. tying 
point 

Melt¬ 

ing- 

point 

Sapenifleation 

value 

Iodine value 

Eeichcrt(E.) 
or Reichert- 
Melssl 
(R.‘M.)value 

Insj^uble 

fatty 

acid^ 

unsapOT- 

ffiable 

matter 


' 

”C. 


X. 

X. 

K-OH mg. 

-- Per cent. 

AN.-KOH 

c.c. 

Per cent. 

a 


/ Monltaden 

]r>-5 

0^27!-0-933 

- 4 

_ 

100-6 

189-W3' 

1*2 

_ 


HarUjiio 

J.j 

0 l)3:w 

— 

— 

— 

101-103 

— 

94-5 

5 

JapaiiORo Stiniitie . 

l.> 

, OlMhU 

— 

20-22 

189 8 -102-1 

100-104 

— 

90-97 

0/ 

Salirion , 

1 i) 

(f(.2r)8 

— 


ISif-S 

101*4 

0*55 

9.5-02 

-a. 

jrerniig 

1.') 5 

0 9202 -0 939 

— 


171-194 

123-5-142 

— 

05*64 


Stickleback . 

— 


— 


' - 

102-0 

— 

95*78 


Sturgeon 

ir. 

0 9230 

— 


180-3 

125-3 

— 

— 


Sprat . 

1.V6 

0-9284 

— 


— 

— 

— 

— 


(tod liver . 

15 

0 l>2lO-O-9270 

0 to -10 


171-0-189 

167 

_ 

95*3 


Skate liver . 

15 

0-9307 

— 

— 

J,85 4 

157*8 

— 

94*7 

= 

'J'liniiy liver . 

— 

— 

— 

— 

— 

155-9 

— 

95*79 


Shark (arctic) 

u> 

0-9103 

— 

— 

161-0 

114-0 

__ 

80*0 , 


Coal fish 

15 

0 925 

— 

— 

177-181 

137-162 

— 

— 


Hake liver . 

ir.-.5 

0 9270 

— 

— 

— 

— 

—- 

— 

Uav liver , 

15 5 

0 9280 


— 

— 

— 

— 

— 


,1,lug liver . 

1.5 

0 9200 

— 

-■ 

184*1 

132-6 

— 

— 


/.Si-al . 

15 

0 915.5-0 9203 

-2to -3 


189-190 

127-141 

• 0-07-0*22 

95*45 

'il 

Whale 

Dolphin black Hull 

15-5 

0-9250 

luuler - 2 i 


188-0 

121-130 

0*7-2*04 

93*5 


Body oil 

15 

0-0180 

under —3 

— 

197-3 

00-5 

5*0 

03*07 

1 

fTaw oil 

— 

— 

— 


290 

32-8 

65*92 

66 28 


Porpoise, B<nl> oil. 

1,5 

0-9258 

-16 


195 

— 

23-5 

— 


" „ Jaw oil . 

15 

0-92:)8 

— 

— 

254-272 

22-50 

47*77-65 8 

70 23 

p..i2 

j Sheep’s foot 

15 

0-9175 

0-15 

— 

194-7 

74-2 

— 

— 

TJ o 

1 Horse’s foot 

15*^ 

0-013-0 927 

— 

— 

195-9 

73*8-90 

— 


Hu 

j Neat's foot , 

15 

0 011-0 910 

0-15 

— 

194-3 

C9-3-7()*4 

— 

— 

0.2 

(Egl! . 

15 

0 9141 

8-10 

22-25 

184 4-190-2 

08*5-81*0 

0-40-0-7 
(ll.-M ) 

95*16 


Anima 


CharactcrihtlcB 








Solidi¬ 

fying 

point 


Saponlfl- 

cuiiou 

value 


Reichert 
‘tR.) or 
Reichert- 
Meissl 
(R M.) 
value 

Insoluble 

Refraction 


Fat 



Specific gravity 

Mcllmg- 

poliit 

Iodine 

value. 

futtyaeida 

+uH‘'aiK>n' 

ifiable 

matter 

Butyro- 

rofracto* 

meter 





‘’C. 


“C. 

“C. 

KOU mg. 

Per cent. 

AN— 

Ron 

c.c. 

Per cent. 

“C. 

Scale 

division 

?(ri 

J Ice bear . . . 



15 

00256 

_ 


187*9 

147*0 



_ 

_ 


1 Rattlesnake . . 



15 

0*9217 

— 

— 

210*9 

105*6 

' — 

__ 

— 

- 


/ Blackcock . . 

f' 


15 

0*9290 

— . 

— 

2UI-6) 

121-1 

2*1 

— 

— 


41 

3 

. 



15 

0*9349 

17-23 

35-40 

200*9 

102*2 

1*59 

95*4 

4Q 

49‘Q 


Rabbit, wild 



15 

0*9393 

17-22 

35-38 

199*3 

99*8 

0*7 



— 


Rabbit, tame 



15 

0*9342 

22-24 

40-42 

'202*0 

67-6 

2*8 

05*5 

40 

40*0 

1 

Wild duck . . 



— 

— 

15-20 


198*5 

84*6 

1*3 

— • 

— 

— 

Q 

Domestic duck . 



— 

— 

22-24 

86-39 

— 

B8*6 



— 



' Horses' fut . . 


. 

15 

0*9189 

48-30 

»‘-64i, 

196-197 

71-86 

».0*2-O'4 

05-90 

40 

63*7 


Horae mari;'^w frt 



15 

0*9204-0*9221 

24-20 

35^*39 

199*8 

79*1 

1*0 

— 

— 

— 

tt 

Domestic goose . 



15 

0*9274 

18-20 

82-34 

193‘1 

67-71 

0*08 

96-0 

40 

50-50* 


Wild goose . . 



16 

0*9168 

18-20 

— 

196*0 

'■'d*9*6 

0*2-0*3 

— 



QC 

•9 /Bog, domestic 



15 

0*93»-0*938 

27*1- 

36- 

■'95*4 

50-70 

(R.-M.) 

93-06 

40 

48*6- 

1 

VHog, wild 



15 

0-9424 

<29*9 

22-23 

40 6 
40-44 

195*1 

76-6 

0*08 



51*2 

a 

Bee| marrow 



15 

0'9311-0*0380 

31-29 

37-45 

199-0 

66*4 

1*1 


— 

— 


Bond .... 



15 

0*914-0*916 

16-17 

'21 22 

190*9 

46-5a*8 



— 



Tallow, beef 



16 

0*943-0*952 

85-27 

45-40 

193*2- 

88-46 

0*25 

95-6 

40 

49*0 


Tallow, mutton . 



15 

0*937-0*953 

86-41 

44-45 

200 

192-195*2 

3&-46 

• __ 

96*5 


_ 

a.. 

( Butter . . . 



15 

0*926-0*940 

20-23 

28-33 

227 

26-88 

1C*5- 

86*6- 

40 

41-4! 


1 Stag .... 

• 

• 

16 

0-9670 

i 

39-48 

49-52 

199*9 

20-&-25-7 

15*2 

1-66 

89-8 

40 

44-6 


' Kuiopean lards. 













Oils. 


OILS (FIXED)^AM) FATS. 


691 


^4 [divisions 

^ I • 


Varmblo^ 



value 

value 


Kon 

mg. 

130 

• 

lU 

4-21 

10-35 

- 

1 - 8-44 

21 

4-8 
10 0 

11-0 

1-25 

0 - 2-34 

1 - 26 - 1 -C 8 

10'6 ' 

» l -^-40 

0^-37 

- 

6-0 

CrO 

1-2 


CharactoriBtlca of fatty a^da 


KOH Total oo 

m«. fatty a^lds 


| 18 -l- 24-3 21-26 204 - 2«7 130 - 5-170 ~ 00 1-4521 

in Z nTo. i - - 


;ir>* 5 - 15-9 22-23 193-2 


— 21-1 •— 

— 23-6 ! — 

— 26 - 1 - 26-5 20 8 - 30-8 

— — 34-30 


j 01 - 98 - 68-26 
72-0 


Fats. 

Variables 


Cliaractoristlcs uf fatty acids 


! 

• 

• 

• Specific gravity j 


• • 

! ’’C. 


■ - 

• 

15-0 

0‘)374 

^ 15-0 
15*0 

0*361 

0-9246 

15-0 

0-9264 

z 

0'9f82-0’9289 

15-0 

15-0 

15-0 

0-9257*. 

0-925r 

90-0 ^ 

•0-8445 

16-0 

0-9383 , 

1 15*0 

0 9300—^ 9890 

100*0 

(100=1) 

t»-8698 

• • 

37-76 

(15-5=1) 

15-0 

• 0-9075 

0-9685 


Solldifyin, point 


Iodine value ' 


Eefractlon 


*C. Titre *C. 


• I Total I Liquid 

“C. KOn iiiK fatty, , fatty *0. 

. acids acids 


— • 80-33 


2 - 6-33 6 — 89-40 

17 * 0-38 • —. 44-46 

26-0 •- 30 0 

— 37 - 9 -, 43-44 

46-2 

41-0 40 . 15 - 48*2 40-50 

38 _ 3 Jii ^ 38-40 


a 1 — 

( 92 - 1)1 

1-0 { — „ 
i 00 - 106 )^ 


81-2 

55-5 

55 - 7 - 57-4 

41-3 


jButyro-ref, 
40 • 36 

Ilutyro-ref 
40 86 


60 ^ 1-4395 

— Oleorefr. 
22 -30 


. 60 1-4876 


60 L 1*4374 
60 T 1-437 
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OILSTONE V. WiiKTS^oNE. ! by metins of ether. During the preparation of 

OmCICAOIL. A^rying oil extracted frW ; commercial fustic extract, the solution on stand- 
the seeds of Conepta fjrawrfi/o/irt, found in j^razil..! ing, or the concentrated extract itself, deposits, 
The oil is present in the kernels to the extent of ! as a rule, a brownish-yellow powder, which con- 
(j2p.c.,i8semi-soIidatordinarytemperaturc8,and isists principally of a mixture of morin and its 


of a bright yellow when liquid. M.p. between 
21‘5^ and bS’l® f'iodine value, 179*5; sajHiuili- 
cation value, I88*l); frt'e fatty acids, as oleic, 
5*7; unsarionifiahle matter, 6*91 i:fc.; sp.gr. 
0*9()94 at 15*5°/15’5'^. lla])idly absorbs oxygen 
from the air wneu liquid (Bolton and Kevis, 
Analyst, 1918, 251). 

OKRA, also called gum^io ; Uihii^vvM escM* 
lentils (Linn.), an annui^ plant bearing edible 
pods. -►Zega (piem. Zeit. 191M?, 24, 871) fouir-l, ^ 
as the average of 4 anaiyses- 


calcium salt, apd this forms the best source for 
the preparation of large quantities of the colour¬ 
ing matter. The product i^ digested with a 
little boiling dilute hydrochloric acid to decom¬ 
pose the calcium cifmpound, extracted with 
hot alcohol, and the extract evaporated. Cry^als 
of morin sCjiarato on' standing and a further 
quantity can lie isolated by I2ie cautious additio* 
of a litti(“ boiling water to the mixture. 

Oude moj'in can be partially purified by 
crystallisatioq from dilute alcohol or dilute 
acet ic acid, bu*, the product usually contains a 
trace of inaclurin. To remove the latter the 
finely fiowdcrcd substance is trcat(‘d in the 
pi-osenec of' a little bulling acetic acid uith 
funiKig hydrobroniic aciiJ (or hydrochloric acid), 
which prc(*i}iita<i‘s the moiin as halogen salt, 
whci-(‘as tlic maelunn remains m solution 
' (Bablicb and IVrkin, Clumi. Soc. Trans. ISOU, 99, 
792). 'I’lio cry.stals arc <‘o||ecteck' washed witli 
acetic acul, dci^oinposcd by^water, and the 
whilst, according to tlu' sunu* authority,'canned ‘ regenerated nuuin cry.stalhscd from dilute 
ukrjC conta^B— alcohol. 

w 1 i « » 1 TV- f 4 4 i-. j /II 4 1 - Morin crystallises in colourless needles 

Water Protein Pat extract Crude fibre Ash /i, i i> v i i i ii i i i i i 

94*4 0*7 0*1 2*9 0*7 1*2 ' ** ^*^ readily soluble in boding alcohol, 

' “' liiide in alkaline solutions with a yellow 


Water 

80*7 


Protein 

4*2 


Pat 

0*4 


N-free extract 
12*1 


Filirc 

J*2 


Am)i 

1*4 


According to Ainc/ican anAlyscH (Bull. 28, U N. 
J>epl. of Agric. 1899), the/iliblc portion of tin* ' 
])ods, used largely as a vegetable in Amcvica, i 
is much more watery, as sliown by the following 
iigures:— 


Water Protein 
99*2 i*0 


Fat 

0*2 


Jf-free extract Crude fliirc 
4*0 3*4 


Ash 
0*(i r 


(u. Tinsley, Amer. Chem. J. 1893, 14, 925). 

II. 1. 

OLD FUSTIC is the wood of a tree known 
as the Chlorophora tinctorui (daudish), ]>r('- 
viously called Moms liiirtoria (Lmn.) which 


coloui'. Lead acetate solution gives a Iniglit 
orang(‘-colour<'d precijniatc and ferric ehlotide 
an olive-green coloration. 

Loewe (Zcitscb. ana!. (3u*in. 14, 112) was the 
first to assign to morin the formula CjfiUinO?, 


VK/Un.j 4..V44V-V4 yuliiij.; nmvii Iiifsi. LO ibSSlgll LO mOlUl 1-110 1011111110 V i6ll|o''7» 

iccurs wild in different trojucal rcgion.s. The and that thi.s was correct was shown by the 
tree frequently grows to a height of over OO j analysis of its com])ounds with mineral'acids 
feet, is exported in the form of logs, sawn i (IVrkin and I*at(', Chem. Soc. 'I’rans. 1895, 07, 
sti’aight at both ends, and usually deprived of ; (i49). The /lydiochlojidc, k>/drobro»iidc\ and 
tire bark. 1 he best qualities of of.l fustic come i fii/driodidc are obtaiiuAl in orange-eoliiured 
from Oubli and the poorer from Jamaica and | needles, and jiossess the formulie 
Brazil. It is at the present time used very 1 (IjbIIj^O/HBi*, and but the 

largely, andt together with logwood, is tiie most sulphuric acid compound, known as mdiydro- 
important of the natural dyestuffs. ^ mt/rin sulphate orange-red 

The colouring matters of old fustic were ; needles, is of an abnormal character. Moiw- 

yellow needles, 
7iuig7ieijum mortn 

. . ^ files, and 

hartjmL morin (CisH^Uyl^La, orange crystalline 
pow’der, liaVe also been prepared (Perkin, 
Chem. Soc^'Trans. IBtW, 75, 437) 

When an alcoholic solution of moriil is 
treated V/'ih bromine (Benedikt and Hazura, 
Monatsh. 6, (K)7; Hlaziwetz and Pfaupdler, J. 
1S04, 557) it is converted into fe<ra6r^-wionn 
'dhi/fi ethr.r Ci 5 H 5 Br/),Kt, 2 HgO, colourless 
neefUcs, m.p.'155° (Herzig, Monatsh. 18, 700), 
and this when digested with stannous chloride 
and hydroehlori(***aeid gives tetrabromo-morin 
OjjHjBr^O,, (B. and H.), colourless needles, 
m.p. 2f?8°. According to Parkin and Bablich, 
this latter compound is more simply prepared 
b/'the direct Woraination of morin suspended 
m acetic acid. , 

By the action of acetic anhydride, according 
to the usual metllhds, a’colourless amorphous 
product results, and a crystalline pentacetyl- 
morin has not yet been prepared. Cold acetic 
anhydride, howevetj converts the monopotassium 
salt of the colouring matter into telra-acetyl morii% 
Ci 5 H# 07 (CaH 30 ) 4 , colourless pri8m*atic needles, 


called moria, and a second somewhat more 
readily soluble. (\>^agner (J. pr. Chem. fi.] 
termed the latter moritanme acid, and 
considerefi that it {los-sessed the same percentage 
composition as morin. lllaziwctz and Pfaundler 
(Annaien, l27, 35I), on the other hand, found 
that the so-called v moritanme acid wa« not an 
acid, and as moreover its composition and 
properties wl^re quite distinct from those of 
morin, they gave it the name of ‘ Maclurin.’ 

.Morin Ci5Hio()„ 2H20. To isolate this 
colouring matter from old fustiaa boiling extract 
of the rasped wood is treated with a little acetic 
acid and then with lead acetate solution. This 
caiUes the precipitation of the morin in the forni^ 
of its yellow lead compound, whereas the main 
bulk of the maclurin remains in solution. The 
washed precipitate in the form of a thin cream 
is run into boiling dilute sulphuric acid, andrthe 
hot liquid, after decantation from the lead 
sulphate, is allowed to stand. Crystals o^cnide 
morin are gradually deposited, and a further 
quantity can be isolated from the acid solution 




m.p. 142°--]45°, but; this on further acetylation 
gives an amorphous compound. • 

TetrabromomoAi. on the other hand, yields 
a penid^acptyl dprivativc (Bablich and T^rkin) 
0 i 5 HBr 4 O 7 (C 2 H 3 O) 5 , colourless noddles, 192'^' 
194'’, and it was subsequently f( 4 und by Herzig 
that ietrabromomorin ethyl ether yields the 
compound ('i 5 tll^ 40 jEt(C,H 30 ) 4 , m.p. 116'^- 

By fusion with alkalP morin gives 'phloro- 
glu^nol (H. and 1\), and resorcinol (B. and B.), 
whereas in thi% manner* Bablich Ind Perkin 
•olated ^-rpsorcijli^ arid. When methylated 
with methyl lodido morin teiramethyl ethn 


OLD FUSTIC. 
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m.p. 13J'^-132'^, 13 produced, bi^t is isolated 
with ditliculty, and from Ihi^ (sompound with 
alcoholic potash a yellow potassium salt, readily 
decomposed by water, is obtained. Mono- 
acetylMramethylmorin 

colourless nee^es, melts at 107'’. '• 

Morin tetraethyl ether C'i 6 H^U,,(()(’o}l 5 ),, 
(Perkm and Phi]>[>s, (.'hem. Soe. Trans. 1!M»4, 
85, l>U, yellow neetUes, m.]). 12l>''‘“ 128', and 
acdylmorintef^ctl^jl et/ur, 

colourless needles, m.p. 12T'’-12.‘1'\ could only 
be prepaicd in small quanlity. 

When monn tetrnmethyl ether is hydrolysed 
with alcoholic potash ^-resorcyhe and dnnrlhyl 
dker, and phlorinjlunMihnonomethyl dher are 
produced. Bablich and Perkin assigned to 
morin the constitution of a penlahydroxyJUivonc 
(totrahydroxyflavonol)— 

oh^'Y ^ '^(-'-< 7^/011 


aminomorin pentamcthul ether, colourless hexa¬ 
gonal plates, m.p. 204 -^5°, the platinichloride 
K^i!<|f^#i^ 7 N) 2 H 2 ptCl,, or# which forms stout 
yellow prisms. Attempts to jirepanre, the liy- 
droxy compound frohi tliis amino derivati\% 
were ifiisucce.ssf(•!. A m inomonn 

(',5lf402(0U}5NH2 

obtained the nitropcnitametbyl^Tlier with 
hydriotlic acid is yellowifeh-brown and dLssoIves 
in alkalis t<t form a brownisl^ellow solution, 
rite hydriodide ,0 .(OHljNH/HUH.O cry- 
stalli.ses in aqiiaif (i^telets (Perkin and Wat/Son). 
KostanecKi, Jiampo ami Tambor (Ber. 190(5, 


(B. and P.), willow needles,Jilii 025) have sfiithefised monn by reaetions 

.v» I'>lO lOrtO .- .1_I 1 i • • I . 1 ^ r.l.v^.1.^.. 4 .. *.1. ....... ...l.l.. i.1. „ . I 


.similar to those found servicesbletn the artificial 
preparation of li.setm and quercetin {see Young 
FUSTIC and Quercitron bark), but in this case 
the forinutKin •>£ t^je flavanone did not pro¬ 
ceed snioiithly and onlj'^ a small quantity could 
be prepared. The synthesis is illustrated by the 
following formnlie — 

OOH, • 


UOH 


on 


OH 


Oil .0.'' 


-on (-'H- 


-O 


OCH, 


-.('0—CII 


OCH,, 

2'-liydr()XV-1.0: 


CH,(V 


: 4'.t.ctraTnethoxychJllkftne. 

OCH, 


-(J*V 






1:3:2': 4'-tetramcthoxyfljiTaooiie. 

OCH, 


CH 3 O; 


and that t^is formula correctly represents the 
substance, has been proved by its synthesis 
{Kostanecki, Pampe and lumber, Ber. 100(1, 
39, 625), and also by the investigation of Herzig 
and Hofmann (Ber. 1900, 42, 165). It has 
been shown by the latter chemists that when 
morin is iwcthylatcd by means of methyl sul- : 
phate, morifi perUamethyl ether (J^HjO^iOOH;,)., f 
needles, m.p. 164°-^57°, can be produ^jeu, 
though for this purpose ]*erkin tnd Watson , 
((Jhem. Soc. Trans. lOllf 107, 207j*prefcr the , 
modification of Valiaschko’s process (Arch. | 
Pharm. 1904, 242,242), previously fntftd lerviec- • 
able fofi the preparation of quCrcctin penta- 
methyl %thcr by Watson. Monn pontamothyl 
ether is hydrolysed «with boiling alcoholn? 
potash into p-resorcylic acid dimfthyl efAc;^(2T, , 
and methoxy Jisetol IrimeMyl ether (J) {<■/. (Quer¬ 
cetin and Fisetin)— ** 

UOOH*/ •'^OCH, 
j*' OCH, . 

OCH, , • • 

the latter being ide^-ical 4yth the comiHiund 
obtained in a siiyiiar way from quercetin 
pentamethyl ether. , 

By nitration it forms nilromorin penta^ 
methyl ether CijH 402 ( 0 Me) 5 N 02 , reddish-brown 
needles, m.{L 223°-225°, and this when reduced 
With alcohouc hydrochloric acid and tin^ives 



OOHa 


CH 3 O 

tf-Isonitroso-l: 3: 2 ': 4'-tetrametbpxyflavaaone. 


CHA) 




OCHg 

-<f~>OCH, 


1 


.COH 


OH, 


\/\co/ 

OH . 

Morin trliucThyl ether.* 
OH. 

VOH 
II, ^ 

.COH 
CO' 


0 . 


OH 


OCH, 

( 1 ) 


/\_ 


OH • 

20—CH.OCH, 


Morio. 

Morin dyes mordanted woollen cloth sh^es 
which,^ though of % slightly stronger character, 
closely resemble those given by kaempferol. 

^ Chromium Aluminium Tin 

Morin . Olive yellow Yellow Lemon Beep olive 

• yellow iirown 

Kaempferol Brown yellow ,, Bright Deep oljye 

^ yeUow brown 

(Perkin and Wilkinson, Chem. Soc. Trana. 
19P2,«81,690). • 

Maclurih UjaH.oOj. When morin is pre¬ 
cipitated frq^ a hut aqueous extract of old 
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fustic by moans of lead acetate the solution 
cimtains rnaolnrin. AftJr removal of leadMn 
the usual manner, tli^^iquid is partially evapo-, 
rated and extracted with ethyl acetate, which 
illssolves the colouring' matter. I’hc crude 
product is crystallised from dtlute acelfc acid 
(Perkin and Cope). A crude maclurin 13 also 
obtained durin|r the preparation of fustic extract, 
partially if the form' of its calciurf salt, and 
this product is treated witli dilute hydrochloric 
acid and crystarjised from water. In order to 
decoionae tlio crystals, acetic acid is added to 
a hot aqueous solution and r Ifttle lead acctale 
ill such quantity that no jirecqutate la lorincd, 
and tli^ soliitjon is treated with sulphuretfrd 
hydrogen, 'rhe clear liquid is now much leas 
strongly coloured, and after repeating the ojicra- 
tion two or three times, the maclurin, which 
crystallises out on standing, possesses only a 
pale yellow tint. ' 

When quite jniro maclurin con.m.sts of 
eolourless needles, m.)). 200'^ (Wagner, J. ISfii), 
529), Boraowhat*soluble in boiling water, soluhlc 
in alkalis with a ])a]e yellow coloration. V\'ith 
aqueous lead acetate it gives a yellow pt<'ci])i- 
tate and with ferric eliloridc a gu'cmsh-lilack j 
coloration.* | 

fflasiwett and Pfaundlei (■!. ISlil, 558) 
assigned tlfe formula to maclurin, 

and found that by boiling vitli ])olassnini 
hydroxide solution if givc.s ■j)hli>to;iliictnol and 
•protocatechuic ocul. 

Pcntahrnzoi/lmaduriii 

melts at 155'-i56° (Konig and V. Ivoslanciki. 
JJnr. 1894, 27, 19!M)); nu(] tnhnnu uit«ln7 ni 
(JjjHjBrjOj.H.O 

Colourless needles, has been obtained by BenediKt. 
Macltmn •pcniarncfhyl dlicr Cj3ll50(U('H_j)f,,, 
colourless leaflets, melts at J 57 ''. Kouig and 
Kostanecki fir.st assigned to ^naclurin the 
eonstitutiOji of a 'penlaliydroxi/bcnzoj'heiiottf — 

OH 

• to—/\»H 

ohI^oh \/Oii ' 

W. H. Perkin and Bobiit^ion (C'heni. 80 c. Proe. 
1906, 22, 306), and somewhat later Kostanceki 
and Tamber (Ber. 1906, 39, 4022) synthesised 
maclurin pontamqj|4iyl ether, by the intcraciuin 
^^veratrie acid and jihlorogliicinol triiiiethyl 



H ,0 

= 0CH,l^0Cil3 

Pentamethylmaclurin. 

When maclurin pentamethyl other is digest<‘d 
withalooholicpotashand zine-^ustleucomaclurin- 
pentamdhyl ether (Kosta-nocki and Lamjie, Bor. 
me, 39, 4014-) 

0 (!H 3 '■ 

0 -CH(OK)-(^OCH, . , 
OCH, IsJoCH, • 


I is proriucod in prismutic noodles, m.p. lOO"^- 
110 °, and this on further leduction gives pewto- 
I mctho'xydiphenyl melhane, in.f). rt)7°-108°. 
i On tlio other hand, if leucomacluriii penta- 
methyl ether is oxidised in acetic auid solution, 
wmlric acid pnd dtmcthoxyhcnzo<juvwuc are 
formed. 

Maclurin has been syntl^sisod by Hoesch 
and Zarzccki (Bcr. 1917, oi), 462, 060) by 
the condensation of ♦protooateohuonitnle with 
phloroglucinol by means of zinc chloride in the 
presonco oF a current^)! liydro^u chloride,The 
ketono-imi<lc being bydrolj^cd to maclurin b; 5 t, 
boiling with water. 

Maclurin interesting us it icju-esonls the 
onlysiinjdc ben/.ophenonc colouring matter which 
ia as yet knowWo^existin nature. His ]jo88ible, 
howevei, tlmi kinoin from Malabar kino, and 
aromadendrin from eucalypiuB kino als*) belong 
to this elass^lr. KiKO). 

pfttent fustin. Under the name of ‘ palmit 
fustin ’ a eoloiinng matlei has heen placed on 
the market, which consists chioHy ot disazobeii- 
zeno maelunii (('. .S. Bedford, 1887, Kng. Pat. 
12667). To prejiaie this substaiuf old fustic, is 
^extracted with lioiling waterf the solution is 
decanted from the i>recipitato of monn and its 
calcium salt wlmli .separates on cooling, and is 
neutralised witli the necessaiy quantity of 
sodium <;arl)oiiaie. Diazobonzeiic sulphate is 
then added until a juecipital^ ih‘ longer forms, 
and this is collected and washed with water. 

; It IS sold in the form of a paste and dyes chronic 
' mordanted wool an oninge-hrowii shade. 

I Disazobenzene maclurin (Bedford and I’erk m, 
i ('hem. Soc. 'i’rans. 1895, 67. 953 ; ‘ibid. 1897, 71. 

ISt)) which cfystalliscs 111 salmon-red jnismatic 
; ruTdles, m.j). 270” (<locoinp.) has the following 
' constitution— 

(Hl^ 

With acetic anhydride it gives (tiardyl dimzo- 
bt‘>i,z<‘ru' madurin CijTTgOsfUeHgNoljfU^HaO);,, in 
onjngc-rcd needles, m.}>. 240”-243° (do^mp.). 

* Pyeiiuj 'propt'ii\ci< of old fudic .—‘In silk and 
cottpn dyeing fustic is em|f»loyed to a coin))ara- 
tiveiy Umitea extent, but in wool dyeing it is 
the most tinportant Natural yellow dyestuff. 
The olivc-yellow or old gold colours which fuStic 
,yields <wlA^ used with chromium mordant 
and the greerflsh olives obtained with ^jfhe use 
of co])j>ei‘ and iron mordants are all fasV*to light 
liiid* milling, but the yq'low' coloui-s yielded in 
conjunction itith aluminium and tin possess 
only a moderate degree of fastness with respect 
to light. Fustic iVchietly employed in wool dye- 
i ing with ])otyssium dichromate as the mordant, 
I and it is^for the most part U 8 (m 1 along with other 
1 dyestuffs, e.<j. dogwood, alizarin, kc., for the 
(jfoftuctiou of vaVioiw compound colours, olive, 
brown, drab, &c. « A. 6 . P. 

OLEANDER LE/lVES. J Oleander leaves con- 
: tain substances having a ^gitalis-like action, 
; which are readily soluble in water and in alcohol, 
i and the solutions are stable. They probably 
consist of complex glucosides (Straub, Arch. Exp. 

! Pathol, u. Pharmakol. 1018, 82, 327). Cf. art. 

' BlOrtALIS. 



OLEO.RESINS. 


OLEANDRIN r, DiarrALis. I 

OLEANODYNE. Trade name for a pre- 
paratioji contaiftin^ olciu add, aeomtiiie, atro- 
• pine, morphine, and veratnne. 

OLEFIANT GAS y. Etiiyj.. 

OLEFINES. iTydrocarbons ^>( *thc 
series homologous with ethylene. 

OLEIC ACID Oils (Fixed) akd I^atk; 
Saponification. 

OLEIN V . Oils (I^xed) anj) Fats; 
Gl-^’Erin. 

OLEOGUAIiflSOL. Sfii. for » Guaucoi. 

•LEATE. • 

OLEOMARGARINE y. Marc jarin e. 

OLEO-RESINS. Under the goi^erio term oleo- 
resins are hero deacribe<l the chief repreaenta. 
tives of that largo group of naf^imiproiluets th(? 
essential constituents of wliich arc resin and 
volatile oil. These substances are, foi the most 
part, the olco-rcsinou.s juices of plitits more or 
less deprived of their volaiile oil by evajiori^ion, 
but still retaining enough for it to rank as one 
of their two leading components. h\>r a more 
detailed list of oleo-resins, the numcrfnis reports 
on botariical%conomics, and tlu' catalogues ol 
the various museums, should be cousultefl.i 
(-'omparo also tiie introduction to the article on 
Kesinh. 

Copaiba; Jk 1*., U.S. Olcu-7r.iin cojiathn; 
Balsam of copaihti or ropinva 01 tupivt ; 
ou olio-risine dc copnhu, Fr.; C’n/jowu- balsam, 
(jcer.). Copaiba is the oleo-resinous secretion of 
the trees of the genus (Jopaifcra, especially the 
spedes C. Lansdorfii (Dosf.), which mhabit the 
warmer districts of South America. Descrijitions 
of the leading species yielding tlie so-called 
balsam are given by Fluokiger and Jlanbury 
(Fluck. a. Hanb. 227) and Bentl. a. Triiu. IKk 
The drug boeamo known m Europe in the 
sevontomith century, was induaed in the 
Amsterdam Pharmacojxioia of JGSh and the 
Londofi Pll 4 ^rmacopoeia of 1G77. The yield of 
oleo-resin from a single-tree is very great, the 
ducts containing it distending sometimes to such 
an extent as to burst the unyielding trunk with 
a report which is heard at long distances. In 
commerce the Para variety is distinguished from 
that com4i<^ from Maranliam and from the rarer 
Maracaibo (fopaiba. 

In trade the oleft-resin occurs as a trans¬ 
parent, rarely opalescent, viscid •liquid of a 
pale-yellow or light golAen-brown #:)kmr, and 
a Tiharacteriatic aromatic, not disagreeable, 
odour and persistent acrid bitterishelhstt. The 
spocific^gravity, which varies ^ith the pro- 
portion\)f oil present, is generally 0‘035-0'906 
(0‘94(M)'995 at 26", U.£4 I’-)- Alcohol, bon**n^» 
carbon disulphide, or acetone dissolve i^oct 
specimens of copaiba: glacial acetic acid dis¬ 
solve the resin only. Wherflnixed with small 
quantities of magnesia, lime, or fearyta, most 
specimens form a Inixture which g^’adually 
hardens. This depends upon yie presence of 
an acid resin which form* siAts with alkoJiim 
earth metals. Pliickigor (Jahresb. Pharm. 18G* 
162; 1868, 146) find| the action of copaiba ou 
polarised light to vary, some specimens being 
dextro* and others l»vo-rotatory.- 

The volatile oil in copaiba vanes from 20 to 
80 p.o. (generally 40-60 p,c.), the percentage 
of resins, wjjioh arc the sole other constituents, 
showing corresponding differences. A method 


} 

for the estimation of tlie volatile oil is given by 
Cripps (Pharm. J. |iii.]^2,193). 
j ^ The U.»S. P. requires %-miiii mum content of 
36 p.o. of resin and an acid value of iW-96 for 
copaiba. • * * 

Volutilc oil id copaiba boils at 262"-2G0°, 
IS soluble in 8-30 ])aiU of, alcohol { 8 i>.gr. 
;0‘83(>), or in 3 parts of absolute alooho^ and 
has a of 0*88 OIH. The ojj has the 

I odour and taste of copaiba, and consists prmci- 
i jially of sesquiterjieiies, iargity canjophydi nr. 

h.p. 258‘^’-2G0" (Wallach, Annalcn, 
1892, 271, 294)? iVlicii hydrogen chloride is 
■ passed into the dried nil, crystals of a hydra- 
\ d4oride Cj 5 H^j,jN 1 (' 1 , ^n.p. about 70'^ e.g. 
iDeussen ami Eger, (‘hern. Zi'it. f912, 36, 661). 

I 'I’ho terpeno of Maracaibo cojiaiba boils at 
250‘’-2GU°, and gives no erystalhne hydroohlonde 
I (lirix, Monatsh. 2, {>07).’ A dark-blue hydrate 
((A,o 11 , 5 _;) 3 ,I 1 ,0 is obtained towards the end of 
the operation when the moist terjteno is distilled 
over sodium (linx). 

The od from copaiba balsa^n collected in 
Surmaiu from Capaiferaijuyanf.nsis (llesf.) boils, 
for tin; most parf, at 254' -262'’, and appears to be 
• a mixture of two scsqiulerpencs. The fraction 
bijilmg at 270‘ -280‘'' eiuitains a little cadinene. 
'I’owards the cud of the steam distillation the 
balsam, a sesrpnlt-rpenc alcohol ni.p. 

114"- 115^, separati's in the condenser from which 
a sesqmierpoi’C b.^i. 252'k is obtained. 

'J’he latter is a imihile liquid which soon changes 
in the air to a resinous solid (van Itaihe and 
Niouw'land, Arch. Pharm. 242, 539; 244, lOl). 

Of the copaiba resins many are found only 
111 eertaiii varieties of the oleo-resiii. TJie most 
important is the erystalhne acid resin cojHtiinc 
acid 'I’liis constitutes hy far the 

greater jmrtion of the enido resin, and may bo 
obtained according ’to Schweitzer (Pogg. Ann. 

17, 784 ; 21, f 72) by steam distilling the balsAn 
and then allowing an alcoholic soliiNon of the 
resin, so obtained, to evaporate spontaneously. 
It may also be extracted from thq balsam by 
aqueou^ ammonium carbonate solution, and 
may be crystallised from alcohol; m.p. 

The acid is an isomeridc of abietic acid. Cry¬ 
stalline deposits somc^ime.s occur in copaiba. 
'One of these, in an old specimen of the Trinidad 
variety, which was supposed to be copaivic 
a<<d, was examined by Fliiclfi^cr and Hanbuiy 
(FlUck. a. Hanb. 231). It melted at 116'’-11^^ 1 
Another deposit investigated by Felling (An- 
nalen, lo, 110 ) proved to be an allied comjiound 
orycopa^vic acid (' 20 ^ 2803 - Simila^^, Strauss 
{ibid. 148, 148) extracted • ?nefacojpfftn'c acid 
CJ 2 H 84 O 4 from Maracaibo copaiba. Uopaibe 
from Maracaibo and Para has bee# cxffmined by 
Tschirch and Keto (Arch. Pharm. 239, 648). 
After separation of the resin acids and 
essential oil, a anudl quantity of a mixture of 
indiffeient rmwe-s* remained mostly, but not 
wholly, soluble in alcohol. From the Para, 
.balsam, paraco 2 )aivic acid CaoHjjOj, m.j). 3^®- 
148°, extracted by 5 p.c. ammonium carbonate 
solution, and homo-paracopaivic acid CftHjgO,, 
ra.p. 111°-112°, were obtained. From sampiw 
of • Maracaibo copaiba, ^-mciacopaivic acid 
(or CijHojOj), melting at 89°~90°, and 
Ul^ric^actd Melting at 128°-129‘’, were 

isolrted. Other resins have been described by 
Martin and ^igne (J. Pharm. Chim. [iii.^ 1, 62), 
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Posselt, (Anna)cn, 69, 67), and Rush (Amer. J. 
Pharm. [iv.] 0, 305). Of. Obordofer (Afch. 
Pharm. [li.j 44, 172?; Ulek (ilnd. 122, 14); 
Propter (Rharm. J. [iii.] 10, 003); Koussin 
U. Pharm. Ohim. [iv.] 1/-321); Levy (Her. 18, 
3200). • ^ f 

lUurin oloo-resin, an African variety of co¬ 
paiba, obtained from Hardxoickia Manxm (Oliver) 
in the Niger basin, also examined by Tschirch 
and Keto, contains illuric acid M'hich closely re¬ 
sembles Fehling^s oxycopaivic acid. It crystal¬ 
lises m the hexagonal system and is a monobasic 
acid. It gives the choleste^'oPrcactions and js 
not affected by fusion -with p(‘tassium hydroxide ; 
in these and other respects, <%it resembles file 
rosin acids of the coniferre, especially pimaric' 
acid, but it differs from them by reducing silver 
salts in ammoniacal solution. 

In medicine, copaiba is emjdoyed for its 
stimulating actioiron mucous membranes, espe¬ 
cially those of the genito-unnaiy system. 

Adulteration of copaiba has been largely 
practised. Tur})entine, castor oil, and gurjiin 
‘ balsam ’ are typical of the adulterants em¬ 
ployed. Numerous methods of testing have 
been proposed.' Thc.se are reviewed in Allen’s 
Commercial Org. Analysis, 4th ed. vol. iv. ]>. 
88; _ vol. IK. p. 313. It is shown that the 
specific grao^ity or percentage of resin and oil is 
so variable as to be of no value in detecting 
adulteration. Manyfl pro|iei-ties while apper¬ 
taining to most specimens of the oleo-resin arc 
not found in all. Thus fluorescence, a character 
of gurjun ‘ balsam,’ is not absent from all speci- 
mons of true copaiba; all si^eciimuis do not 
dissolve one-foiirlh of tlieir wciglit of magnesium 
carbonate or form a clear solution w ith a(|iieous 
ammonia or alcohol. Benzene is a universal 
solvent for copaiba, but it behaves in the same 
manner toward all the oidinary adulterants. 
Shbold (Pharm. 3. [iii.] 8, 251) detects as little 
as 1 p.c. of fatty oil in a simple manner. A gram 
or so is heated m a watch-glass until all oil is 
driven off, which is the ease as soon as the 
residue assumes a rich brow’ii colour. If the 
remainmg resin is brittle and pulverisuble, no 
fatty oil is present; fatty oils cause the rfliidue 
to remain sticky, even'-after further heating. 
Gurjun or wood oil may be discovered by 
FUickigcr’s process (Kluck. a. Hanb. 233 note). 
One drop ot cop^rba is agitated in a teat tul*e 
wjth 19 drops of carbon disulphide, and to this 
is added a drop of a mixture of equal volumes of 
strong suipbunc and nitric (1*42) acids.' After 
a little agitation, copaiba becomes reddish- 
brown wiCii a deposit of resin on the sides of the 
tube; gurjun oil gives an intense purpUsb-red 
colour chr.igiy'g to violet, v’hilst the oleo-resin of 
Hardwkkia, sometimes an adulterant of cojiaiba, 
gives no perceptible alteration of colour. By 
thi& procedure, i part of gurjuq^oil in 8 parts of 
copaiba may be detected. Another method is 
that of H^er (Pharm. Ceuth. 16, 257). 1 
volgnie of copaiba mixed with 4 volumes of light^ 
petroleum gives either a clear solution or only 
a slightnturbidity which, when it settles, forms 
iiQt more thUn a thin film covering the bottom 
of the vessel. Gurjun oil is insoluble in light 
petroleum and settles in half an hour. Benzene 
cannot be substituted, has been proj^osed, 
for light petroleum. Gurjun baisan. can afso 
-•be detected in copaiba by giving a reddish 


coloration, changing to blue, when the sample 
is boned with 3 parts of 95 n.c. alcohol and 
1 part of crystallised stannAis chloride, and by 
affording a reddish or purple colour when 4 drops 
of copaiba /ire aarefully added to a mixture of 
half an ounce,glacial acetic acid with 4 drops 
of nitric acid {cf. Brit. Pharm.). According to 
Turner (Amer. .1. Pharm, 190§, 80, 14) 3-4 drops 
of the volatile oil arc mixed w’lth 3 c.c. of glacial 
acetic acid, and 1 drop of freshly prepared 10 p.c. 
sodium nitrite solution. On pouring 2 c,^. of 
sulphuric i'eid below'this, witlout mixing, the 
acetic layer is at most colonrea pale yellow an^ 
pink, red or violet (absence of gurjun balsam, 
fy.ii). The pj-esence of oil of turjientme is 
recognised by Siebold during the evaporation 
for the deteciuop of fixed oils, and may be 
further identified by distillation and fractiona¬ 
tion of the volatile oil. Turpentine boils at 
100°-180'^', •'>11 of copaiba at 240°-250°. 8ee 
furiW'r: Bowman (Amer. J. Pharm. fiv.] 
7, 385); Fulton {ibid. |iv.] 7, 550); Kush 
(Pharm. J. [lii. 1 10, 5); Hager (Pharm. Centh. 
1870, 200; 24,141); Prael (Arch. Pharm. fiii.] 
23, 735, 70S); Wzync (Amer. J. Pharm. [iv.J 3, 
320); Maiipy ((!bem. Zent/ 1894, i. 929); 
Hirschsohn {ifnd. 1895, ii. 094). 

Eleml, (Hco-rcstna elenn {Hiiinc eUmi, 
Fr.; EUniiharz, Ger.), The Greek and Roman 
writers describe a ‘ gum of Ethiopian olive ’ 
which has been gencrallv identified with elerai. 
According to Fluckiger and Hanbury (Fliiek. 
a. Hanb. 147), however, this ancient elemi 
is the oleo-resin known as Lnhan mcych. Pliny 
terms the drug cnliGcmov or enkcemt, from 
which the name ammi and perhajis also denn is 
derived. I'lie term ‘ amim ’ is also used for a 
kinil of copal. 

During the sixteentli century, the older 
African clOmi was replaced by a drug of similar 
appearance, which came from Mexico, and South 
America, and this in its turn has gu^en way to 
a ])ro(Uict of the Philyipinc Islands, which is 
now the clcmi of c<tmmerce. 

IClcmi or Aninii of the older Writers; Oriental 
or African Elenn; Lvhan Meycii; Lvhan 
•Mali. 

This drug is derived fjom Bo»wellia Frere-’ 
ana (Birdw<^^>d), a tree belonging to the same 
genua whifrb yields Kie gum-resin oUbanum, 
and which inhabits the hills immediately 
.west (/ Gardafui. Notwithstanding the 
close botanical relation to olibanum, and the 
generic name, Luban being Arabic for tfflit drug, 
it!iei» is no doubt, owing^o the entire absence of 
l^am and othec characters, that Luban Meycti is 
a distinct jiroduct. According to Honbuiy and 
Fiiickiger (Pharifi*.*-.1. [iii.] 8, 805; Fliiek. a. 
Hanb. 147), ^his was the elemi of commerce until 
its plac6 was taken, in •ihe^ixteenth century, 
by a somewhat similar product of Mexico and 
Soifth America." o ,, 

^ Luban elemi is described by Fiiickiger and 
Hanbury as detached droppy tears and frag¬ 
ments, occasionally- in slalactitio masses several 
ounces in weight. Extem'ally it has a thin 
opaque white'* crust, but internally it is trans¬ 
parent and of an amber colour. It has an agree¬ 
able odour of lemon and turpentine, and a mild 
terebinthinous taste. The volatile oUr which 
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has a fragrant olemi odour, from the soecimen ' obtained elemolt CjjHjjO, b.p. h52°-166°/17 
examined, amounted to 3*1 p.c. It has aspecific i mjn., yielding the sesquiterpene elemene, b.p. 
gravity of 0 * 8 ^ aH17®, and rotates the polarised 115“-156°/10 mm. on dqijydration. , 

ray slightly to the left. It consists partly of a' Ail elemi resins are AaracteriMd by their 
dextro-rotatory hydrocarbon QioHi#, and partly high content of ciystaliino substances, t^e 
of a Xvs^O'XoiniQxy oxygenated oil. *Therm?i is chief tbeing a y|iyto 8 terol; Baup (Ann. Chim. 
mostly soluble in alcohol, and has the coin-| [iii.l 31, 108) called the latter mnyrin. It is 
position C 2 oIl 3 oOn (?). insoluble in water, readily solSble in ether and 

• hot alcoh^)!, and crystailises in satiny‘fibres, 

1 T ^ • which melt at about nd"". Ainyriit, C 30 H. 0 O, 

ElemtoftheSev€nteenihaTidMighlcenihCerUurui<; converted by Ves^rberg into tvo 

• Ameri^n or Brazilian Ekmt. crystalline isomeric acetates, 

• The oleo-rl^sin^ which replaoca the older and benzoates, t' 3 ^ 49 (C-liB 02 ), from which two 
African elemi for the most part during the corresponding amyrins have been prepared, 
sovontoenth and eighteenth ccnturicH, was the (^-Amyrin mel^ at* 181'’-118'5'', {a)-atnyrin 
product of several Brazilian trecS, species of th# acefate at 220®, and benzoate tti 192*^ while 
genus Proltum {Idea). A snecifben examined ^■am.yrin melts at 103®-I94°, {P)‘a?nyrin acetate 
by Fluckiger and Hanbury (FuicK. a. Hanb. 152), at 235®, and benzoate at 230® (Her. 20, 1243; 
was a translucent greenish-yellow fragrant tore- 2.3, 318()). (hamician (lier. 11, 1347), by dis- 
binthinous resin, which by means cold alcohol tilling amyrin with*zinc-du^, obtained toluene, 
could be separated into two portion|—the niothylethylbenzem;, and cthyinaphthalene. 
one soluble, and the other, consisting of a mass The cinnamate of o-amyrin occurs in the latex 
of acicular crystals, insoluble. of Aiiharis foxicarxa, (VVindavs and Wolsch, 

The oioo-rosin of Prolium heptaphylhm Arch. Pharm. 1908, 246, 564), and probably 
(March.), w%exaniined by Stenhouseand droves also in various gut^jicrchas from New' Guinea 
(Chem. Soc. Triiis. 29, 175). This is known a| (van Homburgh, Ber. 1904, 37, 3440; cf. 
Oum Hyaiva, or Conima resin^ or resm of the Vesterberg, ibid. 1906, 39, 2467). Amyrin 
incense-tree. It possesses a fragrant balsamic seems to be a tritcrpone alcohol, pme alcoholic 
odour, which depends on the presence of a small niothor-liquor contains the amorpripus re^n, or 
proportion of volatile oil. This oil, when ob- rosin soluble in cold alcohol, which is the largest* 
tamed by distillation with steam, boils at about constituent of elemi. l^o.sjdes amyrin, Baup 
270®. Bv treatment with sodium and fractional describes three other compounds occurring in 
distillation, it gives a hydrocarbon coniineney elemi— breidiv^ bre.in, and hryo'tdtn. Of these 
C 15 H 24 , which boils at 264®. If the residue, after the former has not been found again; the 
removal of the volatile oil, be dissolved in hot second is a diatomic alcohol of the probable 
alcohol, it deposits on cooling a crystalline com- formula (-' 3 oH 43 (OH).^, which differs from that 
pound, fcacris (7) and the mother- of amyrin by one oxygen atom; m.p. 217® 

liquor contains a yellow awprp/ioM.^ rctftn. Icacin (Vosterborg, Ber. IDOi), 39, 2467; tins paper 
melts at 175® {cf. Hesse, Aimalen, 192, 181), gives refenmccs to previous chemical cxainina- 
and is doubtless identical with Amyrin {see tions of elemi). -For the third substance, 
below). • * Cryoidtn, se^ below. • 

Specimens of Manila elemi Jiavo been 
oxammed by Tschirch and Cremcr (Arch. 
Pharm. 240, 293). 100 parts of the drug con¬ 
tain ; manarnyrin, consisting of a And p amyrin. 
The tree which yields the elemi of the present 20-25q essential oil, 20-25; bryoidtn, 0*8-1; 
day is a native of the Philippine Islands, and j a-nmnelemic acid, 5-6 ; ^-rngnelemic acid, 8-10 ; 
is called by the Spaniards Arbol a hrea. Its : manekresene, 30-354 inorgamc constituents 
botanicSf j'elations w'cre not known until qHiit^ ; and bitter substance, 1 - 2 ; impurities, 6-6 
recently, but it is n^w certain that the oleo*resin parts. Biroidin, C 21 H 42 O 3 , m.p. 135*6®, was 
is collected from Canarium luztmicum fMiq.)' j^repared by digesting th^ elemi .with dilute 
(Clover, Philippine J. Ijjci. 1907, 2#2). Manilla alcohol at a gentle heat a5d evaporatine the 
e>emi is a soft oleo-resin which, in appearance, ; extract to crystallisation. It is neutral, has 4 
resembles old honey. It occurs^ commerce bittoi» taste, and, whilst insoluble in«cold water, 
generally admixed with earthy pr carbonaceous dissolves readily in hot water arwl in alcohol 
mattA which giv^s it a dark colour. When and ether (Pharm. J. [iii.] 5^ 142). ci-Manelemic 
fresh and pure, it 18 colourless and has a frograi^t acid C 3 -H, 304 , m.p. 216®, previously isola^d 
odour. Cold aloohot applied, to *tho d*ig by Bun (Pharm. A. [iii.l 8 , ^l),i*crystallises 
discloses numerous acicular crystals visible ’from the alcoholic solution of the acids, ex- 
under a microscope (Fliick.#» Hanb.). tracted from the resin by aqueous potassium 

Elemi is a mixture of volatile oil and resin, carbonate, while the mother liquoi^ contains 
The volatile oil (up ho 30 p.c.) eSntains rf-phel- amonihous ^-Inunelemic acid C 44 H 33 O 4 , m.p, 
landronc, dipent^o, and a crystalline compound 75®-'?6®. Maneleresene CjsHj^O remains after 
which may be identical wit^ Amyrin (Wailach, the removal of the other constituents ^f the 
Annalen,2^2,102). Phefiandreneandipent^u! oleo-resin; it is amorphous and melts aF63®~ 
are also obtained by the dry distillation of the 4)6®. • 

rosin (Wallach, iUtd. 27*, 310). From the Elemi is seldom used in medicine in this 
highest boiling factions, Seramler (Ber. 1908, country. It is, however, sometimes emplUyod 
41, 1768; 1918, 2183) has isoliited ekmicin or ift the form of ointment os a dressing for indo- 
l-allyi- 3 ; 4 j 6 -trimethoxyben 2 ene, b.p. 144®- lent ulcers. At present its chief use is in the 
147®/10 mm., and ^mrfiler and liao (« 6 td., |rojJaratipn of printing inks, and occasionally 
.1916, 49,*794; 1917, 50, 1286) have further I as^ ingredient in varnishes. . 


Elemi of Commerce of Hie Present Day ; Manilla ■ 
Ekmi ; A^hol a Brea Resin. 
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Oho-resins allied to Elcmi. 

Auime. —Muoli confueMm oxistR us to tlie tfte j 
cf the word aninie, the sumo may bo re- j 
marked of t<ioarnahac. By some writerR dnime | 
iVised as^synonyrnous with elemi, and by others 
it is rostncted ohiefiy to a vnrioty of •.•opal. 
There arc, howeyer, a number of other eleo- 
resinous jn-oduets which are usually known 
as anibip. The ohiefr members of rthis class 
are: 1. Gomarl olco-rcsin, or (jomniicr 
the exudation ofnDacori/dc-s hcxandm (Oriscb.), 
an inhabitant of the \Vest Indies (Imp. Inst. 
Kej>. No. O.'b 15)2). Tins has^an'odour between 
that of elemi and turpentine. Owing to its 
general resemblance to triA tlen^, gonimier resi*i 
IS comt^only ktiown us ‘dry’ or West Indian 
olemi. h'or analysis and commercial valuation, 
Hce Imp. Inst. Heiiort. The oleo-resm has been 
examined by More (('hem. Soir Trans. 75, 7IH). 
The essential oil war. found fo contain 04 p.e. (.d 
/-pmene and 17 p.c. of sylveiitrene, and from the 
resin a ery.stnlline compound, m.p. 10G"-I07", 
was obtained, lurving the eomjiosition C«,1I ). 

2. Brazduin nnmcy the product of UmiKnaa 
('ourhar}l (Liim ), a tree belonging to the natural 
order lAgumntoMv. The oleo-resin rcHcmbles 
mastic. Itr.softens in (he inoulh, ainl when 
warmed einibi a pceulmr odour. The volatile 
oil is‘colourU'ss, with a .stiong, not un[ileusant 
'■-alour and burning taste. It is eomfiletely 
.soluble in alcohol (Paok, Brugn (bom, JO, iI2()) 
After ri'inoval of the oil, eold nleolio) extiaeis an 
(unorphouff re-sin, and the lesidue, dissolved in 
boiling alcohol, deposits on cooling a 
rn/siniline compound, winch was analysed by 
Laurent (Ann. Cluin. [iij b(i. 314) *SVc 
also Hatka (I'harm. J. |iii.] b, 742); Guilionrt 
(Rev. seieiit. 10, 177); Fillioi (.1. I’lmrm. Chun, 
liii.] 1, ;I01, 507); Hancock (Ed. N. .1. Kc. 1, 
240); Marizini (J. Pharm. *21, 752): Heviilc 
(Anraaien, 71,354). 9 I 

Carana.-t-A. soft oleo-resin allied to Brazi- I 
lian elemi, jirubably derived from Piotium j 
Carana (Maroli.) and allied species. It has a ' 
Fragrant baisimic odour and somewliat bitter j 
taste. It contains Oti p.c. of resin, solu^de in j 
alcohol (Pelletier, Bvll.'rharm. 4, 241). (Jartina | 
elemi from Protium Cnrutpi (March.), has been 
examined by Tschindi and Saal (Arch. Pliarin. ■ 
241, 140), who found that in 100 parts of the 
drug there were oputamod iHoainlnmnic avidt 
2; /areleminic avid, 8; carvlnniv acid, 10; 
e.ssential oil, 10; ainyriiis, 20-25; rescue, 30- 
36; impuAties, 12-15 parts. For analytical 
constants v. Dieterich (Pharm. Cenih. 40, 463). 

(7cradm.~The prpduct <*{ Prradta {(Hfiohnu) 
Jurvata (Lindl.). It is an amber-i^olouroil oh*o- 
rcflin with tire oi?our of elemi (R. Thomson, Phil. 
Mag. 28, 422). 

Manritms elemi. —-An oleo-resin very closely I 
rescrftbling Manilla elemi. It is t^ie yield of thi' j 
OartariMmmattri/ianuw(Blumev Fluck. a. Hanb. 
162). It has been examined by Tschirch and 
Saal ^Irch. Pharm. 1904, 242, 348). 100 part^ 
of the drug were found to contain a-ifiocoklemic 
acid, 10; ooleleminic acid, 2; ^-isocolelvmir acid,* 
8 ; iiplnmyrin, 26-30 ; colerescve, 30-36; essen¬ 
tial oil, 3 ; bitter principle and bryoidin, plaiyt. 
remains and impurities, about 10 parts. 

Mexican elemi. Vera C][uz elemi .—Mexican 
elemi is not now an article of oommer^. It,i8 
nearly related tb Brazilian elemi. It is the re¬ 


puted yoduct of Amyris Plumeri (DC.); (Fliick. 
a. Hano. J 52). This elemi has been examined by 
Tschirch and Cremer (Arch. iPhltm. 1902, 240, 

' 203), who find that it contains a very large pro- 
jiortipn of subatapees w'hich resist the action of 
alkalis (rescife and amyrin) and this would make 
, it peculiarly suitable for the basis of a lacquer. 

2'acainahac .—The following are the more 
iin])ortant olco-rosins which htwe been described 
as tacamabai-: 1. Eu^t Indian taemnuhae, the 
product of CaUyphyllam hiophythini (Linn.), 
whicli inhaVitfl Bouibon and Madaga.'^car. * It 
IS a dark-green balsamic (;psin—sp.gr. J -032 ^ 
m p. 76'^. 2. Yelluv' lavamuhav, tlie exudation 

j ol Amyns iacamahie (Batka). It was labelled 
fVaeamahaquv vicuje by I)cb Marcbais, Ajncan 
\ incen-sv by Prfiyra, and Bdellium d- Ajnque by 
I Guiboiirt. It meft.s at 100°, exhaling an agree- 
j able odour, and the resin remaining is partly 
soluble in alc#liol. The part insoluble in alcohol 
oou.sii^H of yeliow' crystals— iacamahavin. This 
substance is msoluhle in ether, spaAngly soluble 
m alcohol, and is unaffected by alkalis or nitric 
acid. iSiilpbiiric acid dissolves it with a. violet 
coloui (Ibitka, J’liarm. .1. (iii.J 0, l^i). Vcllow 
tacamahao is often termed f.nime. 3. Oleo- 
It sin t)f }‘?otmin heptapJiyllum (Aub ). This has 
been already described under the name of 
comma lesin {sec, Elemi of (he sevrideenth and- 
I iqldeviUh ceidnrir.s). A number of samjiles of 
i Tacamaliac resin liave been examined by 
THchii'ch and fciaal (Arch. Pharm. 1904, 242, 3()5, 

, 396), and analytical constants are given by 
L)ictericb (Pharm. C'cnth. 40, 463). 

BoyidcH\licso, wlueb Batkn regards as true; 
tacainabacs, the jiroduct of Prviium obfusifolium 
(March), the Mnuritiiis lacamaliac, and com¬ 
mon tfoltpoi ol Pinus Pinaster (Soland), the 
lattei' under tlic name of the hittir tacamahac of 
tref-s, have * 1)0011 described as vRiieties of tliat 
drug. * • 

Gurjun oleo-resin. Onrjun balsa^i ; B’ood 
Oil, Oko-resinn dipUreHorpi. This olco-rcsin 
resembles and is usell as uiv adulterant and sub¬ 
stitute for copaiba (so called h]u,st Indian co¬ 
paiba). It is obtained from Burma and the 
Straits, being the ])roduct f)f various species 
of JJipfcrocarpits (Fliick. a. Hanb. 88)*, Gurjun 
#il hiust not be confounded with th® fatty oil 
which is also known as oil, or wood oil 

of CIiiiKf, whi?h is expressed from the seeds of 
the Alenrdcf'rordata (Hleud.), the well-known 
Tunq tree of the Chinese. ‘ 

, CTurj>n. wood oil, resembles copaiba in 
ajipenrancc, witb the exception of its ^ores- 
ccniie, a character rarely found in copaiba,/When 
liaai^e^ in a closed tube to ^0” it becomes almost 
Hohd, whereas «copaiba similarly heated does 
not \hm its fluidity. For other distinguishing 
(diameters v. CoPAiSk. 

According yemmler and Jakubowicz (Bor. 
1914, 47, fl41, wherever other inferences), gurjun 
oil contains two tjioyclic sesquiterpenes, a Icevo* 
^otatftry one (O’) «*p.(V) which gives Turner’s 
reliction (t'. Copaiba), and^a dextro-rotatory one 
(33 p.c.) which does not give it. -The oil boils 
mostly at 255°-260'^,^ and his D. 0*916-0’926. 

When the resin of wood Ail is extracted by 
alcohol, and aqfleous solution of ammonia added 
and the amorphous rpsin which separates col¬ 
lected, the solution contains ammonium gutjunate 
from which gurjunio acid is obtahied as a’ 
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proci|)itate on tin; addition of a ininer^ add, 
and it may tJie^ be rci^tyatalliHed from etber or 
alcohol. Werner fAind it toineltat 220'’,ttiHl to , 
boil with decoinpoaition at 2(10'^. Gurjunic acid 
ia soluble in alcohol, benzenen and carbon di¬ 
sulphide. It may be regarded as Iri-liyilrated 
abiotic acid thus: This for-j 

inula agrees equi^ly well with Werner’s data, i 
It 18 probably identical with the meta-copaibic , 
acid of Strauss (v. (kirtviiiA). A coitrinmnd, \ 
yielding a diacetato is obtained ' 
from gurjun ojo-rosin find entcr| comiuorce 
fts ‘ copaivic acid#’ it is crysUvllme, melts ' 
at 120''-129'^, IS aohible in ulcohol and ether 
but insoluble in water and ,alkalis {liiix, 
Monateli. 2, 5Hi). 'I'he amorphous rosin whioli* 
constitutes the chief part of Jiw^'eain of wood 
oil consists of (jurjottfuiic t’i 7 H 28 Gj> m.p. 

(Tschirch and Wcil, Arcli. Iduirm. 1903, 
241, 372). The de])OsitH, largely •rystalline in 
character, which are Immd in vai’joiis Krt#nph'.‘< 
of gurjun balsam, consist of lusin alcohols oj- 
rosin phenols, but are insolulile in alkalis, in 
these il'spects resmnbling amyi'in. 

In additfc'ii to its use jih a sub.stitnli' for 
copaiba, wood is onijiloycfl in Induu as 
natural varnisli. os])ooially for .slnjis. 

Ladanum; Lahduninn. A sticky, black- 
brown, soft oloo-r<*sin, derived fiom (UhIuk 
pohimorphns (Willk.) an<l oilier s]a-cies of 
t.’iv/ 7 /s-, inluiluting the Greomn Anlnpelago and 
tho shoroh of the Meditorjaiioaii (<•/. Ihuitl. a. 
Trim. 24). It is a variable mixture ol ro.sin, 
volatile oil, gum, W'ax, and earthy and woody 
impunties. The odour is fragrant, and it. has a 
bitter ta.ste. Guibonrt (Hist. Drogues, 3, 001), 
Pelletier (Bull. Phann. 4. 50.3), Johnston (Phil. 
Trans. 1840, .344), ’Dii.selton Dyer (Pliarm J. 
[iii.] 15, 301 ; 10,385,770). For am^lytieal con¬ 
stants, sej‘ Dietcrich (iiiarm. C'ciitli. 40, 453). 
P’or an account of the diOerent eommercial 
forms'of ladaniiin, its lu.story, mode of collection, 
projierlicH and uses, .sct'^Holyics, Perfumery and 
Esseut. Oil E.ccord, 1011, 2, 132. 'I'he yellow I 
oil (0‘7-0-fi p.c.) bods at 5(P-1H5715 mm., ' 
and conteina alcroliols, phenols, e8tei*8, terjienes, j 
acotophenonc,and 1:1: ^•IrivKihyh'yclohexanone [ 
iMa8sonj*t»'om])t. rend. 1912, 154, 617). Accqrd- ( 
mg to Route-Bertrand it jiossosses the follo.winjfi 
characiors'0'90?t3, 10'; 

1-4800; acid number* 3-7; sajj#!!. number | 
22*37; ester number 18*07 ; solubility in 90 ]>.c. | 
alcohol 0'5 to 5*0 V olumes. • .i 

LUDUlin. Lupulviicglands; If9ipulina{Lupii‘ 
linet ; JIo 2 \fc>iiJriinen, Hopft nstauh, Ger.). 
The detached minuto^lands of tho fittrol*le of 
Humulus lupulus (Linn.) contain vohtile dil^ 
i\ bitter acid, resin, irax. Ilumvlvs, U.S. F. 
Hops and lupulin have betV deleted from the 
B.F. 1914. , 

Cf. myreene, t^-crflyophyllene (togjbtlier 80- ; 
90 p.c.) linalool, linaloyl tsoryiuatc, probably I 
traces of a geraneolester %nd% little of a 
pene (Chapman, Chei». Soc. Trans. 1903, to, i 
506). Tho identity of the myreene was proved 
by Semmlcr (Ber. Bill, 4#, 2009); i-a-caryo- 
phvlleno was identified with Chapman’s ‘ hunm- 
lene ’ by Deussen (J. Prakt. Chem. 1911, [ii.j 83, 
483 ). . . ^ , 

Commercial lupulin *hafl been examined by 
•Barth (Chem. Zen.tr. 1900, [ii.] 681), who f#und it 


to contain 18‘27 p.c. of ash, 03*93 p.c! ol material 
soKiblc in ether, and 30*07 p.c. of lupulin husks. 
,Tlie ])oriion soluble in eH^-r contain(?d O'lS p.<jt 
of wix, 11 *56 p.c. of a-rcA'i7f, 43»*31 p.c. of 
^-rcKiK; 0-17 p.c. of ash, and 8-72 p.c. bf fat o:y, 
y-nvnif, &c. T4c juoportion of sand in com- 
jmcreial lupulin varies from 10*(| to 20*2 p.c. 

'I’lie volatile oil which exists to the extent of 
about O-Oep.e. (l-’lnck. a# Hanb. 65j^), consists 
according to Wagner (J. 1853, 510) and J’ersonne 
(J. Phann. (’him. liii.] 20, 24*. 321 ; 27, 22; 
J. 1854, t»54) of a Icrpene, bailing at 

175'’, and an (ixy^tenated (‘om}K)und prol)ably 
vulcrol, which boils at’ 210” and on 

<i#cjda1.ion yieldi# valefic aad. The latter acid 
bus also been detected in liu^ls. 'I'he crude 
oil bolls from 140” to 300 '. (■/. M6hu {'rhfese, 
Montjiclhcr, 1807), and O.ssipow* (J. pr. (’hem. 
jjii.J 28, 448) Chapman (Chi'in. Boe. Trans, 
<)7, 54, 780) finds tfmt the m\ can be seiiarated 
into two fractions:* one, boiling at 100^-J7P, 
})rol)ably a mixiurc ol two hydrocarbons, ('j^llie 
and (’iill]8, and the other, ft scsquiterjicne, 
huiiniknc, Cir.H 24 , b.p. H)0 -170 (00 mm.). 

The liitici gives a cry-stallme, mtrosochloruic 
melting at I04”-105'‘. 

The resms present m lupulin are divided into 
I soli and hard resin.s. according ast lkey aro soluble 
; (u- insoluble in light petroleum (Hn^'duek, Bied. 
Zenir. 1887, 094). Tlic a-rcsin, a soft resin pro?* 
' oipitated by lead aictaU, contains a-lupuliinc 
acid, which, when ])urc, in extrcnu ly resistant to 
chemical reagents but is rajiidly transformed 
' into a resin at a high tem]K“raturc (Barth, Chem. 

: Zeiitr. 1900. |ii.l 915; Siller, Zeitsch. Nfthr. 

! (Jeiiussm. IS. 241). 'The j8-resin, whi<-h is also 
i u soft resin, is not precijiilated by lead acetate. 

! It a})])ear8 to be an oxidation product of an 
i organic acid, ^-lupidinic arid, first obtained from 
! hops by Buiigerer (^ull. Boc. chiin. [ii.j 45, 489) 

' 7'o jirepare •upulimc acid, lupulin is extracted 
! with light petroleum and the crude crystals which 
are obtained on concentrating the solution are 
jiurilicd by recry.stalhsation from ulecrhol and 
altcrwaiids from light petroJeuni. The acid 
crystanises in glistening prisms which melt at 
U^'^'aud become resinous on exposure to air 
(Barth and Lintnell Ber. 31, 2022). The 
y-resiii is insoluble in light petroleum. Siller 
(/.r.) finds it to be a mixturc of at least two 
distinct reaiiis differing in «*rbon content and 
in solubility ill ether. • . 

For estimation of the rosins and their 
bitterfles.s (a : j8 : y= 10 ; 7 : 4), see* Schmidt, 
Wingo and Jensen (Compt. rend. La^. Carleborg, 
PJ14, 11, lit)). . 

Hum ulon = ‘ a-Hopfenbittorsaure ’ = ‘ a-lupu* 
linic acid,’ was finally purified ^ o^crystalline 
compound o-phenyl- 

cue diamine liy Wollmer (Ber. 1916, 49, 780). 
Humulon, CjihlsoOs when pure is quite sfkble 
and tfdourless, and almost tasteless. Several 
crystalline derivatives and fission products 
hqve been obtained. For other constitiients 
of hops, see Power, Tutin and Rogerson (Chem. 
»oe. Trans. 1913, 103, 1286); ChapiUan {ibid. 
1914,106,1896). • 

« Mecca or Opobalsara. Balm of Gilead. This 
oleo-resin is the balm of the Old Testament 
^dlhe Greek writess, and is the substance to 
which thtf name ‘ balsam * was originallv applied. 
Tho term has, however, with advance ol 
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discovery, oome to have another meaning, and is examination of resins already described, find 
now employed in a generic sense for those resitls, ] the oleo-resin from Firms ^/Iv^iris contains: 
^leo-resins, or gum-re^ifts which contain cinnamic, acid, \'5; ailnnolit acids a* and 6; 
or benzoior acids (compare Balsams). Mecca 58-00; essential oil, 16; silvorcscne, 20-21; 
<Veo-resiil is the product‘of Commiphora opo- ! bitter substance,* succinic acid, and impurities, 
balsamiim (Engl), a tree grossing in Arabia.! 1-2 p.c. {cf. Scvfikatcloff, Chem. Zentr. 1008, i. 
Trommsdorff (N, J. T. 10, 02) finds it to oonsisti 2097). 

of r’olafile oil, 30 p.c.; soft resin in^toluhle in nkv- The resin from Pinus lariciai Poiret), Austiian 
hoi, 4 p.c. ^ hard resijf soluble tn ako^.ol, 04 p.c. ' turi)cntinc, melts at about 100° and has a yellow 
A specimen analysed by Bonastre (J. Pharm. I colour which on expofiure to light becomes red. 
18, 95) coutaiiwV' only 10 p.c. of volatile oil, ' On boiling w'lth water for a long time and ti^en 

” ’ ' •f 'ith ether,* caffeic Mid ferulic adds 


and the other constituents were correspondingly 
higher, in physiological actioi'., the oleo-resin 
i.s allied to (iopailia and the turpentines. 

Har|)wickla pinnata fileo-r^in. Tins olcr- 
resin is an Imll’aii substitute for copaiba. It is 
derived from a tree ne.arly related to the Cvpai- 
/era, which inhabits the forests of youth Tra- 
vancore Ghats and South C/inara. A specimen 
examined by Fludager and Hanbury (Fluck. 
a. Hanb. 233) was a thick, black-looking, 
viscid fluid, which, when viewed by transmitted 
light in thin layers, was yellow-green or vinous 


extracting 

were obtained and also vanillin (Bamberger* 
Monatsh. 12, 47l»^ The resm is resolved on 
Indigestion with ether into an a-modijication 
(80 p.c.), whirh is soluble in ether, and a j9* 
modification (20*pfC.) insoluble in ether. When 
excess of potash is added to an alcoholic solu¬ 
tion of the a-resin or of the crude resin, a colour¬ 
less cry.stalliTie potassium compound is formed 
whiclf, when treated with hydrochloric acid, 
gives a powdery precipitate of pinoresinol. 
The caffeic and ferulic acids are in all proba- 


red, according to the thickness. It had no ! bility ])resent in an uncombinod state (Bam- 
fluorescenoe, nor was it gelatinised by heating, [ berger, Monatsh. 1«5, 505). |Piilf*resinol can 
as is the case with wood oil. ilroughton |^le obtained crystalline, m.p. 122°, and has 


(Beddowo, »’<'lora Sylv. S. India, Madi-as, 1872, 
255) found 35 to 40 p.c. of volatile oil (CgHg)^, 
boiling at 225 ‘. From the resins this observer 
'was unable to ])repare copaivic acid. 

Minjak-lagam, A* oleo-resin resembling 
gurjun was examined by Haussner (Arch. 
Pharm. 21. 241). It is dingy green by reflected 
and yellow by transmitted light. It is soluble 
in alcoliol, ether, benzene, chloroform, or carbon 
disulphide, and yields 33 p.c. of volatile oil 
boiling at 250°. The resin is composed 
of an acid OgHj,/), and a neutral constituent. 

Sumbul oleo-resin {Racine de sumhul, Fr.; 
Sumbuhvurzel, Moschusumrz^, Ger.). The root 


the comjiosition C'ibH^oO,. The jS-resin, on 
purification, forms a chocolate brown powder 
and appears to have the composition 

C:.oH3oO«(OMe), 

Its properties are those of a iannol, whence it is 
named pinorestnotannol (Bamberger and Land- 
siedi, Monatsh. 18, 481). Tschirch and ychmidt 
(Arch. Pharm. 241, 570) found 100 parts of 
the oleo-resin to contain : laricopinic acid, 25 ; 
laricopinonic acid, 34 ; essential oil, 35 ; resin, 
2 ; water, bitter substance and impurities, 3-4 
parts. 

Tsehirefl and Briining (Arch. Pharm. 238, 


of SKFerula Sumbul (Hooker), or» musk root j 630) find in Bordeaux turpentine, the oleo-resin 
(Bentl. a. Trim. 131), a perennial plant, inhabit-1 of P. pinaster (Solander), 6-7 p.c. of pimarit acid 
ing the mountains of Maghian, in the Khanate i CooHjqOj, crystals, in.p.,144°-146°; 48-60 p.c. 
of Bokhara, is official in the United States {Sum- j of a- and ^-pimarolic acids ; 28-30 p.c. of 
bid, U.y. P.).* It was deleted from the B."P. in [ essential oil; 5-6 p.c. of rescue ; and 1-2 p.c. of 
1914. When <!xtracted with ether it ’yields 1 succinic acid, alkaloid, colouring matter, water, 


about 9 p.c. of a resin, having a musky odom 
and I p.c. of a bluish volatile oil. 

Reinsch (Jahrb. pr. Pliann. 6, 300; 7, 79; 
13, 68) obtained surnbulaniic acid, a turpentine- 
like mass, which,^issumes the form of sof^ 
yelU>w needles on standing, and angelic acid. 
Compare also Reinsch. and Riecker (Jahrb. pr. 
Pharm. 16', 12). yommer (Arch. Pharrai 138, 
I) invesiigifted sumbul root. On dry dis¬ 
tillation, the oleo-i/jsin gives first a greenish 
mobile oil, smelling like creosote, then a blue oil, 
lighter thalt‘wai=^r, and with .i peculiar, not very 
agreeable, odour. Together with these, the 
same observer found crystals of umbelliferone. 

Thrpentlne. The oleo-rcainovs exudates of 
various species of Coniferce. 


and impurities. For concreted French turpen¬ 
tine, common frankincense or galipot, see 
SIe^ins, , • * 

Pjnus palustris (Mill.) is^thc ‘ long leaf pine ’ 
of the United States and is the chief source 
of the turjfentine anJ resin prepared thep. 
In iOO parts of the oleo-resin, there arc con* 
tained tmUfffienic acid CigH 2 (, 02 , m.p. 110°, 
5; palahieiic Ocid, CaoHjoOa, m.p. 153J-164°, 
6-7; palabieiinolic acids, 0 i«H 34 O 2 , w-S?; 
ofisenfial oil, 20-22; palotKsene, 10; bitter sub- 
st&nce, impurities, and water, 2-3 parts (Tschirch 
and fcoritschoner, Arch. Pharm. 240, 668). 

Canada turpe^iie, Canada balsam, Balsam 
of fir. A product of the balsam or balm of 
Gilead fif, the Abies bhlsaiipea (Mill.). This 


Crude or common tuppentine. This is de-; is incorrectly cabled balsam, and it miMt not 


rived-^in Russia and Finland from the Pinys 
sylvestris (Linn.), or Scotch pine; in Austria 
and Corsfia from P. laricio (Poirot); in Southi 
W’ejtern France from P. pinaster (Solander); 
and in the United Slates from P. palustr^ 
(Mill.), the swamp pine and the Loblolly pine, 
P. Ma (Linn.) (Fluck. a<>Hanb. 604; BentL 
a. Trim. 266-269). Teohiroh and Nibdefstfdt 
(Arch. Pharm. *^39, 167), using the method of 


,be edhfounded with trvie balm of Gilead or Mecca 
balsam {ef. Fluck. a. Hwib. 612; Bentl. and 
Trim. 263). A similar tuijnentine is obtained 
from the hemlock' spruce, Tsvga canadensis 
(Carr.). • This has been investigate by Tschirch 
and Briining '{.4jrch. Pharm. 238, 487). 100 
parts of the turpentine contain canadic acid 
m.p* 135M»6°, 13; canadoUc acid 
CjeHs^j, crystalline, m.p. 143'*-l46“, 0*3;* 
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a- and ^-canadinolic acid^, Cj^Hg^Oj, m.^. 89°- 
96®, 48-60 ; CMeutial oil, 23-24; camdorescne, 
11-12 ; succinic add and impurities, 1-2 parts. 
The oleo*ro8in also contains an alkaloid soluble 
in water. On dry distillatioi^ formic, acetic, 
and succinic acids are formed. ^ 

Venice turpentine, Larch turpentine. The 
exudate of the iarch Larix decidua (Mill.), 
mostly obtained from the Tyrol. Tachirch and 
Weigel (Arch. Pharm. 23^, 387) have isolated 
lari^inoUc acidf ui.)). 147"-148^, 

'Crystals, 4-5 p.J.; a- aAd jS- lari^olic acids^ 
tfjgHajOa, which n^y be iclentical, 55-00 p.c.; 
essential oil, 2(i-22 p.c.; reseno, 14-15 p.c.: 
alkaloid, colouring matter ayd irnpunties 
2*4 p.c.; siiccmic acid, 0*1 )).c. {rj. Bain-^ 
berger, Monatsh. 18, 481; . Mub(!rger and 
LandsiedI, ihid. 20, 755). 

Strasahurg turpe/nline is the yield of.the 
Sliver fir (*-9(/pui, Fr.; Wtuixlanne <»■ hUitUonne, 
(lor.), Abies pectimita (D(!.). 'I'he niarlTj^t is 
supplied chioily from the Vosgi'.s (Fluck. a 
Ifanb. 015; Bent!, a. Tnn. 202}. In 100 parks 
the turpentine contains ahicnic acid 
m.p. 114°- H -l(i; ahietric acid crystalline, 
m.p. ^45"-l.5;F, l’5-2; a- and 
ahietinolic aenU. 40-50; essential oil, 28-31; 
ahictorcHcnCy 12-10 ; alkaloid, colouring matter, 
water, and impurities, 1-2; Hueenne a<'id, 
)'05-()'08 ]>arts (Tschirch and Weigel, Arcli. 
Pharm. 238, 411). 

CaiKida balsam from Abies halsamcn and A. 
zanadeims is similar to the last two varieties. 

Hungarian iurpenline i.s obtained from the 
Pinus p'umtlio (Haenko). 

Chia7t turpentine is the turpentine of the 
Mder writers, and is derived from a small tree, 
Pislacia terchiuthus (Linn.), w’hieli inhabits the 
shores <»f the Mediterranean and Asia Minor. 

Jura Iurpenline. is ^he products of Vu'ca 
ixecUa (Link). The r(%m melts at about 100°. 
and whoiijboiled with water gives an aqueous 
extract wTiich contains p-cournanc acid and 
vanillin (Bamberger, JUo^atsh. 12,441). Tschirch 
and Briining (Arch. Pharm. 238, 010) is^dated 
piceapimnrinic aad C^ 2 o^so^^ 2 » crystals, m.p. 
I44"_145'^, 2-3 p.c.; piceapimaric acid 
l’5-2 p^<V; u* and ptccapimarohc aetds 
t^ 26 ^ 44 ^^ 3 » » essential oil, 32-33 pfc.;» 

juroresene, 10-12 p.t.; succinic acid, alkaloid, 
colouring matter, water, and impurities, 1-2 p.c. 
(r/. Tschirch and Koch,l^rch. PharJi. 240, 272). 

•The resin’from Pinus halepensis (Mill.) is 
used in Greece for preserving ai^^ lli^jk^ourine 
wine. It has been investigated by Tschirch and 
Schulz*^Arch. Pharm. 245, 160). 

The resin oil hovaj^inua longifoliq (Ryxb.^, 
a tree indigenous to the lower Hkualayas, forifts 
a white rather tough opaque mass and tfhs a 
granular structure which i8*riue to the partial 
crystallisation of the rosin acid. ^ The turpen¬ 
tine now largely from it in Ooternment 

factories contains l*a*pinene, jS-pinene, d-ca- 
rene, CmH,^ bhA d-longiMem*und C,gH 24 f(Si- 
monseu, Trans. Chem.^oc. 1920, 117, 670.) » 

The resins of the Norway pine, Pinus 
resinosa (Solander) alid thefl)ouglas fir, Psetdo- 
isuga Douglasii ((j&rr.), have been investigated 
by Frankforter (J. Amer. Chemj“Soc. 28, 1467; 
31, 661). Russian ‘white pitch,’ which is 
probably the product Ahies sibirica (Ledeb.), 
or of Pice^obovata (Ledeb.) has been ex^ined 


by Tschirch ahd Koritschoner (Arfch. Pharm. , 
24^1, 684). Brooks (Phttippine J. Sci. 1910, fA]/ 

229) has examined oleo-resin of Pinuw 
insuUAis (Endl.) and the resinousssaps from 
various pines have* been inveatigAted bjr 
8 chkateloff (Chem. Zentr. 1908, i. 2097). 

I Tar V. Turpentikk. , G. B. 

’ OLEUM. Fuming sulphuric acid (q.v.). 

OLEUM PIMENTffi v.*Latjrtts nobilis. 

OLIBANOLS. Olibanol when isolated from 
oil of frankiiiconso (?’. olibi'.Hium, art. Gum 
RESFNS) by distillation in mcu6 has b.p. 117’’- 
ll9°/22 mm. and yjelds no pinononio acid when 
oxidised by eold permanganate. It is called 
of^libanol to dislinguiSli it from the isomerido 
^-olibanol into which it is converted on aistilla* 
tion at atnmspluTic ju'csHiirc (b.p. 210°-2JF), 
and whi< h yidds jiinononic acid on oxidation. 
a-Ulibauol on reduction by sodium and alcohol 
gives dihadin-ohbanol bp. 100°- 

102 /25 mm., whicb has an odour rcscMubling 
.sage and aiijicars to be an alcohol. It is 
characterised by a cry.stallinc* 
m.p. J35°-137°. ^-Olibanol does not show these 
properties. Another isomondc, y-ohbanol,*b.p. 
n4"-ll<»°/l5 mm., fB®---0'!)502, isolated from 
a diftcrciit speeimeii of oil of fraiikinifunse, gives 
no dihydro comjifnind, and <loo« not ^icld 
jS-olilianol on distillation (Fromm* and Klein, 
Aiinalen, 1921, 425, 208). 

OLIGOCLASE 7 \ FKi.Ht’AR. 

OLIVE, the fruit of Oka turopcea (Linu.). 

Many varieties are knowm. The fruit is 
largely used as a source of olive oil (v. Oi jve oil). 
It usually consists of about 80 p.c. of flesh and 
rind, 17*5 p.c. of stone, and 2*5 p.c. of seed. 
All parts of the fruit contain oil, but the best 
is obtained from the flesh. According to Kiinig, 
the following gives the average composition of 
the various parts of the fruit:— 

* Carliohydratea * 



Water 

Protein 

Fat 

and flbre 

Ash 

Flesh 

. 30 1 

5-2 

61-9 

10-5 

2-3 

Stone 

. 9-2 

3-5 

2-8 

83-3 

11 

Seed . 

4 

. 10-0 

18-0 

31-9 

367 

2-2 


whilst the ash has the following percentage 
composition;— ^ * 

KgO NajOCaO PjO^ SO, 810, Cl 

Flesh 80‘9 7 5 7*6 0*2 0 7 1-3 M 0 7 0*2 

^one 58-8 O'U 7’6 0-4 0-ji 1G*7 3*3 1-3 47 

Seeds 30-3 2-0 30-4 1'2 0 1 28 2 2*4 5-4 ^*1 ^ 

Thp fruit has an insipid, bitter t^Jte, and is 
usually pickled before being eat^, salt and 
spices being used for the purpose. Tlie following 
are American analyses of tlte edible portions of 
pickled olives:— ^ 

. ^Cornohydrales 

Water Protein Fat and fibre Ash 
Green olives . 68 0 M 27-6 11-6 17 

Ripe olives . *647 1-7 25-9 4*3 ^3*4 

Ground Olive stones or ‘ poivrette ’ have been 
used to adulterate pepper {v. Wynter ^yth, 
Foods; also Martelli, Staz. Sper. Agrar. 1895, 
88 , 63). For results of the examinatiooi of olive 
leaves and bark v. Canzoneri (Gazz. chim. j^tal. 
1906, 36, [li.] 372) and Power and Tutin (Chem. 
Soc. Trans. 1908, 93, 891, 904). According to 
Bourquolot and Vin^esoo (Compt.* rend. 1908, 
A'L^33),<)live8 contain a glucoside— oleoettropetTi 
—a yellow powder with bitter taste, hydrolysable 




702 


^OLTVE. 


by emulsin', which is present in the fruit, leaves, 
* and bark, yielding dextrose (?;. also Power t-nd 
’Tutin, Pharm. J. JSOH, [iv.] 27, 714; an^ 
Vanzetti, Atti R. Acoad. Lincei, 1909, *18, ii. 
,'88). “ , K. 1. 

OLIVE OIL. Olivo oil is o^)tamed from the 
fruits of the oHye tree. Olca enro'pma {sativa), 
The olive tree is probably indigenous to Western’ 
Asia,'but ^as at an early date intr-.duced into 
all the countries bordering on the Mediterranean. 
More recently e cultivation of the olive has 
been introduced into C'ahfornia, Soulli Africa, 
and Australia. The olive ii;'*c clirives best m a 
«ub-tro|>iejil (‘Innate, and its sucoesstiil cultiva¬ 
tion ei^tends in J5uro])e as larcioiih as latitu h' 
44^”. In AHuTiea it scarcely extends l.o 
latitude 34"". Attempts have also hei'ti uuub' 
in several parts of India to cultivate tlio olive 
tree, hut altlioiigb it grows^well and ilowers, the 
fruit .seldom inaimes. 

The olives iiiUmdcd fe" oil production arc 
gatheroil just before th(‘ period of maturity, as 
the oil obtaiiK"! from the bandy ripe fruit is 
much superior in (piahty to tha,t obtained from 
fully npe or ov(*r-ripe fruits. 

Tfio proportion of oil in tlu* fruit goes on 
increasing ..to the maximum found in fruit 
which has r-'ached complete maturity; it then 
decreases sl-^wly. The npe olives contain u]i 
"'to 79 p.c. of oil. This /igiiro is, howev^er, an 
exceptional one, the fleshy part of the be.'-t 
cultivated olives containing only fiom 49 to 
bO ]).c. of oil. The Algerian olives vary in their 
proportion of oil within wide limits, from 
19'93 p.c. to 32’98 p.c. (in tin* .humnap oltvi's). 
The (Jalifornian olive.s also yitdd iniich .sniallci 
quantities of oil than the he.st eultivated 
Kuropoan varieties. 

The technical proce.sses emfiloycil for the 
|)rocliiction of olive oil a^c'still ropit'scntcd hy 
licCli the oidesf and ciudcst procc'.si's (.\< ( ])r<‘- 
paration of Oils (Fixicn) \ni) Fats) and by the 
mo.st modern imdhods adajited to large-scale 
working. 

The very’ fine.st oils are obtained from iiand- 
picked Iruits by first eiai.slnng (liern in' a mill 
without breaking. the kernels, Exeeplionully 
fine qualitu's arc prepa.( m 1 by peeling liaiHl- 
picked fruits and pressing lighf ly, after carefully 
removing the keriud.s. Tlie eriisbed marc is 
then ex]»re88(al in^f, hydra ulie press ; the oil ro 
^obtained ranks as the best edible oil —'huile 
vierqe,' ' huilc (.kjmrniu’cuil brands of 

this qualfly are ' I'roveneo Oil,' ‘ Ai,^ Oil," 

‘ Nice Oil,‘ • V’ar Oik’ The oils sold as ‘ Finest 
Tuscan Ci'bam,’ ’ l^iviera Oils ’ (CTonna). ’ Ikin 
Oils,’ may also be ranked amongst the best 
edible oilsFiiltl ‘Ugh they are distinctly lower in 
value than the oils of the South of France, an^ 
come nearer the following somewhat inferior 
quaVity. < Tins is obtained by |>(^unng some cold 
water on the marc, after tl»e jircssure in (he 
hydraulic press has been released, and pressing 
agai”. Such inferior oil is also .sold as an edible 
oil, either alone or mixed with the oil of the first 
expressitu as ‘ 8ala(i OU,' ‘ huiip Jiw',' ‘ huile (k 
faf^ ordimire* 

The pulp left in the press yields, after mixj^g 
with hot water and pressing once or twice, a 
bright oil used for lubii’cating piirpo 80 |, as 
burning oil, and for soapmaking. • ^ 

In most of^he smaller works, the kernels are 

t 


not r^oved and are crushed together with the 
fruit. In largo establishments, however, the ' 
kernels are removed and Aru^od separately, 
yielding olive kernel oil. (iSi(?(» tables Oils (Fixed) 
AND Fats.) The I'epeatedly pressed pulp 
(‘ grignons atjll contains a considerable amount 
, of oil, varying from 19 to 22 p.c. This pulp is 
beaten with hot water m special mills—mowfms 
d( rexfienc.p —ro.sembling edge-runners. The oil 
cells are thereby fiirtl.er broken U]); the ground 
ma.s.s, together with the w’ateiy i.s then nllf^wed 
to run jiitr^a series of ve.ssels, arranged in tiers,' 
where the water separates f r<;m tno oil and broken 
cellular tissues. The oil and the tissue risii to 
the siirfaei*, to ho skininied off, whilst the 
‘heavier enislied kernels fall to the bottom. 
Tlio latter a?c known as ‘‘gngnon marc hlane.' 
'I’be emulsion of oil and cellular tissue, which 
iia.s been skimmed off. known as ''ijrujiivn 
mate 'mm,' '“s heated and suhjecti'rl to a fresh 
expr\s.sion in a liydraulic pre.ss. The oil a<j 
obtained is f-ormed ‘ huilc tie rossenco,’ and the 
pressed re.sidue is known as ‘tourteau do 
ressenee.’ 'J’hi? hndv dc ut^yicnce is allowed to 
ro.st in largo tanks at a Honiev(,!iat elevat(?d 
.tomi'ei'ature, when a clear oilVqiarates on the 
toj)— ''Iniih chine dc ro^senev '—and a lower 
layer of thicker oil ‘ Olivo Oil Grease’ {pdte. de 
rcvAY/icc) settles out. 

In some estahlishments the marc, instead of 
being boiled witli waUr, is thrown into ])its 
wheretlu' pulp undergoi's a kind of fermentation, 
whereby tlie oil is set free and gradually rises to 
the to]). Oil of this Jiind is kiioAvn as ‘ hude 
d'cvjcr.' 'I'he name ‘ huiic d’enfer ’ is ajipJied 
also to oil which has set! led out from the waters 
obtained from the jiress after moisteumg and 
lioilmg the pulp, which has been stored in 
underground (ustc'rus (‘enters'). 'J’o this class 
of oil boli/iig tlie bagOj'-i.sa (bagasse) oils, which 
are obtained pnncijiaKy in Portugal from 
fermented marc. These oils oontay,! ns “much 
as 99-79 ]».(:. of free fatty acids, 

‘ Touinant oil’ ’is a CMiimeivial product of 
the quality of the ‘ huiie.s d'enfiT,’ obtained from 
the fermented marc of oxpres.se(l olives; it 
contains a considerable quantity (up to 29 p.c.) 
of free fatty acids, and therefore for^jja a very 
..cohijileie emulsion (which coiistituU.s its value) 
with a solution of sodium carbonate, yuch 
1’urkey-rod oil was first employed for this 
purpose by IIaus.smaMi, 1792, and then re¬ 
commended by Koechiin Freres. 

^ 'rhu.cuk4: 1 ’cmaining after the removal of the 
huile de resi^emc, termed ‘tourteau dc ressence,’ 
or ‘ saiiza,’ is finally deprived of its lastjcontent 
cf by, extracting wi^ solvents, sometimes 
’ a’l'tor a preliminary drying. The solvent usually 
I erap‘ioyod in France and Italy is carbon di- 
! sulphide. Hence,Hhese oils are tenned ‘ sulpho- 
earbon oils,’ J sulfihur olive oils.’ They have a 
deep grebn colour, due to tha chlorophyll which 
has been extracted by the sedvent, and contain 
tbo‘more solid p^rti^ui of olive oil which has 
r^Viained beliind in the Ip. These oils contain 
largo jiroportiona of free fatty • acids as also 
notable amounts of factoneS. 

They differ from expressed oils in having a 
higher sp.gr., liiwer iodine value (77*5-80’2), a 
high acetyl value, and lower solidification point 
of the fatty acids {e.g^ 17'5-19’7). Such ex¬ 
tracted oils not infrequently contafii traces of 




703 


carbon disulphide and of free sulphur. > They 
may be recognised by the method sug^e^ed by 
MiJiiau of detelftin^th^ carbon disulphide. For 
this purpose a mixture of 60 grins, of the oil, 
with 10 c.c. of amyl alcohol isdistilled, the first 
6 c.c. of the distillate collected^ a?id 4 c.c. of 
this distillate mixed with 1 c.c. of cotton-seed 
oil and a few mgs. of sulphur, and heated 
in a sealed tube for an hour. The test is thus 
the convene of Halphen^ test for cotton-seed 
oil (q.v.). 

. 'For the phy^cal and chemical cli/^actenatics, 

tables Oils (FiyED) and Fats. 

Some I'unisian olivo oils aro ho rich in 
glycerides of solid fatty acids that they deposit. 

‘ stearino ’ on standing. Hence tViey arc unsuit-^ 
able for table oils. 'J'hevefore.^sivfl I'unisian oils 
must be ‘ dcinargarinated ’ (.v#f Oils (FtXKD) 
AND Fats). 

The (s.vtracted cake jh sold as iranurc. 'I'hc 
press residues which h.avo yielficd sujienor J^inds 
of olive oil, would be aiutablc for feeding catth* ; 
hut as the oil, which can be ea.sily recovered 
by exti-action—about JO ]».c. ot the residues 
—i.s too v«|juil)le, olive eukes are only used 
iocali}’^ and to ai^inconsiderabJo extent ns #attl% 
food. 

Olive oil typifies eminently a non-drying ml. 
On nccount of its conijwratively high juice, it 
is adulterated to an eiiojuious extent. How 
far the blending ol various olive oils of (lifferciit 
qualities should be consHlercd as an adulU'ialion 
must he decided in each given case. Un¬ 
doubtedly the ‘ lincsl Nice oil,’ which has bcmi 
jirojiared by Mending a genuine Nice oil vith 
'J’umsian oils or otiior olive oils, must be con¬ 
sidered as of inferior quality. At present, olive 
oil IS most frequently adulterated with tea-seed 
oil, as the detection of this oil oflcr.s greater 
(lifliculties to the analy^ than thos(4oils wlm li 
wiTe jn’cviously used a much greater extent, 
VIZ. arach^ oil, ootton-.seed oil, se-sarne oil {rajic 
oil). The adulteration uith hydrocarbons has 
practically ceased for^^li^ HintJiJo reason that tliey 
are too easily detected, hut during the penod 
of the war substitutes for olive oil composed 
entirely of purifietl jietioleum oil were oxten- ' 
siyeiysi^. J. L. 

OLIV^NITE. A basic copper arseifati* 
(.'u 3 (As()j)^,'Cu( 01 J)^ crystallised in tin* oftho- 
rhombic system. It forms snuiW crystals of 
prismatic habit; or tnorc usually globular 
ablegates of* radiating needles, sometimes ho 
fine that the material has a velvet^ajq^jjarancCj 
The characteristic olive-grcen ci4our (hence the 
name)^ange8 from y dark shade in the crystals 
to pale or almost w^te in the finely fiiiroi* 
masses; the latter variety is buown as wo<1d- 
copper. Sp.gr. 4’l-4‘2. It was formerly ffmnd 
is some abundance in the upjfcr workings of the 
copper mines near St. JDay in Cornwall, and also 
in the Tintio district 4n Utah. Jii Oilrnwall it 
has resulted from the alteration of copper- 
pyrites andjinispickel, wl^lo isiVlah the mrtther^ 
mineral wa^ enargite^iCHigAsSi). The arscj^c 
is sometimes • partly Teplaced by phosphorus, 
forming a passage the isSmorphous and very 
similar mineral IMhenite (Cu 3 (V 04 )a’Cu( 0 Jl) 2 ) 
originally found at Libethen in^Hunga^. ^ 

OLIVERS BARK,„ The dried bark of 
Cinnatnontfk OUvfri (Bailey). 


An abundant robk-forming, 
mkieral consisting of’magnesium orthosilicatw 
^with variable amounts ferrous orthosilicati 
(Mg,Fe) 2 Si 04 , crystallised in the othorhombic 
system. Th6 member at the magneSium ei>d 
of tlin isomorpfrous seifes is known as foraterite 
VMgjSiOi), and Ihtft at the ii:pn end is called 
rfayolite (Fe 2 Si 04 ). The latter is a common 
constilucii^ of crystalline iron slags. ^ UisTinctly 
formed crystals of olivine are of rare occurrence ; 
granular masses are more com'^/ion. The colour 
ranges from pale yellowish-green to brown, 
depending on thji amount of iron present. 
The mineral ih docoiuposed by hot hydrochloric 
yynl with sepajation* of gelatinous s^ca. It 
occurs in many ba.sic and ultrif-basic rocks of 
igneous origin (basalt, gabbro, jieridotite, etc.), 
and it IS an iinjiortant constituent of stony 
mctoonics. J)ej»'>8its ol diamond, platinum, 
(dironiito, and mekel-orcH ar» usually associated 
with ohvinc-rocks, .and by tlio weathering of 
the.se ro(“ks, scrpciitiiio and associated deposits 
of .scipcntiric-aehestos (chrys*>tilo), steatite, 
inagm'.siU‘, and meerschaum are formed. The 
only direct jiractieal apjilication of olivine is as 
a gemstone; the clear, transparent stones are 
yellowish-grecn {dmjbohte) or nob•olive-grecn 
[pcridol) in colour. Sjj.gr. 3'3-3'37, H FcO 
about 0 pc for geni-van(“tie.s. Sach material 
comes mainly irom the island of St. John iif* 
th(i Red Sea, and it i.s ako collected from ant- 
lulls III Arizona and New Mexico. L. J. S. 

OMEIRE. A drink resembling koumiss, pre¬ 
pared by the natives in South-West Africa by 
lilling gourd bottles, w’hich contain some fer¬ 
mented milk, with milk, shaking well and allow”^- 
ing to stand. It is a thick, scmi-cougulatod 
liquid, ]H).sse*ssing a jilcasant wijie-Jike smell, 
and a sliglitly sour taste; it contains a little 
alcohol (Arch. Phaftn. 1887, 744). 

OMNOPQlfl. Trade name for a niixtur#of 
the soluble hydrochlorides of ojuunuilkaloids. 

OMOROL V . Synth LTio Drugs. 

ONION SKINS. Tho outer dry skins of the 
bulb of tlie onion, AlUuin. repa fLinn.), were 
forniolly cmjiloyed for dyeing purposes. Ac- 
cortliiig to l^cuchs (Farbeiv und Farhekimde, 
1826, 1, 431), ‘the oliter skins of onion bulbs 
which are of a brownish-orange colour have 
long been us(*d in (fermany for dyeing Easter 
qggs yellow, and in conjun»^on with alum for 
dyeing woollen, linen, and cotton materials.^ 
The colour is fast and particularly brilliant. 
From* Kurrer’s observations onion* skins are 
very suitable foi‘ dyeing cotton, oif which they 
give a cinnanion-hrowm witlj acetate M alumina, 
a fawn with alumina and iron, a grey with iron 
.salts, and a variety ol 8hades</vitD other ad- 
Tlitions.’ 

'rhe colouring matter was extracted by boiling 
the skins with ^stilled water for one kour,^and 
tile yellow extraction keeping gradually deposited 
the impure dye as a pale olive precipitate. The 
average yield was 1'3 p.c. This was extcacted 
with alcohol, the concentrated extract treated 
with ether and the ethereal solutioM* washed, 
until a tarry precipitate no longer separ^ed. 
On extracting the ethereal solution with dilut-o 
aftcali the whole of the colouring matter was 
removed, and on neq^iralising the alkaline liquid 
^ ;^Alow ^irecipitate was thrown down, wmch 
was purified by orystallisatiod from ^ute 


ONION SIJINS. 

OLIVINE. 



ONKJN SKINS. 


1 u ot 1 ( 40 “ I Mexica, and Arizona. (See G. P. Merrill, The 
.alcohol. \ 


ttiwiuu. 

\l91°, anti Lneie uuum uv ——- - - I 

Identity of this colouffcg matter wdh 
(Perkin and HummeT, Chem. boo. Trans. l«9fi, 
(» 1293). Attempts t(» isolate a querectm 

elucoside from onion skins hav» hitherto<failed, 
and it seems that such a etimpound is absent, 
at leasj in the outer dry material. A. tr. i. 

ONOFRJTE. Sulphide and selenWe of incr 
cury Hk(S,Sc), containiiiR So 4-(i-8-4 p.e. It 
is found only /T.assive, but is probably iso. 
raorphous with the cubic minerals metaemmi 
barite (HrS) and ticmannVe'(HgSe). Mack 
irraniilar material has been found at. San Oiiotre 
in Mexyio, Tilkerode in the 11 "'^ Marysva e -i 
Utah, the Black Hills in South Dakota, and the 
Wan-shan-chang mercury iniiies in prov. Kwei- 
ehoii, (Jentral riiiiia. 

ONONIS ROOT. Contains a elucoaide 
onomn fi . sHjeO ,,,' formiiiK colourless needles, 
mp 2KI“, decomposed by dilute acids into 
dextroseaiidoiKmrtm (v. Hemmelniayr, Moiiat.Hh. 
1902, 133; 19()i, 132) 


Onyx-Maroies; t-uen . 

Uses, both Ancient and Mo(l»rn,*iRcp. U.S. Nat. 
Mils for 1893, 1896, 639; G. P- Merrill, Stones 
t Si ilceoration. 3rd edit New 

” OOLITE (fftim ior, egg, and \!«os, stone) or 
Eoe-atom (Ger. /(ogensletti). Material 
oolitic structure consists of an aggregate of 
small (usually less .than 1 mm. diameter) 
spheroidal grains, which may be loose or more 
.jften cenujited togetficr by tfce same kinO of. 
substance of which the grjimf themselyes are 
composed. The grains are usuaUy built up ol 
concentric layers around a central nucleus of 
foreign iiiatcrial; but sometimes they show an 
internal radiating crystalline structure, btich 
an oolitic stnieturc is met with in a variety ot 
iiinicralB and rocks, but more particularly in 
hmestoiie ; and tor this reason the term 

oolite is often limited to an oolitic limestone. 
By geologists it is aiijilicil, not only to such 
hi!ie.stoi:es. bill also to the whole senes of beds 


tinie.Sl(int‘rf, uul . ' - . . 

02 , 133; 1903, 13::). | f.irmin.? tlie u])i>t*r part, above the Lia», of the 

nNnSMA ECHOIDES. cchovhfi is a [ juTansie syatein, it t)eing here tlia^.oolitic lime- 

biennial plant frequent throughout the Western Utones are typically developed, examples ar - 

buiinia plant ir Kumaoii. It is rti,,. well-known building stones (freestones) sue 
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Himalaya from Kashmir to Kumaon. It 
widely distributed from Siberia and L.aibiit to 
France (Watt’s Dictionary of Kcoiioinio I ro- 
■ liiets of India, 1891, 6, 487). The roots are 
violet coloured and yield a dye wliicb is readily 
extracted by alcohol, giving a red solution, Init 
this is very sparingly soluble in water. n 
various districts of India it is emp oyed loi dy e ¬ 
ing wool, and on account of its solubiblv in oils 
and fats, to which it iiniiarts a red colour, is also 
used as a substitute for alkanct. According to 
Watt (l.c.) the bruised root is eiiijiloyed medicin¬ 
ally as also arc the leaves and flowers of this 

^''^The general properties and colour reactions 
of the dye pre.sent ip the root are very “imuii-^ 
those given by alkaiiet, and there can be littli 
doubt that it contains eit.her the same or closely 
allied colouring matters. -4- D. i. 

ONYX. A variety of chalcedonie silica 
differing from agatp only in the straightness and 
parallelism of its ihfletently-coloured layers, 
and so suitable for engraving as cameos 'Ihe 
alternate bands of colour are usually white and 
black, or white ani,l red; in sardonyx they an 
white and brown. Most of the onyx wiCn 
■intense differences in colour, as now placed on 
the markfft, has been coloured artihciuUy by 
chemical means (u. Ag.vte). D- ' • i- • 

0NYX-2KABBLK, Algerian onyx, Mexican 
onyx or ‘Oriental alabaster (also called 
‘ onyx' iirt anient times and in the marble 
trade of the present day). A banded, trans¬ 
lucent variety of fibrous or granular cal ite, or 
maAle, rusceptible of a fine pi^sb, and inueh 
used both in ancient and medern times, as an 
Ilraamrtal stone. The coloration which is 
distrtbuted in bands or cloudy patches, is due 
to the presence of ferrous carbonate and ferlm 
hydroxides, and to a less degree of 
oxvdes and organic matter. For example, a 
green marble from Anzona contained 4 27 P-c. 
l-WO,. and in its brow^kh-rod (ox.istt) 

portions 1-22 p. 0 . PeCO, yith 3-63 

The percentage of calcium carbonate r*roly 

below 90. Ortyx-marble is quarned in .Algina, 


stones are rypiim.j ... .. ..-r-. ■ 
the well-known liuilding stones freestones) sue 
as the Hath oolite and the I'ortland oolite. -All 
limestones of the oolitic period do not, how¬ 
ever, necessarily show an oolitic structure. J he 
Oolitic strata also include clays (c-g. the Oxford 
clay), whilst in Yorkshire they are represented 
niamly by sandstones and shales. Oolitic 
limestones are, further, not eonhned to this 
system, but are met with in seihmentary strata 
of all geological periods, r..g. lii tlic (.arbolllferous 
Limestone of the Bristol district. At the present 
time they are forming in the lagoons of coral 
islands, and an oolitic calcareous sand is nmim 
on the shercs of the fireat Salt Lake in Utah. 
The calcareous materiitlpif the oolitic grains in 
limestones consists of the mineral ealcite.. Jn a 
few mstanoBs, however, it is aragonite, as in the 
material (Sprudelstein);n«w bring >? 

the hot springs at Carlsbad in Bohemia. Other 
minerals which sometimes exhibit on oohtie 
structure are: quartz, c.p. from Center Co, 
Pennsylvania; colourleas opal (hyalite) deposited 
vbrt the hot springs of Tateyama, ^dapan (Jv. 
jLbo, Bertrage Min. Japan, 1906, 1, 11): and 
varibuN iron-nres. Amongst the last-named are 
the carbonate chalybit«,(e.p. the iron-ores of the 
/.I_ in Vorkfiliirck the oxides 


Cleveland district in Yorkshire), the oxides 
h®matit,e tf,g. the Clinton ores of the United 
I'Stntes) and magnetite [e.g. at Rosedale 
land), the hydroxide limonite {e.g. the mtiettes 
nf liurraiuc), and the hydrated silicates chamosite 
froin Chamosen in VSlUs, bejthierme from 
HaJangc in Lorraine, bavalite from Brittany, 
greenalite from aMesabi in Minnesota, and 
glauconite. In some of these cases the oqhtio 
8 tructuro.no'doubt reprerents that of the lime¬ 
stones which have been replacfcd metasomatically 

by trie iron-ore.' p , 

♦, A structure of the same kind as oolitic strac- 
ture, but in which the ^lains arq larger (about 
the size of a pea) is knot.n as piaqhtio. The 
name puoUte (from rices, peas, and M9es, stone), 
or pea-done (Ger. Erbsenstein), is appbed to 
certain limestones, and also to tiie globular 
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aragonite from Carlkbad in Bohemia 


X. Ja S. 
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OOPHORIH V. Stnthetio dkttgs. > i districts in northern New South Wales. The 
OPAL. Colloidal silica, occurring native in Queensland opal occur* in cracks in nodules of 
botryoidal and*etal*otdtic forms, or as irregular jaepery brown iron-ore, aiid is remarkable for it|f 
masses aooupying cracks and cavities in certain prilliaht blue and green colours; that of White 
rooks. It is softer and less dease than quartz; Cliffs, discovered in d889, occurs in*a whit^ 
its hardness being only SJ to 6 J, while its ' sandstane of Cretaceous age. Opals are usually 


its hardness being only 6^ to Of, wniie iis ’ sanoswne oi ijreaaoeous age. upais are usuiiujr 
sp.gr. varies with the impurities present from [kut en cabochon, i.e.’with a coi^vex surface, but 
1'9 to 2-3, and for the purer forms 2'l-2-2. i^he Queensland stone, occurring in thin layers, 
Being non-crystaltine it should exhibit single ' lends itself to cameo-work, the brown ferru- 
refraotion, but many varieties, especially of , ginous matrix forming an effective background, 
noble opal, are strongly hirefringent; the 1 ‘ Black opal,’ enclosing patches of manganese 

* ’ ' ing^probablja due to jthe strain j oxide and exhibiting a brilUant play of colours, 

unSiual contraction m different I has recently bean hmnd at Lightning Kidge in 
solidification of the ; northern New South Wales. 
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gelatinous mass. Opaline silica is nearly always ) » in auuiuuu #u 
hvdrated. but the proportion of water varies^ mentioned above, there are 
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from about 2*5 to upwards nO p.o 
substance is almost wholly soluble in 
solution of potassium hydroxide.* 

The purest opal, known as hjaUte or water- 
opal, occurs as colourless, transparent m^ses, 
resembling glass. Semi-opal is a name applied 
to the dull, opaque varieties, generally more or 
less impure. Menilite or liver-opal is a brown 
opaque min6l|al, occurring as nodules in tlie ler- 
tiary strata of #10 Pans basin, esiieciall^ atJ 
Morulmontant. Wood-opal is simply wood 
fossilised with opaline silica, and retaining the 
ligneous structure, which produces a pleasing 
ouect when the substance is cut and polished; 
hence it is used in slabs as an ornamental stone. 
Uydrophatie is an opal, which when dry is 
Opaque and dead white, but absorbs water 
rapi^y when moistened, becoming transparent 
and sometimes exhibiting a play of colours. A 
fine variety found in Colorado has been brought 
into use under the name of ‘magic stone. 
Common opal is a general term for any opal 
which does not display sufficient colour to 
recommend its emplovment for flecorative 
purposes. According its appearance it often 
receives trimal names, such as milk-opal^ wax- 
opal &o. Fire-opal, found chiefly in Mexico, 
exhibits a briUiant hy*olhthi*6 or orange colour, 
which renders it of some value in jewellery. But 
the finest variety is the precious or noMe opal, 
a substance which is unique in exhibiting by 
reflected light a vivid play of iridescent colours. 
The oausqaf this phenomenon has been studfed, 
by Brewster, Crookea, Behrens, Lord Raylflgh, 
and others. By most authorities.it has been 
referred to the presence Of numorous^iicroscopio 
pofes, fissures,' or striie in the interior of the , 
stone; but Behrens considers it dueflw tlm inter-J 
position of thin lamelto of opalinejiiatter having i 
a diffsAnt index of refraction from that of the 
matrix (Sitz.-Ber. AM. Wiss. Wien, M#th.. 
naturw. Cl. 1871, 61. 519). H the coloursjir#- 
oeed from distinct patches, like a brilUant mdSaic, 
the stone is termed in trsste harlequm opal. 
Precious opal is a mineral of verv limited ^s- 
tribution. The oldest, mines are Thos. on the 
DubnikrHill, neaf the village of Czerwenitza 
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friable forms of ojiaUne silica represented by 
sillcious sinter or geyserito (q.v.) {deposited by 
the hot springs of Iceland, New Zealand, and the 
Yellowstone Park m*Wyomimg) and by diatom- 
aceous earth or diaiomito (consisting of 

the silicious skeletons of diatoms and radiolaria) 

. L. J.S. 

OPHICALCITE V. Marble. 

OPHIOTOXIN V. Snake venom. 

OPIANIC ACIDS {dimelhoxy-o-aldehydrohen- 
zoic ncidii). Three isomerides are kgiown:— 

co*a 

Meb./^.CHO- 
Mcol ) 


Opianic acid (m.p 
from narcotine— 


160^) 




CHO 

121°) 

MoO 



MeO\/ 

185°) 

MeOl 

■^CHO 


Meo' 

.^C0,H 


T X-. 

from berbenuo 


from cryptopine * 

m-Opianio acid has been synthetically pre¬ 
pared from 4; 6-dimethoxyphthalonio acid (1) 
by boiUng with a solution of sodium hydrogen 
sulphite, or (2) by digesting aniUno-m-opianio 
acid wflh dilute hydrochloric acid (Fargher and 
W. H. Perkin, (Ihein. Soc. Trans. 1921, J19,1724). 

OPIATJRIN. OniaWc acid and phenol, when 
Iieatod together with strong sulphuric acid, give 
rise to an intense yellow-red dye. The reaction 
tnkes place between the ald.flyde group of the 
acid and the phenol • . 

C.H.(QCH3)(C02H)(CH0)-f2C,H,-0a 

•=H30-PC.H3(OCH.)3-(003H)'CQ(C.H.OH)3 

This compound leucopiaurin^ is oxidised during 
the process to opiaurin CjjHijO,. The beet 
results are obtained by stirriM a» intimate 
ftixtnre of opianic acid and phenM into sulphuric 
acid ((K)''B6.), and keeping the mixture well 
cooled. After ^4 hours it is thrown inft) a 
large quantity ofl cold water, and the pre- 
oinitafe, when washed and dried, freed from 


Diibnik-HiU. neaf the viUage ot uzerweniwa oipitavc, 


of-opal,’ enclosing brilliant Articles of the gem, 
are polished as oftiamental stones. Opal is 
alsoIoundatGracias-i-Dios. in.^ndnras; at 
Queretaro, in Mexico; near the Barcoo river, 
and several other spots in fouthera and central 
Queensland^ and at White Chffs and ^ther 
VoL. IV.—T. 


petroleum. It can only be obtained in 
amorphous condition. It dissolves in alkalis 
with a purple colour; the solution in alcohoUo 
araponia becomes br^wnish-yeUow ftn heating, 
btt tfie purple colour returns on cooling. 

Sulphurous acid does not reduae it. Opianic 

2 z 
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, acid reacts \n a similar way with other phenols, 
v^nd the reaction can he used to detect tihe 
i.,resonce of opianio agirJ, as also of an aldehyde, 
group in aromatic compounds; the reagerfts are 
separately dissolved in an excess of cold sulphuric 
acid; on mixing the solutions thrcoloratior. takes 
place at once (C. Lieberinanrf and P. Seidler, Ber, / 
20, 8711; J. Soc. Chem. Ind. 6, 541). '• 

0PIU»^ 

Origin ,—Opium is the milky juice of the 
unripe capsules -'f Papaver smnniferurn (Linn.) 
or opium popjiy, obtained by incision and in¬ 
spissated by spontaneous evaporcition. The plant 
(v. Bentl. a. Trim. 18) is perhaps indigenous 
to Asia Minor and nei^hbounng districts ff 
South-Eastern'‘Europe and Western Asia; but 
it is now cultivated more or loss throughout all 
temperate and sub-tropical countries. It ex¬ 
hibits, however, morphological differences. The 
two most important varieties which, according 
to Boissier, are cultivated fn* the production of 
opium, are glahrum, with subglobular capsules 
and ton to twelve stigmata, and album, w’lth 
egg-shaped capsules and without apertures 
{Flora Orientalis, 1807, 1, 116). The former is 
grown in Asia Minor and Egypt, and the latter 
in Persia and ladia. But besides these varieties 
there,.are minor distinctions, the petals in the 
same variety> differ in colour, and may be white, 
red, or violet, with a dark-purplish spot at the 
base in most cases. »The seeds are white or 
dark-coloured, and contain from a third to half 
of their weight of lixed oil. 'I'hc capsules are 
provided with a lacticiferous system from which 
the juice exudes when they are incised. This 
milky juice is present in the plant in ail countries 
where it has betm grown, and opium may be 
ooUocted provided that the rainfall is not too 
great and the temperature neither arctic nor 
entirely tropical. That its ‘production is con- 
linid for the most part to Asia AS" nor, Eersia, 
India, and*-China, is determined by other con¬ 
siderations such as the value of land and the 
cost of labour. 

Hmtorg .—^'The drug was known early in the 
third century u.o. to Theophrastus. Scr/oonius 
Largus, in the first century a.d., describes the 
method of preparing it and remarks that it 
should only be made from the capsules ; for, as 
Diosoorides, writing a little later, points out, two 
sorts of opium wer^v in use at that period. Onv 
pf these, the opium proper, was prepared from 
the capsules, and the other, ‘ meconium,’ was 
extracted from the entire plant by means of a 
solvent. Siiiiilar accounts may be found in the 
works of Pliny and other Latin writers. The 
opium of the classical period, and indeed the 
only variety- kn.:.wn till tno twelfth century, was 
exclusively that of Asia Minor. The nations ol 
the East appear to have learned of opium from 
the Arabians, and it seems probo^ile that the use 
of the drug was favoured by the Mahoipedan 
rohibition of alcohol. They are supposed to 
ave Introduced the drug into China in the nitij-h 
century. Egyptian opium, ‘ Opium Thebaia- 
oum,’ is‘mentioned by 8imon Januensis abouii 
the^ond of the thirteenth century. At this time, 
and three centuries later, according to Prospier 
Alpinus, meconium wa^ still prepared in the 
Thebaid in Upper Egypt. „ , . 

In India oiiium was collected eaUy iiii^he 
sixteenth centfiry, Barbosa describes a vanety 


produijpd in Cambay. Pyres, the first European 
ambassador to China, writing in 1516, mentions 
three varieties of opium^ oh^ihed respectively 
from Egypt, Cambay, and from the kingdom of 
Cods. The last-mentioned district is Kus Behir, 
south-west of Bhutan in Bengal. Garcia d’Orta, 
a little later, remarks that Cambay opium is 
chiefly derived from Malwa.. The opium pro¬ 
duction was a State monopoly m India under the 
Moguls, and after thewrictory of Clive at Plassy 
in 1757 the monopoly passed into the hands of 
the East Jdidia Company. T|cie manufacture • 
then greatly increased, andait has gone-on in-r 
creasing until Muthin the last few years. It was 
during the seyenteenth centuiy that the first 
accounts reached us of the production of opium 
in Persia. Kaimpfer found tliat the ‘ theriaka,’ 
which had long been held in high esteem by 
neighbouring iitliions, was made b^y mixing the 
linoi' sorts of opium with spices. 

T^c Chinese obtained their opium from India. 
Until the beginning of the eighteenth century it 
forme<i part of the return cargo of their junks. 
The importation was then small, and it was used 
almost exclusively in medicine as oi remedy for 
PjlyscMttery. The imports did liot reach 1,000 
chests (Malwa chests contain one pecul, or 
133^ lbs., Patna chests 160 lbs.) until 1767, when 
the trade was mostly in the hands of the Portu¬ 
guese. In 1700, under the East India Company, 
it had beeonio 4054 chests. It was at this time 
that the habit of smoking began to spread in 
China. To pnunote tlio trade the East India 
Company established an opiuo} depAt of two 
shijis, W'hieli lay off the island of Macao, at the 
entrance to tlio (Janton river. The importation 
went oil incfoasing, notwithstanding that it w'as 
forbidden by the Oliineso Government in 1796, 
and that an edict was issued in 1820 prohibiting 
opium-ladui ships from.eutering the river. The 
trade, which between 1820 and 1830 had risen 
to 17,000 cheats annually, then assumed a con¬ 
traband character. Complaints, however, con¬ 
tinued, and when in 1830 it was decided to 
enforce the law, this, together with other diffi¬ 
culties, led to a war with England which termi¬ 
nated in tlie treaty of Nankmg in 1842. By this 
treaty five ports were opened to foreign trade, 
•.and ihe island of Hong Kong was coded to the 
British (ioverament. The export of opium 
from India iirvo China, which m 1870 amounted 
to 65,000 o’.ests, inevessed to 96,000 chests m 
1880. Owing to Chinese “home produotifti, 
iiowevfv, tin? importation of Indian opiuift then 
began to decrease until in 1890 it fell to 70,000 
chests and in 1907 to 60,000. Rece^y; an 
important movement haajirisen in Chins’to put 
a stop to opiuDT smoking throughout the Empire, 
and 10 this end gradually to terminate both the 
home production di^the ^ug and its importation 
from India. ,With regard to the Indian impor¬ 
tation, the wish of China has been met by 
the Government of this country, and not¬ 
withstanding thO' serious loss which it entails 
tol^he revenue of India, which in 1880 amounted 
to R8.8,600,000, and to the Indian poppy cul¬ 
tivators, the British Goveriiment, reciprocating 
the views expressed by the Chinese, entered into 
an agreement,'Uie effect of which has been that 
the Indian exportation to China came to an 
end in 1913. , 

Nymerous attempts bad been made durmgr 
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the seveateenth aad eighteeath centurieB to 
areparo active condensed extractives f ronropium, 
out no conatiftien^of^a definite nature was dis¬ 
covered until the beginning of the present 
century. JDer(.>8ne in 1803 n(dieed a separation 
of crystals on diluting an aqueoife extract of 
opium (Ann. Chim. [i.] 4f5! 267). I'heir' 
basic character was demonstrated by Robiquet 
in 1817 [ibid, [ii.j 6, 276), and the compound is 
now called mircoiiric, 4)erosne noticed that 
opium solutions are precipitated by alkalis, but 
th^ght that trt precipitate was thji same coin- 
ipoun(4whioh he ha^l previously isolated. Seguin 
in 1814 described what was probably the chief 
active constituent of opium [ihid. [i.] 92, 226), 
but to isolate in a definite fi^rm and mak« 
known the basic properties of if^<9l‘pla»e was re¬ 
served for Soturner, an ajiolliticary of Kirnbeck 
in Hanover, whose M’ork t‘xteufl%d fnnn 1806 to 
1810. During the same inquiry,^n 1800, He- 
tvirner also bnmght to light wfcotuc a<’?f^with 
which the morphine is combined. Morphine was 
the (irst compound known belonging to the class 
<A vegetable bases, which has since become so 
important ;t^or although narcotino was isolated 
just before, ics jKlojicrties as an alkaloid weje not 
ascertained until afUirwaids. Further histoncai 
and other details will be found in the article on 
opium in ‘ Pharmacographiu ’ (Fiuek. a. Hanb, 
272). from which many of the facts given have 
been obtained. 

Pmlni'Uon. —.'I-sm Minor. —Ojuum is collected 
in Asia Minor for the most part by small 
peasant propnetors, the largest quantity being 
obtained in those countries lying to the west, 
and having Smyrna and (Jonstantmople for 
their ports of shipment. The product of these 
countries is the Turkey opium of English com¬ 
merce, and of all available varieties it is the 
richest m morphine. 7'he poppy* grown is 
the variety glahrum Boissier. ^ The flowers 
are purplmh or sometimes white, and the 
seeds VIuto to deep violet. The plant grows 
in elevated as weli^a% lower situations, and 
requires a moist soil and much attention and 
skill on the part of the cultivator. Details 
of the mode of fireparing the soil and manage- 
nmnt of the crop are given by Maltass (Pharm. J. 
p.] 14, ^5^ and Heffler {ibid, [ii.] 10, 434), 
in the omcial directi#ns drawn up by the Tutkish 
.Government for the ])romotion •f the c^ium I 
culture in Macedonia {tkid. [iii.] 1%918). The I 
citip is sometimes destroyed by early frosts, I 
drought, or the attack of locusts. ^llTh^ seed is 
sown from November to March, ^nd the flower* 
ing ta^ place from May to^JuIy. In this way 
Bueces^e crops ol ^sules’ bocome^reac^ ftr 
incision during a perioa of abou^< three months, 
and a saving in the cost of labour is effected.* 

In the course of a few days, after the petals 
have fallen, when the capsules are some inches i 
in diameter, they are#ready for ificisMin. This 
is done transverserj? around the middle by means 
of a knife. ^The operation ia^fie requiring«kiU, 
for if the incision b^nof deep enough an Ih-* 
complete flow juide results, and it it be too 
deep some of the jufte is Idt inside the capsule. 
The incisions are nSade in the afternoon, jind the 
exuded and partly hardened juice is collected 
the following morning. It is scraped off and 
placed on a poppy leaj, *Ma8seB of hardened 
.juice thus Obtained are aJlowqd to stond^n the 


shade to dry still furttier, and are then made 
inj&o lumps of varyingisize and sold to dealers iti 
the towns. By these tfif opium is manipulat'^ 

' into cakes suitabk* for tW market, ^veloped in 
poppy loaves and packed in bags, i»to which 
■Rum<ix fruits %re thrown to prevent the eaxe 
adhering together.* The bags are then sealed 
iand transmitted to Smyrna anti Constantinople, 
where thc^ are opened ii^ presence of thd seller, 
the buyer, and a public examiner. TTie exammer 
scrutinises the drug piece by^piecc, and by its 
physical characters tlassifies it as (1) prime, (2) 
current, and chiginH. The ‘current’ con¬ 
stitutes the great l^dk of mercantile opium. An 
i^nportant addition l« the profits of the opium 
culture IS the sale of popjiy seedf from \fhich the 
oil is expressed and used for a variety of pur¬ 
poses. It is a bland, limpid, drying oil, of a pale 
colour (Maltass; IJelfler; Seliorzer, Fharm. .1. 
[iii.l II, 836). . • , 

Turkey ojmiin, it ajipoars in English com- 
nieice, consists of rounded masses, generally 
from k to 2 lbs. in m eight but sometimes larger 
or smaller. Externally it is covered with poppy 
leaves and Jlumex ‘ohafi.’ It has a bitter 
taste, and ])e( uliar, though not alttjgether dis¬ 
agreeable, odour. The iollowing arg among the 
more important districts, the prodiicts of which 
eomo to (’onstantinojile: Boga^itz; ^ara- 
hissar-Salnb; Kuteiiaya; Balukhissar; Kurkcr 
gatseli; Ismid or (rliove, the jirodiict of Geiveh ; 
Beybazar; Angora; Malatia; and Tokat. In 
addition to these the Constantmojflo market 
receives the opium of Macedonia and, until 
recently at least, small supphes from Bulgaria. 
The cultivation of opium in Maoedoma com¬ 
menced in 1866 from seeds brought Irom Kara- 
hissar. In 1882 the districts of Kotehava, 
Straumnitza, and Tikvish expoi-ted 135,000 lbs. 
by way of JSalouica, whence it is termed collec¬ 
tively ISalo^ica opium. The opium districti in 
Bulgaria are Kusteiulil, Lowtscha, ^nd Hiuitz. 
Tlie produce is mostly consumed by local 
pharmacy ; hut, while the country remained 
under Turkish dominion, any surplus found its 
way ttt’onstantinoplo. 

The market at Smyrna rgceives the products 
of Ahum Karahissan Ushak, Akhissar, Taii- 
shauh, Isbarta, Koniych, Bulladan, Hamid, 
Magnesia, and that collected m the neighbour¬ 
hood which IS known as Yeiji. 

In the English raarlA*t,* Turkey opiujji is 
divided into three classes, known as ‘ shipping,^ 
‘druggists’,’ and ‘manufacturing’ fpium. As 
slapping opium are classed those varieties which 
contain the least proportion msolubfc in water, 
and which yield the greatest quantity of extract 
adapted for smoking. These aj« tbs opiums of 
f^alatia, Tokat, Salonica, Balmchissar, Kurka- 
gatsch, Bokaditz, and ‘ prime ’ Angora and 
j Yerli. This o^|ium is exported to Ch^a, feru, * 
I the West Indies* British Guiana, Brazil, and 
for reshipmeiit, to the United States. Drug- 
\ gists' opium is selected for a high perqijptage 
of morphine and includes the varieties wUch 
fre used in medicine. It has a fiiHier con¬ 
sistence and a darker colour than the others. 
In England the products generally chosen lire : 
Bbybazar, Yerli, Karahissar, including Adet, 
Ajpasia, Akhissar, aj;id ‘ current ’ Smyrna and 
An^ra; rfor America, Ushak, Yerli, and Kara- 
hissar; and for the Continent, Gli6ve. All these 
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varieties hate been used ior the preparation of | 
Wlkaloids, the deciding rfactor being marl^t | 
\rice. 9 i 

Good Xjirkoy opftim oontams, when* dry, i 
iV)ward8 ^)f 12 p.c. of inqiri)hine. Jf less than , 
10 p.c. is found in a speciin^Jii adultyation; 
may be -suspected. The following are typical | 
results obtained In recent years by the method? 
of asaafy official in the British PhatmacopcEia: 1 
Malatia 11*0-11*76 p.c., Tokat Il*5-13*4 p.c., | 
Hadji Koni 11*5 ^i.c., Druggists’ 11*0-12*G p.c.,' 
Marmora 10*3 p.c., Tikviah 13*4 p.c., Kumanova 
13*4 p.c., Keuj»rulu 14‘3 p.c., l^htib 13*4 p.c., 
Straumnitza 13*1 p.c.—all in the normal moist 
condition; the moisture varied ^om 25 to 35 p.y. 
The opiifm U8ed*in medicine in the Britisli Hm}iiro 
is required when lined to contain not less than 
0*5 nor more than 10-6 }).c. of aiiiiyihoiis 
morphine, unless used as a source of Tincture 
or Extract of ()])iui», wdien I'l may contain, after 
drying, not less than 7*5}<.c. Ehanii. 1014), 
while the ofHcjal requirement in tlie United {States 
of Amiu’ica is that' the opium in its normal, moist 
condition, should yield not less than 0*6 }».c. of 
anhydrous morphine, but ‘opium granulation’ 
must yield not less tlian 10 p.c. nor more 
than 10*5 .n.c. ot anhydrous morphine (U.8. 
Pharm. ix.). . 

Among t>ic various adulterants wliudi have 
'been detected, from time to time, in Tuikey 
opium arc : sand, clay, gra])c- 3 uice thickened 
with Hour, tig-paste, Uquoricc, half-diied apricots, 
tragacanth, pounded poppy capsules, and even 
turjicntino, stones, and bits of lead. 

E<jyp (.—thily a small quantity of opium is 
now exported liom Egypt. Owing to its in¬ 
ferior quality it is not regularly impoitcd 
into England. Small coii.signments are, liow- 
ever, sent to Turkey and other countries on 
the Mediterranean sea-board. It is cultivatid 
in «II}>por l^gypt n(!ar E.sncli, Iif?njich, and 
Aasiout, tbjc ancient Thcbaid. Allen, m 1861, 
describes the collection of opium from a 
white poppy The cap.sulca are slit twice trans¬ 
versely, and* the juice collected tho following 
day with a sort of scoop-knife, and placcrl on a 
leaf, in the sun, to harden (Pharm. J. [li,] 4,199). 
The product is sent out loi cakes, envelojiod in 
poppy leaves, but without Kuzucx fruits. 
According to mformatum sujiplied to Mai-tiiulale, 
the best opium is ^jpJlected at Akmim, on th[‘ 
righ^^' bank of tho Wilb, 320 miles above Cturo ; 
‘while at Assiout, 250 miles above, an inliirior 
quality is produced. A piece of Akmim Oipium, 
in the form mf a hard flat cake, four inches in 
diameter, And one inch in thickness, contained 
7*24 p.o. of morphiiie. There was the mark of 
a leaf adher ing, to it, and it had a rough and | 
irregular appearance. A specimen from Assiout,' | 
consisting of segments of a cake, much softer j 
and fevidqntly adulterated, yielded only 0*6 p o j 
of morphine (Eharm. J. [iii.], 10, 743). Other 
specimens have given 6*8-] 2*2 p.c. (Guibourt, 
J. 1862, 374), 3’4-3*0 p.c. (Eetermann, J. 1860, 
704), and 5*8 p.o., together with 8*7 p.o. of 
narcotineo(Eluck. a. Hanb.), It has also becq | 
fchown by Gastinel that opium can be made in 
Egypt containing 11-12 p.c. of morphine. Tho 
fact that it generally contains only half tbit 
proportion<i| due p.artly tp an over-moist soil 
and unskilful collection, but also donbtlesi It ' 
adulteration (E&iick. a. Uanb.). ' I 


Per|io.—The quantity of opium produced in 
^rsia'bas until recent years been small and 
inferior in quality. The lftr(||ige^, the Ten’at-e- 
Arabidani, was obtained from Dizful aq(l Shus¬ 
ter, in Khuzistan.* A good quality was produced 
near Sari aAd Balfarush, in Mazandaran, near 
the Caspian, afid in the southern province of 
Kerman. Inferior sorts came from Shahabdul- 
azim, Kashan, and Kum. Tl!e cultivation ex¬ 
tends into Turkestan, #vhere a sort of meconium 
is also manufactured. Part of these products 
, went overljmd to Chiiia, by ^v of Bokhara, i 
I Khokan, aril Kashgar, and ^nifcher park,foun(^ 
its way to Constantinople, by way of Trenizond, 
to be sold as Turkey opium (Fluck. a. Hanb.). 
dloro attentiorf is, however, now given to the 
cultivation plant and the collection of tho 
juice, and there m less adulteration, the result 
being a great increase in tho trade. The poppy 
cultivated is^ho variety album (Boissier), naving 
j roumj,ish ovate cajisules. Shiraz and Behbahan. 
the laltei in tho neighbourhood of Bushire, and 
other new districts, furnish supplies (Pharm. J. 
[m.] 11, 8(14), and old centres like Kum, Teheran, 
and Yezd, have improved tho qui^Vty of their 
^nodij.ct {ibid, [iii.] 15, 113, 43^)). ' Ispahan has 
now hecoino the ehiof centre of the opium culti¬ 
vation, tho other important districts being 
Shiraz, Yezd, Khonsar, and also Khorasan, 
Keumanshah, and Ears. 

About tho year 1870 a regular export trade 
of Persian opium was established by water from 
tho ports of Bushire and Bunder Abbas, in the 
Persian Gulf, and tho q^uantity exported in- 
cieased rapidly. By far tlio gicater part is now 
shijiped from these ports direct to Hong Kong, 
wlioro it competes in the market with the jiroduct 
of Patna, Bonaies, and Malwa. A smaller part 
is shipped to the {Straits Settlements, and the 
rest to England. A less important trade con¬ 
tinues with Con8tantinoJ)le, by way of Trebizond 
and Samsun,* and part of the opium made in 
3'ehcraii, TaViriz, and Kermaiishah, also finds its 
way to Smyrna. <> ^ 

In Uhiiia, Pemian opium has, to a certain 
extent, replaced Indian opium owing to its 
being manufactured to suit the Chinese taste. 
After it has been once smoked the residue in the 
if the opium is of good qual^J, can be 
used‘mixed with fresh opium some six or seven 
; timo4, whereas Benares opium cannot be used 
; thus more t^tan once, ^ihe smoke of the Persian 
I opium 18 milder and in consequence mctfe 
I suitable to (^tropical climate (J. Soo. Chom. Ind. 

; 1892, m). 

j The greatly increased consumption of^pium 
' j^Pepia has led to‘the extension of the duftiva- 
tisfl of the pftppy ovot tho whole country. 
The t-capsules are ready for cutting at the ’ 
beginning of June4«(t,Sinc!e the lightest coloured 
opium commands the best price in the market, 
the inciaifins xti the pop{\y heads are made, at 
sunset and the exuded sap ik collected before 
sunr^e, as sunlight discolours the product. 
'V<i*tical incisions are' made, and £he juice is 
collected and conveyed t5«-the market in copper 
vessels. There it is* manipulated to suit the 
tastes of buyers in Hong Kong and London, 
whither it is exported beWeen September and 
January. One of the most celebrated products 
is that of the village'of Kupa, a short distance 
east o^lspahan. 
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Tae opium tor borne consumption in Persia 
is prepaid by adding 20 p.c. of foreigirmatt^r 
to the orude'opii^ after its volume has been, 
reduced one-sixth oy evaporation. The added* 
material is usually ‘ sarcocoila/ the resin of 
Pcntea mucromta (Linn.), but Sometimes a 
boiled extract of dried poppy hSads, the seed nj| 
wild rue, and ai^ extfact obtained by steeping! 
fresh poi)py leaves in water, are added. The | 
mixture is then boiled siowly for 3 hours with j 
constant 8tirriM,^nd the paste thus obtained is 
kneaded and J&Ued intm small sticks for the 
tmark^t. The opijim loft in the® pipes after 
smoking is prepared for further consumption 
by being mixed with about 10 p.o. of raw opium 
and is then smoked as Ttn^k-suchtc (burnl 
opium) or is eaten in the furfi^of pills. The 
opium for export which is solcl in lumps is pre¬ 
pared from the raw opium bv^rying uti^ its 
bulk is reduced by about a quaiier, and then 
adding from 60-70 p.c. of gra])e juice.or.other 
unknown ingredients. This ojiiuin is homo- 
goneous and it does not present a granular 
api>ea?ance like the Turkisli oj)ium ; it is also 
remarkabij^njform in moisture content, averag¬ 
ing about p.#. Assays of a large nuinj,)er of 
samples conducted according to tlie method oT 
the British Pharmacopooia during the past ton 
years show from 9-12 p.c. of anliydrous moi- 
phine, with an average of 10*3 p.c. 

India ,—Opium i.s one of the most important 
products of India. It is a State monopoly of the 
Bengal Govornmont in Behar and Benares, and 
is cultivated free in the Malwa and other districts 
of the native States, whence on arrival in British 
territory it pays duty. 

Some yeans ago, large quantities of Indian 
opium w'erc reguuirly exported to China. To¬ 
wards tlie close of 1000, however, the Chinese 
Government ordered that within teti years the 
growth and oonaumjj^ion of opyim in China 
mustr be sjjppressod. In 1907, an agreement 
was (jhnemded whereby the amount exported 
to China from India|h6uld4)0 reduced annually, 
and in 1913 the sale of opium to ('himi was 
brought to an end (Bull. Imper. lust. 1916, 
607). 

^ The ^a devoted to poppy cultivation in 
Bengal ^giprisos the large central tract of*th# 
Gauges, about six hundred miles in length and 
twd hundred in breadth. It extends ea&ft and 
west, from Dmajpur fK> Agra, an|^ north and 
^<futh, from Gfirakhpiir to Hazanbagh. Accord¬ 
ing to Watt, the average annual ^oa^ctually 
occupied by the poppy in Bengal for the laA 
tbirt]^ years has been 490,000 acres, but in 
consequence of the elation of expo^ to ^huia 
the total area in India has gradually decreased 
from 769,000 acres in 1903-4 to about 2#l,000 
acres 1912-13 {l.c.). 'Sie Stkto does not 
restrict the cultivation of opium; but it is a 
monopoly in the sense that what is cultivated 
must be sold t(r the Government at a price 
agreed upoji beforehand. Chfib object of Aheso 
regulations is to prevent^he neglect of cereils,* 
for the poppy, oullmro is very much more 
profitable; in MalWa it i^ said to realise from 
three to seven tifhes as much as the qrdinary 
crops. The opium of Behar an^ Benare.o is sold 
at auction in Calcutta, part is retained for con¬ 
sumption in India, the^rett being available for 
export to fhis 'and other coun|rie6. 


The remainder of the opium raised in India 
produced by the aativo States. The most 
important centre is the^broad tableland of the 
Malwa and the adjoining^slopes of ^he Vindhya 
Hills. The opening of the railway has given a 
great»impetus 4o the cultivation in Rujputana 
and Malwa. Smaller quantities are produced 
in the Punjab, not only irf the plains, but 
to the e^tward of Lajiore, in the valley of 
Bias, as high as 7600 feet above tlufsea. Kulu 
I also produces excellent opi^im. U is raised 
in Nepal, Basahir, and Rampur, and at Doda 
Kashtwar, at ^he base of the Himalayas, in 
the Jammu territory (Fliick. a. Hanb.). Nearly 
all the opium g>riid\ited in the native States, 
however, enters British territ(^y, an^f pays a 
duty according as it come.s from the districts 
of Ahmcdabad, Ajmero, or Malwa. It is then 
sent to Bombay, wlienee it is shipped under the 
general name of jllAlwa opiyiii. 

The poppy growji in India is of two varieties : 
Bengal opium being derived mainly from white- 
flowered races, while Malwa ®]uum is largely 
obtained from plants with purple flowers (Bull. 
Inipor. Inst. 1915). lii addition to the dangers 
to which the crop is exposed m Asia Minor the 
plant in India is liable to il»e attacjjt of a para- 
•siiical species of broom rape, OroJ^anche. indka, 
which attaches itself to the roots apd oaulcs the 
plant to wither. The factory fur the Behar 
district IS at Patna, and for the Benares district 
at Ghazipur, where the Govcminent agents are 
stationed. In Benares and Behar the seed is 
sown in November, and the capsules are ready 
in February or March. They are then incised 
or scarified vertically, by means of an instru¬ 
ment called a ‘ nushiur,’ constructed of several 
blades Imund together (r/. plate, Phann. J. [i.] 
11, 21)7). This operation is repeated, in the 
course of a few days, on different sides, each 
capsule beipg scarified from two to six tmics. 

; The next morning the juice, which Jias exuded, 
is scraped of! by the use of a sort of concave 
trowel made of sheet iron, called a ‘ seetoah,’ 
and collected in earthen pots.* The poppy 
(?apsulbs are afterwards utilised in a variety 
of.ways and the oil expro^ed from the seeds. 
In Malwa the capauies amj ready in March or 
' April. A somewhat different instrument is 
•used to collect the juice, and from time to time 
i^his is dipped in linseed oil^fo prevent the juice 
: adhering. Owing to the^he^vy dews the juice 
in India is much more moist than in Asia Minot 
(i6ir/.*(i.] 11,209). • 

When freahry collected the jui«e consists of 
a wet granular mass of a pinkish colour, from 
which there collects in the "bottom of the vessel 
a dark coffee-coloured acid li(y^id ipasewa * or 
i*' pussewah.’ More of this liquid is separated 
! by draining, and the opium is then cardfully 
j dried by exposure to the air, but protqctedtoom* 
; the ^ys of the ^un. The drying is continued 
: some three or four weeks until the moisture is 
, reduced to 30.p.c., the amount allowedly the 
Bengal regulations. In this state it arrives at 
ihe Government factoiw, where it isniaxammed 
physically and chemically, and if ssatisfactory is 
admitted. In the factory great care is takeft, by 
dlixing low and high qu^ty opiums, to sond 
o^t a uniform product. It is manipulated into 
IKalft, and^covered with poppy petals, which have 
1 been dried carefully. ^ The patals are made 
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to adhere together into a sort of shell by moans! 
tf a liquid called ‘ lewa ’ o» ‘ lewah,’ made partly 
^ opium and partly of jpasewa.’ The spherical 
cakes, whiclvhave a di4mctcr of about six itrches, 
e^d not unlike in appearajice a 24 lb. 8h<5t, arc 
rolled in poppy ‘ trash,’ powdeied stalks, cap¬ 
sules, and leaves, put into ecrthenware moulds 
and exposed to fno sun. If blisters form, the 
cake shfeils are opened, ^he gas allowec^to escape 
and then ti^tly closed again. After throe days, 
about the end of^July, the cakes arc put into 
frames and exposed to the air. They (here 
remain, with constant watching,until Octobei, 
when they arc packeil in chests, which (contain 
wooden coinjiartmcnta hw 40 ^lakes, and ihj; 
interstict's arc lAisely filled witli pojipy ‘ trash.’ 
The chests, which contain JbO lbs., are then 
ready for exportation (I'kitwoll). The so-called 
medicinal (I3enares) ojnum sent to this country 
in recent years is jihwed in jia^ier bags and pai^ked 
in a chest without eom])ai;tments, each cliest 
containing 80 cakes of 2 lb.s. each. The rnoi.sturc 
content of this qnality is from 12T) to 15 ]>.c. 

That w’hicli is consumed in liulia, ‘ abkari ’ 
opium, is prcqiared somewhat differently. It is 
dried by exposure tf> the sun until it contains 
only 10 p.Cj. of moisture, in wdiich eondition it 
admits of bcyig moulded like wax. It is made 
into kquaro^ bricks about 2 lixs. in weight, 
'Tfriijiped in oiled paper and packed in boxes 
furnished with suitably comjiailments. Excejit 
that the aroma is not quite so good, ‘ ahkari ’ 
opium is equal in quality to that prepared for 
oxjiort (Eatwoll, l^harm. J. [i.] 11, 2()9, 300, 3.')9). 

The opium of IVTalwa and other native dis¬ 
tricts is not so uniform in quality ns that of the 
Govoruincnt factories. Malwa opiinn eontams 
only about 5 p.c. of moisture, and it is sent 
out in bricks or rounded masses whieli are not 
incased in poppy petals. • 

'^'lie jjcroeiifage of morphine in Indian opium ; 
is much le.s^ than that found in the opium of , 
Asia Minor. Tliat which has reached this 
country during recent years consisted of ‘ medi¬ 
cinal ’ and ‘ abkan ’ opium, both from tlic Benares i 
factory. Assayed by the British Pharma^ipceia ; 
method, the morphine content was found to be : 
remarkably uniform ovw a wide range of | 
samples, varying from 7 to 8 p.c. on the undried i 
drug. i 

Small quantities pf morphine salts sometime^ j 
reach this country Vrobi India. They arc made | 
ftt tne Government laboratories at Ghazipiir; 
from opium which has been confiscatwi on' 
account of adulteration, and are not likely to : 
become an* important article of commerce {•!. 
Soc. Chom. Ind. 1886, 917). ! 

the prohibition, in 1913, the ; 
Chines© consumed a good deal of the opium*' 
exported from India, Asia Minor, and Persia, 
'in adttitio;i to that produced in (^ina; but for 
some years prior to this date, tfio trade had been 
a diminishing quantity m accordance with the 
policy of the Chinese Government. It is not 
possible to estimate the amount jiroduced ih 
Cluna, bu^ some idea of the enormous increase 
may be gathered from consular and other reports. 
ThoVarious attempts of the Chinese Government 
to prohibit the manufacture of opium haA 
had little effect. It was^about 1^0 that Jt 
began to bo produced in notable quaniCties. • lA 
1869, in a Report on the Trade of Hankow, 


....... . to the inspector-general of customs at 

raking,* the annual yield of the three provinces 
.Yunnan, Kweichow, and*" Sjechifen, was esti- 
’mated at 41,000 peculs. In the same ,year it 
was reported tha4r two-thirds of Szechuen and 
one-third of “Yunnan was devoted to the poppy 
[(Calcutta Blue Book, 206). In 1882 the annual 
'liroduotion in the south-West of China, chiefly 
the provinces of Szeehnen aAd Yunnan, was 
estimated at over 200,^)00 peculs, or more than 
twice the whole irapurtation from India (Pharm. 
•T. [ni.] 13, 225 ; c/. J. I^mc. Chei^Ind. 1890, ^4). 
In 1885 tlu+imports of Indlfin opium ii\,Maii-, 
churia had fallim to only 6 p.c. of what they were 
ill IHOb, its ])lace being taken entirely by the 
Rative drug (Pfiarm. J. [iii.] 18, 280). In 1887 
the di.strict of ^Venchow was occupied almost 
entirely in the ^iroduction of opium. The 
country, viewed from a hiU-toj), was, in many 
jilaces, one ^gist brilliant mass of l>op]iy, with 
here and there ^ patch of green (.1. Soc. ('hem. 

I Ind. 1888, 409). '['he consul at Niew (.'hang, in 
! Manchuria, rejiorts in 18H9 that, although 
I twenty years before 2035 peculs of Indian 
opium sup]ilH“(l the whole i)rovince,^t that time 
|Jic ])pr(i ol Yingtzu alone consufieo 3744 jieculs 
annually. 'This enormous demand was being 
met almost entirely by the native drug. 

Opium is cultivated chiefly m Szochuen, 
Ymman, and Kweichow, to a less extent in 
Shansc, Shensc, and Shantung, also in eastern 
; Mongolia, and in Manchuria, '(’he development 
j of Ihe popjjy cultivation has been so great in 
many jiarts ot (!hina that it. has seriously inter¬ 
fered with the snjiply of ccieals. Por this 
rea-soii, since the famine, it has been prohibited 
in iSiiciiHe, Honan, and Cluhli. In Kwangtung 
the soil and climate are not smlablo, and in 
t'uhkecn the production of sugar is equally or 
mor«‘ reimi»crative (H'llmes). In Szechuen, the 
poppy IS a winter crop, %tn\ may be gathered in 
time to allow* nee to be planted, atjil thus not 
interfere with the summer produce. yield 

of opium is about £2 life, ^to the acre. Every 
part of the plant has a use, if only for manure, 
and thus the total return amounts to about 
double that of cereals. As aoofl as the summer 
crop is rea])ed, the soil is prepared and^manured 
iidth night-soil. The seeds are sown jq* Decem¬ 
ber, drills foot apart-, the white poppy 
bein^the mo»t commonly cultivated in the low 
grounds. A|ter a montl* when the plants aro a 
low inches high, the rows are ^thinned artd 
lianked^ip ♦ytli earth, in March or April the 
flowering takes .place, and at this time the roots 
aro again well manured with night-soil® The 
c*p8idos are slit in April^ May (Dharm. tl. [lii.] 
13? 226). 'According to Thorel, the scarification 
and Isollection is precisely the same as that 
carried on in Indiwx Some Szechuen speximens 
seem to have been collected with the use of oil 
as in Malra (Bliick. a. Hanb.). 

Yunnan and Szechuen op5um is made into 
flat »ake8 and wh'^jiped in white p|.per. It is 
?isj8kor and softer thali that of Persia, which it 
resembles, Chekeang is w treqfly extract sold 
: m 2 to 4 lb. jars. The prifduct of Shense was 
. supposed to resemble in flavour the highly- 
I prized Patna ewium. Yunnan ranks next and 
then Szechuen (tfolmos). A specimen of Chinese 
opium, examined by contained:— 

Moistupe, 18 p.q.; morphine. 6’0 p.c. (or 
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7*2 p.c. ia the dried drug); narcofine, 7*5 p.c.; ] Greece, Italy, Spain, France, Switzerland, Ger- 
ash, 7‘5 p.u. (Rejwrt on Trade of Hankow), j many, England, and Sweden, to cultivate opium. 
Authentic specimens* examined by Sheppafd i atid the results have ^hown that, providing tiyp 
gavethefollowing^orcentagesof morphine in thol soil ^elected is suitabJ^ and the rainfall WJt 
dried 8 pium; Szechuen, 2'^ Kweichow, 2*5; excessive, it is possible, in all thOfee countries, 
Yunnan, 4*1; Kansu, 5'1. Eatwel^ in Szechuen to produce opium o^ual to that of AW Min»r. 
found 3*3 and in Kweichow 6*1. ^Sheppard foun^ The diost impoftairt Eurojvoan experiments have 
6 to 14 p.c. of moisWro and 36 to 63 p.c. of a been conducted in France. ^ product called 
extract soluble it water (Fluck. and Hanb.), ‘ affium ’ has been made at Clermont-Ferrand, 
Mozambique and Algeria. —In 1877 a Portu- which is^aid to contalh uniformly 10 p.c. of 
gueso company W'as founded to commence the morphine ; but it has not become an important 
f)p*um culture^ Mozambique (Phann. d. [ni.] article of trade (Fliick. a. Manb.; Aubergier, 
1007; 10, (w, 13, 44o). In according Pharm. J. fiii.] 16, 693). Some interesting 
*to Olfyot, some tRree linndrcd labourers were investigations been made in the neighbour- 
employed in cultivating Zainbeai opium between hood of Amiens, where specimens of dry ojiium 
the Muto and Quaqua rivers. •The yield coim tvero })rodnced*coiit^ining 16 |^iid 20^ind still • 
pares favourably with that 1% India. The higher jiercentages of morphine. It was observed 
productissaidtobelargelyadtiftxedwithforeign by Descharme that tlie morjihiiio diminished 
substances before being made^into 600 gram when the juice was slowly dried, and the peculiar 
balls, which are packed in boxes containing odour of the dru^ js ascribed to a species of 
poppy ‘trash,’ and coveiod wifh indigenous fermentation (JT Plmrin. t.)him. |iv.| 0, 222). 
cotton (Oompt. rend. 96, 798). These•inils are Guibouri found the percentage of morphine 
sometimes seen in the English market. Accord- in Frcncli ojiium to vary from 12-J to 22‘8, the 
ing t() more recent advices, the comjiany Ims latter being the higlu'st propoftion of morphine 
been obliged to go into liquidation, and the culti- ever reconlcd {ihtd. [in.] 41, 184, 201). (.)thcr * 
vation has *< 01 ^abandoned (Pliariu. .1. [m.] 21, analyses of French opium give 17‘6 p.c. (Des- 
87). Opium has been eoliected in Algfl'ia iti charmo, ('ompi. rend. 40, 34); 17 6 (Chevallier, 
email quantity since 1828 {ihtd. [i.] 16, 348). Fluck. a. Hanb.); 8*2 (Roux, d.«1866, 717); 

A .dried spociinon examined by'Guibourt emi- Ikl to IFO (Petermann, Jahrb. 186(k 704). 
tained J2'l ]).c. of morjdum^ (.lahrb. 1862, 374 ; Oernmn opium from Eriurt contained 16'6 and 
Aubergier found 1-5 to 17'8 p.c. (Ann. ('him. 20 p.c. (Biltz, Gm. 1(), 415); from Wurtenijbo^, 
[iii.J 20, 303). 12 to 16 p.c. (He.sse, Fluck. a. Hanb.); and 

Aurstralia .—The pnxluction of opium com- from Silesia, 9 to 10 p.c. (Hesse), 
menced about 1868, and the first specimen Experiments have been carried out on the 
reached this country from Victoria, and was cultivation of popjnes for opium production in 
oxainined by Morson in 1869. It contained, the gardens of the Pharmaceutical Institute of 
according to Hood, 2 p.c. of moiqihme and 8 p.c. the University of Berlin. The amount of opium 
of narcorine (Pharm. J. [iii.] 1, 272). Specimens obtamablo from poppies in that latitude is 
containing 4*2 to 7'1 p.c. of morphmo were satisfactory; but the cost of collecting it proves 4 
sent to England in 187b. They w^o nrodueod to bo too high (pioms, Zcitsch. angow. Chem. 
in the village of ^tnbury, near Melhourne 21,2208). The poppy is rarely grown in Russia, 
(Hopd). About this time the cfiltivatioii was although tffore are many districts with a sullable 
commemafll in (.Tipiisland, and opium coiitaiinng soil and climate. Samples of Rifssian opium 
9 p.c. of morphine, 4 }>c. o^narcoiine, and 6 p.c. from the Sseniiretschinsky district contained 
of meconic acid, wfA obtained (Ward, (ill.] about 7 6 p.c. of morphine (G(^dberg, Chem. 

], 643). Th(. Toow'oomba district in (Queensland | Zeit^ 6 , Rep. 367). 

also furnished |<tme good specimens {‘ibid, fiii.} Experimouts in North America led to the 
1, 972). ! same results as m Europe. Specimens from 

• Tho^^hief part of colonial opium the j Vermont containec^ >6'76 p.c. of morphine 
Melbonfn^ market cornea from the Bacelifle I (Procter, Amcr. J. Pharm. [iii.] 18, 124); from 
Marsh district, whTre the cultivation hfi# been Illinois, 8'76p.c. (Kennedy, ibid, [iv.] 1, 6 ); and 
carried on for years. ^ The sowing takes place •from California, 7*76 p.^ ^Maisch, ibid, [iv.] 3, 
at three penocls, about the first week in May, j 103k • • 

the second or third week in June, and the latter F^r tlie figures given on p. 712 relating to the 
part of July. By this means pafft oFtho crap trade in opium, acknowledgraent’is made to 
matwe in succession. The average yield is 15 the Director of the Imperial lnstitqQ.e. 
to 2 C^lb 8 . to thi acre, but in a good season as • 

much as 30 to 40 IbW are obtained.* In fiu^pe Expoets of Ophtm fbom Pers^ in 1913. 
the average yield to the acre f« 26 lbs., ^nd in, Consuiaftteports.) 

India 30 to 40 lbs. Wh^ tho capsules are ' lb 

ready, two incisions arc made horizontally, half- Through Mohammerah . 103,62% . 

way round, and tjie juice wkich^exudes is „ ‘Bushire . . 309,120 

oollocted. the n®t morning. A few days later • Bunder Abbas . none recorded 

other incisions are made, until the capsule Khorassan . . 169,OJO 

is exhaustbd. The opiimls manipulated ^nto . " • • _• 

balls and carefully d^od. In quality it approxi- 631,602 

mates to the' pi9)di^t of A|ia Minor. A specimen* 

gave 11-6 of morphine from the dry drug. Microscopic examination of opium ai^d the 
Another from Queensland •coptained" 9-8 p.c. constituents extracted by solvents (Ueane and 
(Matthews, Austral. .1. Pharn* Nov» 1887). Brady, Pharm. J. [ii.] 6,234; 7,183). Examples 
Europe and North America. —Attempts have,^f, analyses: Penian opium (W.-D. Howard, 
been m:^o in most* European countries, injikti. [in.] 6, 721): Australian opium (Ward,* 
• • • 
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Imports of Optom into ras I^ited Kingdom. 

(From ^Annual Statement of t^eTrade of the United Kihg^m.’^, 
Quantities. Values. 




1016. 

1916. 

1916. 

1916. 

From— 


fib. 

I* lb. 

£ 

£. 

India • « • 


149 004 

I 455,376 

101,720 

.304,378 

^ong Kong. 

Perqja . • . 


13,720 

' 8,058 

14,019 

8,983 


493,894 

193,283 

496,804 

228,051 

European Turkey 


192,018 

27,051 

246,010 

46,090 

Asiatic Turkey . 


21,071 

1,760 

2L783 

3,000 

France 


— 

822# 

7,930 


1,326 

12,40^ 

Other countries . 


80,800 

96,770 ' 



ar.1,713. 

094,880 

e ' 

. 1,020,672 

063,234 


• M 

Expout-s of Opium from India. 


(From the* Accounts of the Sea-borne Trade 

;f British India.’) 




QtmntUm.f 

Values. 



3015-101 

1016-171 

101&-161 

1916-171 

To — 


Chests 

Oliests 

llupees ^ 

Rupees ^ 

United Kingdom . 


199 

— 

301,500 

— 

Straits Settlements 


006 

239 

1,017,250 


Java . 


1,835 

f 1,905 

3,120,800 

*5,129,000 

Sian> . 


1.7(X) 

1,200 

2,837,450 

2,870,700 

Indo-C'hina . 


2,036 

3,440 

3,.350,0,50 

8,190,395 

Hong,Kong. 


734 

450 

1,187,330 

iu,nr) 

Japan 


1,080 

903 

] ,808,260 

2,383,070 

Mexico . * . 


400 

— 

779,675 

— 

Other countries . 


138 

453 

239,035 

1,070,165 

Total chcHts 

8,780 

8.710 

14,701,840 

20,906.180 

- 

. owt. . 

12,878 

= 12.700 

= £980,123 

£1,397,079 


ibid, [lii.] 1, 543 ; Mattliews, Austral. J. Pharni. 
Nov. 1887); Vermont opium (Procter, Amor. J. 
Phnrm. [iii.] 18, 124; Flijckigor, Jahr. 1800, 
707; rhann. J. [li.] 10, 208); Indian aiul 
(Jhifeae opium (Browne, ibid. 84#-452; van 
ItaUie and K^i'bosch, Arch. Pharmt 248, 000). 

Phifiu/logical action and n-sefi .—Opium is 
without doubt the most im]»oriant remedy avail¬ 
able for use iti medicine. Its action on man is 
chiefly on the brain, producing sleep, lit doses 
of a grain or less, stage of slight excitement 
supervenes during wh^plie the individual can 
control his energies. In I to 2 grain doses the 
stage of excitement is .short and is succeeded by 
deep sleep, after -vvhich there is nausea an 4 
heackche. If large*ddhes of 3 grains or more be 
&,drainisterod the excitement is very short and 
is foIlow'edJliy sleep which becomes more and 
more cofnattse until the patient cannot bo 
aroused. If death takes place the respiration 
ceases first. Opium‘i 8 used for the alleviation 
of pain, oitlrer gj^nerally or locally, for the pro¬ 
duction of sleep, or for reducing the irritation of' 
various organs. Its special applications in the 
\reatftentta of disease are almost- endless {cf. 
Bninton, Pharm, Therapeut. [887, 862). ^ 

The action of opium in stimulating and then 
depres^ng gives rise to the desire, to rejieat the 
dose. In this wav the habit of ‘ opium eating*' 
is contrao*?d. The worst effects of opium are* 
thus obtained. It deranges the nervous system, 
and *impair 8 the intellectual and moral and 
finally also the physical powers. De Quincey*! 
description of h.i 8 own expeijence is well known 
^ Year ended SUt March* 


Hut by fur the largest quantity of opium is 
used for smoking. The habit is believed to 
have originated m Bersia, but it ifi in China, 
wlicre it prevails to th^ greatest extent at the 
present day, where, indeed, its use appears to be 
almost as widely diffused as the use^p^f tobacco 
in Ruropc. For smoldng the opium uncfergocs 
a process of prepar^tionSv/iich is a business in 
itself. In Ilong Kong, according to McCallum, 
the opium is extracted by boiling with water and 
the clear solution is evaporateiT until it attains 
the consistence of treacle (Pharm. J../iii.] U, 
220^ 12, 446). The Chinese in California first 
put the opium through aeseries of roasting 
proeeWs whidli arc said to destroy its stickiness 
and render it- more easilj^ extracted by boiling 
with water (Calvert, ibid, [iii.] 126, 148). Tnfe 
Chinese ^reergnise four varieties of opium 
(I) Raw opium ;• (2) Prepared opium, the treacly 
extract descrii^d; (3) Opium ‘dross* the 
scuapipgs qf the opium p^’e, which are said to 
be*Btrong, hot, *of inferior’flavour; (4) Opium 
‘ dirt,• the exhausted marc after extraction with 
water (McCallum). 

‘ The w'holo^ operation of opium-smoking is 
described •in a letter which accompanied an 
opium-smoker’s sot of apparatus in 1882 from 
(’anton to Kew. ’'JKio pipe has a flat,bowl made 
of tietal with a very smalJ opening. A drop of 
the soft opium is taken on tfie point of a ‘ dipper * 
and dexterously roasted in fhe flame of a little 
lamp uqtil with constant bifhiing it has the 
appearance of 'J>umt worsted. Then, first 
warming the bowl of the pipe, the drug, about 
* 16 rupets—il. 
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the size oi a hemp-seed» is placed ab<?ut the open¬ 
ing in the bowl, the pipe taken in the InouA 
and the opium ignited. The smoke is parti* 
swallowed or lnhal<^ and partly exhaled by the 
mouth and nose. The preparation for smoking 
occupies 6 or 10 minutes, butrhe actual smok- 


wvuuivo u Ui Jiv UlUlUl/CB, WUlr HUC BillUIW- •__ i ♦ r T 

ing only about 30 seconds (Sampson, ibid. [iii.]*t^ aqueous 6 oda^[o]D— 


• 

Zeit. 1003, rs, 267, and U.S. PharmemopcBia,* 8 th 
ed.). Readily soluble in solutions of nxed alkalis, ^ 
I es^eially when warm; less soluble in aqueous, 
'•ammtgiia (rel. dons. 0’^ (1 in 177 at 16°b 
Laevo-rotatory, in me^yl alcohol [a^^r=l30*9% 


11 , 22 ). 

The 


)lorfbal action of opium smoked in 
this way is cleany quite ^fferent from what it 
is when taken in the stomach. It is noteworthy 
,thaf those opmms m<^ highly prized for 
gmokii^ contain a small percent^e of mor¬ 
phine. It would selm that, notwithstanding the 
serious view of the effects of opiuni-smoldng 
taken by the Chinese Uovernmeat and held byJ 
many Phiropcans, the habit is iiot more in¬ 
jurious than the use of other st^iflulants. Opium 
in the Kast seems to perform th^same function 
that alcohol docs in the West, and, as far as can 
bo ascertained, with about the same good and 
bad'effects {cf. Birdwood, Pharin. .1. fuin 12 , 
500; Spence, ibid. 13, 220; McCallum, 
ibid, [ip.] 14, 27 ; James, ibid, [in.] 18, 280). 

Opium q^vijjii's an uni(jue position in resjiect 
of the numPlr ^ alkaloids which it contains; 
these are dealt with in detail hclow':— ’ * 


Mdyphine Qroujf [Morphive, Codeine, Thebahu). 

Morphine Cj,H,„OaN'H^O, the first known 
vegetable alkaloid w'as isolated from ojuum about 
the year 1807 by Serturnor. It is contauied in 
minute amounts in several other plants belonging 
to the natural order Papaveracea'. 

Preparation .—Morphine exists in opium in 
the form of two soluble salts (meconafe and 
sulphate), so that extraction with water removes 
the whole of the alkaloid. 

(Iregory’s method for the nianjjfacture of 
morphine from opium gfuisists in extracting the 
drug .with lukewarm water, mixiflg the liquid 
with oicest^of chalk, and evaporating to a small 
volume. Slight excess* of ^alcium chloride is 
now added, the liqufti dduted w’ith water, and 
the precipitated resin, calcium meconate, &c., 
filtered off. Oi» concentrating the liquid the 


-70'23® 


j strong!^ 


.Iflovo-rotatory in neutral or acid solution (Hesse, 
•Annalen, 1875, 170, 190). * 

Morphine is a strongs monacidic basts; its 
alcohoho solution is alkaline to litmus. Dilute 


acids readily dissolve moiphi^ie, and the salts 
are generally easy to crystalUse. The hydro¬ 
chloride B-HCi,3H*0 18 a well-crystallised salt, 
soluble in water (I m 24 at 15^), less soluble 
ii» alcohol (Hoa^e, 1.%.). This salt ^id the 
snlpliate, acetate, and tartrate, ^c., arc used in 
medicine. The platinichlonde (Bdl(Jl) 2 l*tOl 4 is- 
crystalline. The alkaloid and its salts have a 
bitter taste, and ^lon administered in small 
doses exert a power/iil narcokc action ; in larger 
doses they are jaisionous. 

Heaciions and constitution .—Solution of 
feme chloride, almost free ffom acid, pro¬ 
duces with the alkaloid, and with neutral 
solutions of its salts, a doe])-hluo coloration, 
w'hich is discharged by strong acids. This 
reaction is charaideristic and deiieat* in neutral 
or nearly neutral solutions Strong suli^unc 
acid, free from nitric acid, docs* not colour 
luoriihmc unless the mixture is wanned, when Sk 
brown coloration is pn^duced. Nitric acid 
dissolves the alkaloid, with the production 
of a deep-rod colour. If the morphine is first 
dissolved in strong aulphuno acid and then a 
drop of nitric acid added, a carmine coloration 
IS observed. Morjihino is a powerful reducing 
agent, converting ferric salts into ferrous salts, 

I sohrtioii of jiotassium fcrricyanide into potassium 
' ferrocyanide, and precipitating the metals from. 
Htilutions of rilver nitrate, and gold and platmum 
chlorides, jftnee it reduces aqueous iodic aftid, 
liberating iodine, this reaction is often utilised 
as a test for morphine, the iodine being detected 
in the usual manner. The salts of ^lorphiiio also 
liberate iodine from aqueous iodic acid. Mor¬ 
phine IS liable to be mistaken for emetine if 


hydrochlorides of morphine and codeine crystal-; colour reactions alono are* relied on for its 
ii^e out.** These are dissolved in w-ater. ihe i identification tsei’ ii^der Emetine, Vol. III. 

Scott-Smith, Analyst, 

,b 6 «e which combines 



piste separatum the codeine may ne extracted ! with 1 mol. prop, of alkyl iodide. 


by one of the solvents, in which it is much more 
soluble than moriilune, e.g. ether ot bo/lzene. * 

TJ_ j.-. O-_11 „1_!• _ -1 


A ^ dibcnzoyl and a diacetyl derivative 
[heroine) of morjihme have been* prepared, 


Piwpcriies .—Small rhombic prisms or silky i whence it may ho inferred that fhp alkaloid 


needle# containing IH-O, which is gradually ] contains two hydroxyl groups (Wright, Ohem. 
lost at 100®, more rdpldly at 120®. ‘At Iflgljpr ! Soo. Trans. 1874,27, 1031; Wright and Beckett, 
temperatures (about 230°) morptiine melt 8 #with i | 6 td. 1875, 28, 16; W'right Runnie, t 6 td. 
some decomposition, and af^rwards a part of ; 1880, 37, 010). One of these hydroxyl groups 
the alkaloid sublimes, together with some of its ‘ ' 

decomposition products. Slightly soluble in 
water, 1 in 10 , 0 ®) at 10 ®; 1 in 6000 at 20 ® 


(Chastaing, Bull. Soo. chim. 18S2, [ii.] 37, 
more solublfi in boiling water f 1 in 600). Sol 
in absolute alcohol (Ivifin 100 at 10 ®; 8'6 in _. 
at b.p.), 1^8 so in^qjieous alcohol (1 in 100 at 16®. 
1 in 36 at b.p.). •Less soluble in amyl alcohol 


,477); 
Solu]|lc«| 
100 


probably attached to a benzene nucleus, sipce it , 
has ])henolie jiftiperties; thus morphimydissolyes 
in alkalis, forming metallic derivatives, in which 
one atom of hydrogen of the morphine is re¬ 
placed by metfis (Chastaing, Compt. reniii»1882, 
94, 44). 

* When morphine is heated with hyflrochlorio 
acid (26 p.c.) in a closed tube at 140°-16<i®, a 


(1 in 400 at 11° ; IT in 60 at 78°k Very%lightly ‘ i^joleculo of water is separated and apomorpUnt 
soluble, or nearly insoluble in*ether„ benzene, 1 Cyllj^OaN is produced. It is isolated by 
chlorofonn, or light petroleum (Florio, Gazz. | so^um bicarfeonato ki excess to the acid 

chim. itaU 1883, 13, 496; c^. Muller, Apoth. i liquid, and shaking with ether, which dissolves 
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the ‘ aponjorphine.’ The free base is usually 
t amorphous; it is 8Ught(jr soluble in cold water, 

% and unstable when exposed to air, absorlXn^ 
oxygen, especially in fffosence of alkali, wjth the 1 
production of a green, and afterwards a red, 
folour. The hydrocVilori^o BTtCl is crystalline 
and is used in me(kcine.| 'nio propefties ot' 
apomorphine aikpear to show that the bafo still 
contains the phenolic hydroxyl present m 
mor))hinetin additio^* to a second •due to the 
fissure of the ring containing the ‘indifferent’ 
oxygon. Its pRysiological action differs en¬ 
tirely from that of morphine, since it ])rodu<‘e8 
no narcotic effect, hut acts *3 tf powerful emetjc 
(Matthiesson and Wright. Proo. Hoy. 8oc. IH()8- 
47, 455*; Marm6, Zeitlch. anal. C'hefii. 
1886, 24, 042; l^sohoir, daeckel and Fecht, 
Bor. 85, 4877). 

Alkaline Holutions of moriihine absorb oxygen 
from the air, which conveigs the uior))luno into 
pseudomorphine (oxydimorjiliitie) 
a base which also results' from tlio action of 
weak oxkbsiiig agents on morphine, and is 
found in siniul (juantity in ojiium (Hesse, 
Annalen, 1807, 141, 87; 1875, 175, lt)5; 1884, 
222, 284 ; 1880, 2.84, 255). It is not poisonous. 

The reactions, which are of jirimary import¬ 
ance as rifgards tlie constitution of moiphine, 
and 8the elo'sely related alkaloids, codomc and 
^/hebaine, ale as follows:— 

1. (.)f the three oxygen atoms in morphine 
one IS phenolic, and*on methylation gives rise 
to codeine; the second is alcoholic ; the third 
oxygen atom is non-reaclive, and is jirewmt in 
a heterocyclic nucleus. 

2. The mtrogeii atom is tertiary. 

8. On distillation with zinc-dust moiphine 
yields phonanthrene. 

4. With methyl iodide morphine furnishes 
coiloine mcthiodido ; this, on warming witii 
silver hydroxide gives codeine meHiylhvdroxide 
MA)( HO) -OieH,.() -NMe.O I f, wind n immediately 
decomposed, giving methylmorphimethine 

MoO(OH)-C,JTi,0-NMe, 
by loss of H.^0. This base when heated with 
hydrochloric acid or acetic anhydride is (lecom- 
posed in jiart, fbrmin^ methylmorphol and 
hydroxyethyldimethylamme— 

Metliylmorphlmethlfle. ' Methylmorphol Hyilfoxy- 
• * ethyldlraethylamine. 

Mothylmo»phol is known to be 4-hvd?oxy-8- 
methoxyph«nanthrenc (i^schorrand iSumuleanu, 
Bor. 19U(f, 38, 181j)). Hydroxyethyldimethyl- 
amine probably results from the addition of 
water to vinyl^imethylammo first liberated thus 
NMo^-CH; CHj NMc^-CHs-C'HjOH ' 

* It fffllo^ from the above that ^orphine must 
be built up from the comploj^es ^ 


6 ■ f ^ and—CH^-CH/NMo— 


'0 


* f « • 

The two compjexes have been ‘ assembled * in 


various ways, but Pseborr’s formula is that now 

f oner^Uy accepted (see p. 716 under Thebaine). 

Various derivatives sof mor|>hino have bm- 
flumod considerable importince ih rec^t years. 
Diacetyl-morphine (ni.p. 16U°-172'’C.f and its 
1 hydrochloride ^m.p. about 230°C.) known 
T originally as Iferoine and heroine hydrochloride 
I respectively ; the latteikis now ‘ official ’ in the 
1 British Pharmacopoeia nnd^r the designation 
! ‘ diamorphine hydrochloride.’ Ethylmorphine 
i hydrochloride {m.p. *122"-128°C.) or ‘ dionine ’ 
and bcnzylmorjihme lu:<lrochlo|(de or ‘ peroHine ’ 
are the hyflroehlorides respect^ely of the eth^f 
and henzyl ethers of morpSine. 

DeiecHov. —Morphine affords precipitates with 
. most of the *alkaloidal reagents. It may be 
identilied bi- means of the properties and 
reactions descfiied above. The characteristic 
reactions of ^orpliine can, however, only be 
relied on when a nearly pure alkaloid has been 
experimented with. Unfortunately, morphine 
is offo M the most difficult alkaloids to separate 
i from much organic impurity, especially when it 
is present only in minute quantity, as is generally 
the case in toxicology. Since^he internal 
administration of ojiium, anrl^ni/Tof morphine 
• itsoK, IS often lh(‘ cause of poisoning, the 
j existence of this alkaloid may be confirmed 
1 by detecting moconic acid, which is easj' to 


recogiiiBc. 

For a detailed account of the qualitative 
reactions of morjilime, see Marm6, lx. 

Estimation. —I'lio following method for the 
estimation of mor]>hine in opium is official in the 
British Pharmacopmiti, 1914 : 8 grins, of opium 
111 No. 50 powder, dried at 60 , are mixed with 2 
; grins, of slaked lime, and stirred in a mortar with 
20 c.c. of water. The mixture is diluted with 00 
c.c. of water and occasionally stirred during half 
an hour. ^To 51 c.c. of the filtered liquid (re¬ 
presenting 6 grins. of4mium) 5 c.c. of 90 p.c. 
alcohol and f 5 c.c. of etner are added, the.whole 
shaken, 2 grms. of ammonium c'Wantile then 
introduced and tli^: miiitnre again well shaken 
during half an hour. Aftd5- the lapse of 12 hours 
the morphine will have crystallised out. Decant 
the ethereal layer and filter i4 through a small 
counterbalanced paper. Add 10 c.c. of other, 
agitate gently, again decant and'filtor fhe 
'efbareal layer and then xjash the liHer paper 
with*5 c.c. of ether and dry. Now filter off the, 
watery liqma, keeping ^he morjihine in suspen¬ 
sion and finally wash with a saturated solution 
of morphiim in water. The crystals of morphine 
•are drild nfsi at 00° and then at 116° for two 
hours and weighed. 0*2 grm. of the crystals 
then dissolved in 10 c.c. of N/10 stilphuric 
a^ad* and titrated baAt with N/10 sodium 
hydioxide, usfcg methyl orange as indicator.' 
The weight of i^»jhydrou8 morphine as indi¬ 
cated by titration +0*061 grm. (correction for 
Io8.s) shcjuld 4)6 0*476 to,0*625 grm., i.e. 9*6 to 
10*6 p.c. 4 

for an account of other methods which 
h| ve been proposed, f. Allen’s Organic Analysis, 
4th ed. vol. vi. S 

For the estimation of luo^hme in tincture 
of opium (laudanum) the •following method 
may Ho emplpy^: 40 c.c. of Hie laudanum 
are evappratec^ to 10 o.c. on the water-bath, 
and the residue thoioughly mixed with 1 grm. 
i of calcium hydroxide, ^and dilutedi to 41 c.c.. 
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wth water. The liquid is then l^torod, and 
25 c.o. of the filtrate (representing the^samA 
quantity of lajWan'i^)*are mixed with 2'5 c.o? 
of alcohqj (90 p.c.),l6 c.c. of ether, and 1 grm. 
of ammonium chloride. The jnixture is well 
shaken and alio>#ed to remain fo» 12 hours. 
The crystals of morphine, whtch will have 


by a current" of air. The washings from the lead 
sulphide precipitate aje collected separately, 
gvaporated to a small oidk, and added to the 
main filtrate, which shmid then not exceed^ 
130 e.c. To this 20 c.c. of a 20 p.c. locution of 
sodium sahcylate are added, and the flask con* 
'laining* the niixlur^ c^orkod and shaken. A 


separated, are collected, with the precautions 1 |:^BU\oa8 pi’ccipit.ate sexiaratcs Waving a noarly 
described above f(fr the estimation of morphine 1 clear liquor, which is pissed through a#8niall 
in opium, 8 c.c. of ether being used to rinse the pleated filter, into a be^er containing a few 
content# of the bottle and 6 c.c. to wash the crystals of thebainc salicylate, to facilitate the 
ffiltef paper. Ailbr dryiii|^ finally at 116° and ! separation of this salt from tft^ filtrate, which 
■^oighi^, 0 2 grill, of the crystals isltitrated as i is well stirred to assist this oj»eratjon. After 
above. The weight of anhydrous morphine | standing over-n^h* the liquid is again passed 
indicated by titration -f 0*026 grm. (correction tlirough the same jdeo^ted filter and the tniat- 
for loss) should be ()*2376 to 0*2()25 grm., i.c. iii'^nt rcjjcatcd iflitil no furtlieia dcqaisltion of 

■solid matter takes place. The final filtrate and 


0*06 to 1*05 grm. in JOO c.c. 

Codeine CjgHjiOjlS'HgO Aists in Turkey 
opium in the proportion of about (**76 p.c., while 
in the Persian and Indian vanetics^he average 
is about 2*25 p.c. ^ 

Pie'}Xirahon. —The mixed hydroohlondJs of 
morphine and codeine, having been separated 
from opium by Gregory’s method (.see Pnpifralnm 
of il/orp/jiac^and the inorjihine jirecijntated by 
ammonia, tlir ali:alino filtrate, wlneh contains 
codeine hydrochloride, is evajiorated to a ^mall' 
volume and precipitated by pfitash. The 
codeine is purified by crystallisation from ether 
or from water. Codeine, being the methyl ether 
of morpliine, may bo jirepatvd from the latter 
by heating it with alcoholic soda and methyl 
iodide (Grimaux, Ann. ('him. 1882, [v.] 27, 
273; Hesse, Annalen, 1884, 222, 210), or by 
the action of potassium methyl sulphate on 
morphine dissolved in methyl alcohol. 

Propertici}. —Large rliombic crystals from 
water with IH^O, which melt in boiling water; 
small anhydrous crystals from etlier, m.p. 165°. 
Leevo-rotatory [a]j)—137*76° in alcohqi. »Slight)y 
soluble in cold water, iinire solublehot water, 
alcohel, etb^r, or benzene; sparingly soluble 
. in hglft ji^troleuni. The aqueous solution is 
strongly alkaline. Ckj^ldiie in a monacidic base ; 
the principal salts are crystalline and soluble 
in water. In physiological action codeine and 
its salts resemlble morphine, but aio less 
pipsonougj 

and cow.^/iVm/iotj. —Codeine is di8-,j 
tinguished from morphine by not giving the 
• colour reaction with ferric chloride^ and by*pro- 
ducing with nitric acidti yellow, an^ not a red, 
colour. Concentrated sulphuric acid does not 
colour codeine except after prolon^jigl syinding, 
but if a trace of nitric acid or fersic salt is addoa 
to the^ixture it becomes blue. For an account 
of the qualitative reactions of codein^ $m 
Marm6, Zeitsch. anaT Chem. |1885, 24, 6-^. 
The decomposition products of codeine ar^, for 
the most part, analogous tiiHthose of morphine 
(p. 714). . 

Estimation .—The iollowing processthas been 
devised by Andrews (Analyst, 1911, 36, 489). 
Dry opkim ^12 grms.) is exhausted by succoesive 
portions of cold watei^ tfie filtrate made uplLo*| 
100 c.c., and 2t) c.<ir of 20 p.c. lead acetate 
solution added, to rfmove lolouring matter and 
some narcotine. ••The mixtyre is kej^ over¬ 
night, then passed through a ^|tter paper in a 
Buchner funnel, and from 100 c.c. of flhe filtrate 
(10 grms. of opium) the^xe'ess of lead is removed 
.by hydrogfin sulphide, and thjp in turn r^oved 


washitigH, concentrated t*) about 10-15 c.c. on 
a watcT-bath, are Iran.sfciTcd wliile still warm to 
a glass separator (^io. 1), the waslmigs of the 
dish being jdacerl In a secDiuf separator (No. 2). 
The contents of No! 1 are washed with three 
aucc^essivo jiortions of etlier, eac|i jiortiun being 
in turn also used to wash tlic contents of No. 2. 
The latter are finally added to sojiarutor No. 1, 
and 10 c.c. of a 20 }).c. solution of caustic soda 
added, to keejj the moriilnne dissolved. This 
strongly alkaline liquid is extracted fdur times in 
snccoHSion with ratlior more than its'own volume 
of ether, each ])urtion of ether, al separatedj, 
being w'ashcd with 20-30 c.c. of water and 
finally run into a dry flask*containing anhydrous 
sodium sulphate to diy it. The dry ethereal 
solution of codeine is distilled in a flask down 
to a few C.C., which are allowed to evaporate 
spontaneously, when, as a rule, the codeine 
separates m well-defined crystals, and after 
drying can he weighed, the weight being checked 
by dissolving in excess «tf N/10 acid and titrating 
hack with N/JO soebum hydroxide, using litmus 
or mcthyl-oi^nge as indicator. 

Thebalne occurs in smyll quanftty 

(up to 1 p.c.) in opium, and remains in the mother 
liquor after the separation of morphine and 
codome hydrochlorides (p. 713).• It is pre* 
cipitatfd from this along with narcotine and 
papaverine by addition ammonia. The 
jirecipitate is dried #nd dissolved in boiling 
alcohol. On cooling narcotino and papaverine 
crystallise out. The filtrate is evaporated to 
fj^yness, the residue dissolved in acetic acid, 
and ihe solution dooolorifcaViih load acetate. 
From the filtrate, after removal of excess of* 
lead by hydrogen sulphide, thebajjie is pre¬ 
cipitated by adding ammonia. • 

Properties and reaelions .—Leafy of prismatic 
crystals, m.p. 193°. Ljev^-rotatory. Nearly 
insoluble in cold water, slightl'^oluye in ether, 
frery soluble in alcohol, chloroform, or bensene. 
Slightly soluble in aqueous alkalis. Thobaine 
is a monacidm base; the principal ^altt are ♦ 
crystalline and scjuble in water. The alkaloid 
and ifs salts are poisonous and exercise a teta- 
nising action, but are less powerful then ^rych- 
nfhe and its salts. Thebainc is coloured oright 
icd by concentrated sulphuric acid, it is con« 
verted into thebenine when warned with dilute 
acids, and is attacked by concentrated hjWro- 
cflloric acid, with the formation of morphothe- 
b^ne, isomeric with thebenine O^gH^jOaN. 
^lONSWriTTiON.—Thebaine is related some- 


wh*at closelj^ l-o i 


orphi^e and IIib methyl ether. 
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codeine, »B inspection of slightly extended ^(Siem. 1920, ii. 101, 

fo™uliforthetoe4kaloidB 8ho4s- hu.,...., bk..™ men 9.R8. 29BI: Freund 




♦Morphine. 
MeO 
M^O 


• Codeine. 


.fe 




Thobalne. ' 

When^odeino is oxidised by chrctnic acid the 
alcoholic hydroxyl group is converted into a 


iein#(Arch. Pharm. 1920, 258, 296); Freund# 
, end Speyer (Ber. 1920Ji 53, 226j; Skita (»6wl. 

11921,54,1660); Speyer anaSiehert fihii. 1619);,, 
I Speyer and others (D. R. P. 33814T); Ahst. 

J Chem. Sow, 1921, i. 124, 125,-684, 685, 803) 
Thebaine 'treated in aqueous^ alcoholic 
solution with excess tf molecular hydrogen, 
using colloidal metallic catal^ts of the platinum 
group, yields a base.CjgH^aOaN, crystallising in 
leaflets (from alcohol), m.p. 146^-150^; pro* 


thus— 

“no>C.,11„0-JJMo ■ 
• Codolnei 


carbonyl group ^ith the formation of codeinone, t oipita'ted from solutj^is of it% salts by so^iuni 

] carbonate fir ammonia. ContfAns one methoxyl 
Tj- /X xTTit ' group and has the churactc^of a ketone (I). K. 

1338147 ). When oxidised by hydrogen peroxide, 

j thebaine yiclfis methyl alcohol and a tertiary 
' base possessilie ketonic properties: this base is 
probably allied fr) codeinone which contains one 
oxygen atom^loss, whence it is termed oxy- 
codoinonc L^eund and Speyer, Munch, mod. 
Woch.^1917, 64, 380). 

Narcolinf Growp {Norcotinv, Onoficopine, 
JJydrocotarnine, Narceine). 

Narcotlne usually^cours to the 

extd?it of about 6-6 p.e. in .^la Minor opium, 
but in larger quantity in Indian and Persian 
ojiiums. Unlike most alkaloids, nareytino 
appears, as a rule, to exist in the plant in the 
free state, and not as a salt. 

Preparation .—If the opium is extracted with 
water in order to isolate the morphine, &c., the 


.C,,H,30-NMe 
CodelnoDO. *' 
On treatment with dilute acids both thebaine 
(Howard and Hoser, Bor. J886, 10, 1606; and 
Freund, ibid. 1800, 32, 168) and codeinone 
(Knorr, ibid. 1003, 36, 3(f74) yield thebimine, 
whilst with strong acids th^y furnish the isomeric 
morphothebame (Lc.). Further, hot acetic anhy¬ 
dride docompoies thebaine (Freund, tbtd. 1807, 
30, 1367) and codeinone (Knorr, lx.) in the 
following ways {rf. l^schorr, 8eydol and iStohrer, 
ibid. 1902, 35, 4400)~ 

Cf^ficinone 6-Mothoxy : 4 dl-l 
hydroxyphciiantlirene ( 

Theb<tine S : 6- Dlmethoxy - 4- j 
, Irj’droxyphenantlirene! 

Thebaine must therefore be tlie methyl ether 
of an cnolic form of codeinone. Accepting 


-fhydroxyethyl- 

methylamlne 


Pschorr’s formulation of morpliino, the three j narcotine remains un- 

alkaloids, codeme. codeinone. and thebaine, will •_ii.;„ „ii.„i,.;.i ir,o^x]iibio 


alkaloids, codeine, codeinone, and thebaine, will 
bo represented by the following lormula) in 
which the variable groujis only are shown in 
the last three (Ber. 1002, 35, 4382 ; 1005, 38, 
3160; 1007,40, J084: rf. Knorr and others, 

B)07, 40, . 

Ann. 1011 

32^8; 1010, 43, 2128). 

sCH, 

iKMe 


HO 

iw-ciir^ 
cri 


llO-CH, 

CH 


a 


\J\J 


iOf 

ICH, 


0 




BO'C. 


Me.O'C 




OrCr 

01/ 


(lissolvod, since this alkaloid is nearly insoluble 
in water. By exhausting the residue with dilute 
hydrochloric acid, the nareotine is removed as 
hydrochloride, and from the solution of this salt 
, .,.,.1 jo/.i \i/- I J I L' I • ' the base mav be precipitated by sgdium bicar- 

V, I;."! bonatc. and'crystallised froiti alcohol. Or the 

ill, dS2, 300 , hroifnd. Ber. 1J06, 3«, ; narcotlne may Iw cxtrKjtod from the opium hy 

boiliag it with ether; -icc also Hesse, Annalen, 
Suppl. 8, 284. ' f 

P-f/iwahon.—Nj).rcoUne is most readily esti¬ 
mated in opium hy drying the drug at 100° and 
then extracting a weighed quantity with hot 
, ether. From the ether aoluVon the alkaloid 
: may be extracted by repeated agitation with 
I dibite sulphuric acid, and may be obtained cl<an 
rby adding alkali and re-cxtr^cting ^'itb ether, 
ifoperlie^.—Prismatic trystals, m.p. 174°— ^ 
175°. Almoat insolubKfn water (1 in 26,000 at 
15% M in* 7000 at l(1l)°); soluble in alcohol 
(1 in 100 at 15°, 1 in 20 at b.p.); ether (1 in 186 
*t 16°)« afifi in benzene (J in 22 at 16°); very 
soluble in chlofoform (1 in 2‘69 at 15°); ||ightly 
soluble in amyl alcohol or light pett'oleum, 
(f^st^ves in lime or barytMi water, and slightly in 
aqu^usammo&ia. Lffivo-rotatory,[a]j)——186° t 
in alcohol (Hessu* Annalen, 1876, 176, 192), 
— 199*9° in chloroform (Perkin and Robinson, 

' Ohem. Sfc. Proc. 1910, ^6, 131). The solution 
! in dilute acids is dextro-rotate# y. Narootine is a 
■ feebje monacidi<j tertiary base; its aqueous 
'sq^ution is neutral^o litmus. The pfincipaJ salts 
crystallise with difficult^ their aqueous solu¬ 
tions are acid, and aye decomposed, with separa¬ 
tion of narcotin© when ovaptrated. The free 
alkaloiA may eYeii*'bo extracted from the aqueous 
solution of soi&e narcotiue salts by agitating 
with ether or chloroform. In larger doses than 
are necessary in the fcases of morphine and^ 


• 7;h 

Morp^li^J^6 (Pschorr), 


Codelnsk 


I 


* JO'' 

Meoi{ 


Codeinone (ketoform). 


MpO'G 

C. 

i 

0 
I 


\/\/ 


MeO-CK^f , 

Tliebsine (methyl ether ol 
eadcadelnoDe). , 


The nreciso configuration of the ^morphine 
molecule must still, however, be regarded as an 
opei question, and for further information 
reference may be made to a critical survey ^y 
F Foltis (Arch. Pharm. 1917, 266, 86), and 
Watt (Science* Progress, 1%09, 279). 
also Freund, Jlellwr and Sohlesinger (J. ^r. 





OflUll . 717 

^ codeine, nareotine and its salts exert a narcoti41 sium carboM-te, or by simply boiliag an alco* 

^ 4 ho4o solution of these^two substances (Chem. 

reactions yind jponsfituiton.—Concentratea ^oc. Proc. 1910, 26, 46^ Chem. Soo. Trans. 
•sulphuTia acid dissolves nareotine, and the \ 1911, 99, 77b; c/. Lieberlhaim, Ber^ 1896, 29? 
solution soon becomes yellow ;i on wanning a\ 184). Cotarnine had J;>een ptepaied’piipviously 


rapid transition o! difierent colours ft observed, 
the mixtifre becoming orange-red, blue, and 
finally purple. Nijpic Sid dissolves the alkaloid 
■with a yellow colour. 

•When heated with hydeiodic acid nareotine 
furnkh^ tliree molecular proportions of methyl 
aodioe and norri^otinc or 

• • c.,th.(0H)30.n 4 * 

The less energetic action of hydriodic acid pro 
duces one molecular proportion of methyl 
iodide, and dimelhyinornarcoline • 
C„H„(OCH 3 ),{OH)b’N 

or two molecular proportions of fncthyl iodide 
and melhyhioTmrcoiiiit Cji,lIi 4 (OCH|>(()H) 2 () 4 N. 

When heated with water in a closed iii^ at 
100 °, or by prolonged ebullition with water, the 
alkaloid is resolved into opuinic acid 
(:eH 2 {<^Me -^Me: (^OOH : ; 2 : 3 : 4) 

and hydrocot^iii^ 
(O.^IIasO^N+K^O-CioUi/),-! 
from which cotarnine (' 12 H 15 O 4 N results by 
oxidation (Beckett and Wright, (.’hem. f:5oc. 
Trans. 1875, 28, 583). Cotarnine is largely 
employed m the form of its chloride (.styptieiii) 
as an internal styptic (r/. IlydrashMue, Vol. 111. 
p. 532). 

Nascent liydrogen converts nareotine into 
meconin and hydroc-otarninc C^iHisOaN, and on 
oxidation cotarnine and opiainc acid [see above) 
arc formed, the latter by further oxidation 
becoming hemipime acid 
CelljtOMe ToMe ; COUH : t!OOH = ^: 2:3:4) 

On ‘exhaustive jjfbthylation ’ cotarnine 
yields* cotorr^ne Cj.H.jiOj, which 8 n oxidation 
.gives Botd^ic acta OioHjO,, and this with 
hydrochloric acid furmsbes tise motliylmcthylcne 
ether of gallic acid.* From these and other 
data Roser has assigned the following forraulie 
to cotarnine, h^'drocotarnine, and nareotine 
{Anualen, J 888 , 156, 108; 1880, 264, 334, 

36l; 18^*272, 221 ; <f. J^Veund and Becker,! 
0^36,-• ^ 


Ber. im 36, 1521)^ 


. 0 — 




CH (, OH. 


NHMe 
0 ^ CH . 


m (3 CH', 
CH, 

\o—t! 


MeO 


\/;v 

•c^dH 


iNMe 


'li. 


MeO 0 
Cotarnine. 

CHo-CH. . 

.0—C’AAcH, 

dk/ • 

^0 —Ca 

MeA - ?:h- 

Nareotine. • 


• Hydrocotamlno. 


M%OC 

/C. 


MeO-C- 


OTe 


0 —CO€' 


;CH 


y 


!ch 


The synthesis of nareotine hts beesi effected 
by Perkin and Robinson b^treating an alcoholic 
jiolution of«ootamine a&d meponin 


I with ^tas* 


Iby Sal’f/ay (Chegi. Soc. Trans. 1910, 97, 120^1 
^trom myristicin. T|ic substance actually pro¬ 
duced 4n Perkin and RobinsonVsynthesis is the 
alkaloid gnpacopine, isolated from opium by 
T. and H. Smith (Pharm. J. 1878, [Mi.] 9, 82; 
1803, [iii.] 62, 704), and which Rabe had sug- 
geatod (Ber. 1907, 40, 3280;* 1910, 43 800; 
Annalen, 1910, 377, 223) was dZ-narcotine pro¬ 
duced by racem!sa#ion of nareotine during its 
] isolation from opium.. Natural and synthetic 
Lgifoscopinea wer^ resolved by ciystallislng the 
5-camphor-8ulphonate into d- and /-nareotine, 
the latter identical with the natural alkaloid, 
by Perkin and Robinson (Chem. Soe. Proo. 
1910, 26, 46, 131)., • , 

Narceine occurs in opium 

to the oxteiit of 0*1 p.c., and is recovered from 
tlie mother liquors from which,morphine and 
codeine hydrochlorides have orystalliscd out, 
after the removal from these of nareotine, 
thobaiiic, and jiajjaverme (ji. 713). 

Properties .—(’rystallises from water or alcohol 
in prisms or slender needles with ra.p. 

170°, or 140° 145° (llLO) when dned at 400°. 
Spaimgiy soluble m cold water (1 inT286 at 13°]^ 
or cold alcohol (I in 946 of 80 p.c. alcohol), much 
more soluble in hot w'atcr or hot alcohol. Some¬ 
what soluble m auu.nonia and alkalis. Optically 
inactive. Narceine has no marked physiological 
action. It is a monacidic base and forms well- 
crystallised salts W'lth acids. It also behaves as 
a rnonocarboxylic acid and forms a series of 
salts with metals (potassium-narceine 
’ C^aH^.O^NK 

rosettes of needle?), and yields esters with 
alcohols (naifoine ethyl ester liydrochloride • 
C, 3 H,e(CJ[,) 0 ,N,HCl * 
is crystalline, ni.p. 206'’-207°). Methyl iodide 
reacts with narceine to form narSeine methyl 
ester Aothiodido t^, 3 Hj,e((-'Hj)()gN,CHal, m.p. 
193°-194°. 

Reactions and corMitution .—Narceine gives 
with chlorine water, followed by ammonia 
solution, a blood-red coloration. Its con¬ 
stitution IS established by fact that it can 
be p^pared by heating nft'cotinemcthochlQfide 
with alkalis. According to Freund this change* 
takes filaco as shown by the formula at top of 
next page. ' • 

The chief papers relatii^g to narfieine are: 
Pelletier, Annalen, 1832, 6 , 163; Anderson, 
ibid. 1863, 86 , 182; Hesse, ibid^SISi 176, 198 ; 
Closer, ibid. 1888, 247, 169; Freund and 
collaborators, ibid. 1803, 277, 6 ; Ber. 190^ 42, 
1084), • , • • 

• • 

Papaverine Group [Pa^averintt Laudanosinet 
. tLaudaninCt &o.). » 

^ Papavyine CjoHjiO^N. Tbis^ alkaloid 

separates with nareotine as described under * 
thebaino (p. 713) and is separated from it* by 
conversion into the acid oxalate, which is 
sparingly soluble in aloohol, that af nareotine 
hpmf reaijjly soluble? * * 

yrop€rtiea.»—Pri 8 matie cryst^Js, m.p. 147®. 
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MeO< >-(H* 

• MeO CH t 

. (h» r! 

' ‘jcH, 


, CH, 

Narcotlne methochloride. 


onufA. 

Meoao- 


)®-0 

”>>-(? 

.•-/ 1, 


MeO 00 OH 




0 — 

oil, 

Intermediate product. 


Very alightly soluhlp in !iot (fr cold water ; easily chloric acid it furnishes rf?-^-methyltetrahydro- 
soluhJe in hot aleuhol, crfiloro^rin, or henyei^e. papaverine, m.p. J16°, and this on crystallisation 
Optically maelivo. A numaekhc bas<' which ♦ of the quiuatet separates into the and i-bases, 
forms crystalline salts. It is niildlj' soporilic in ! the former identical with d-landanomie 

action. l which oecurs in opium. It crystallises in 

Heactions nud con-shiuhov .—Sulphuric acid needles, [alj)4-103” m alcohol and 

dissolves impaveniu m the'cold witliout colont-1 coiitiims foUv -OMe groups. Haudanosino is 
tion. Comniorcia! piipavwnne gives n, violet | mor, jniiiBonoiiR tliaii papaverine, and rescmliles 
coloration due to tiio presence of cryptopine i tliebaiiie in ]>by.siuIogical action; it exerts no 
(p. 719) (Ibctct and Kramers, Her. lilUi, 43, i narcotic ofTcct (Ibclet and Atbamisescu, Ber. 
132!)). With sulphuric and iodic acids it gives ! KKio, ;);j, 23411). rfi-Laiidanosme is iilso'formod 
II purple coloration ebangiiig to green. j when In mini: me (!..„H,sOjN, crystofe, m.p. 168°, 

Nascent hydrogen converts papiiverme into an iilhiiloid occiirrlig in opium, is 

a dihydrid4( layman Cheni. Soe. 'rraiis. litOii, !)5, , methylated, so that it apiicars to be the methyl 
I8I0J, Wheu heated with concentrated hydiiodic | ^t^or of laiidaniiic (Hesse, Aiinalen, 1894, 282, 
acid It furnishes papaverohiie t i.HijOiN, j opg . j . 1902, fii.] 05, 42). Synthws 

togetlier with four moleeiilar iiroportioiis ot „f laudaiiosme have been eilected by I’lctet and 
methyl iodide, from Mihieh It IS mfenedtliat four pjaUlstem (Compi., ivnd. 19(19, 148, 

raethoxyl groujis arc present. 025) and by Giidaiiier (Arch. l-harSI. 1911, 249, 

()n oxidation with permanganate paiiavemie oho ; cf. I’seliori, Her, 1904, 37, 1920), so that 
yields a large number cf products, tlie principal constitution of the alkaloid is now clearly 
being veratnc acid, indatHnupviK or di- established_ 


methoxy-iy-phihaUc netd C«ir2(0(df3).^(CK)gJl).j, 
pyridine’Oi^y-iricdrhoxyUc acidf and papuvrral’ 
dina. According to i^obson and Perkin (C^cin. 
iSoc. Trans. lOIl, 09, 135) ]iapaveraldine [nee 
below) is identical with xunfimhnt:, an alkaloid 
iaolf-tcd from opium by T. and IJ. Si* ith (Pharni. 
J. 1803, [in] 62, 703). 

When fused with alkali pajiaverine affords 
verairic aetd^ together with dimdhoxy-’i^f)- 
quinoline. * 


MeO^\/'^,lI. 
Me()( I' jNMe 

♦ Laudanosine 


OiMc 

Qm. 


Oxynarcotin C22 Ho.,OhN, sepafatoft by . 
Beckett and Wright ((liepi. Sue. Trans. 1870, 
29, 401) from im]>ure narceine. It ditlers from 


From those and other results Golds^limiedt narcotine in yielding cotarnine and lienupinic 
(Monatsh. 1883, 4, 704; J886, 0, 372, ()(i7, 'acid instead of cofarnine and^piaiiic acid, on 
060 ; 1880, 7, 488 ; 1887f 8, 610 ; 1888, 0, 42, j oxidation with ferric chloride. , ^ 

327, 349) has concludiid that pajiaverine is telra- j# 'Laudanlne Hosse (ik fr. Chem 

methoxybonzyhsoquiuoline, and this constitu- ' i00l^,[ii.] 06, 42) states th%t this base contains 
tion has been estabUshi'd by synthesis of tli^' three mctho»yl and one hy^koxyl groujis, and • 
alka^id {Pictet andljams, (Jompt. rend. 1900, j yields a mif:ture of lawknine methiodide and 
*140, 210). r-laudanosine on treatment with Tnethyl iodide. 

TH—V * Gives prisms, m.p. 106® from alcohol; 

CH ^OMo ?>pticaily inactive. 

\ * / \ / t.yo-Laudanine is isomeric with lautanine, 

/■ \ OMe i wd was prepared by Pictet and K^ramers 

\. • / # ^ (Arch. Sci. phj^s. nat. fl503, [iv.] 16, 121) by 

OMe 04Me •; reduction of trimfethylpapaveroline metho- 

Papaverine. chloride with tin a*** hy^ochloric acid, m.p. 76®. 


r-laudano8ine on treatment with Tnethyl iodide. 
• Gives tjimVfic prisms, m.p. 106® from alcohol; 
JJ / Optically inactive. 

/ \ / t.yo-Laudanine is isomeric with lauAanine, 

OMe i wd was prepared by Pictet and K^ramers 

i (Arch. Sci. phys. nat. fl503, [iv.] 16, 121) by 
•; reduction of trimfethylpapaveroline metho- 
chloride with tin a*** hy^ocfiloric acid, m.p. 76®. 
HCN ^ _ j Laudanidln* GjoMjjOjN is also isomeric 

lawdanfeie, which «it closely resembles 


^ \^/ ^ (Hesse, Amialen, 1894, 282, 2(^); it is separated 

/ \ , OMe ther*from by frtJbkfonation of the n^ixet^ hydio- 

’ ‘ctforides and is ^ro^bly Maudanine. It 
MeO OMe . , melts at 177®, and has in chloroform. 

PapaveraUlnetxanthalinel. Codamine C„H»jOjN,* hexagonal prisms, 
Reference should also be made to Pyman m.p. 121® from either. This iTkaloid is strongly 
and Reynoldn (Chem. Soc Trans. 1910, ^/, alkaline, contf^ns two methoxyl and one 
1320); and ryman (t6t(f. Ifil6, 107, 176). * hydroxyPgroups, is soluble in alkalis and its 


/\ . OMe 

MeO OMe , . 

Fapaveraldlne (xanthalinel. 


Laudanosine CnH.,0.: 


methoohlorid© <8 reducfd with tiK^anu liyi 


lavdrii^' salts are amorphous.* * 


Pstudopapave^ne C2iH2i04N, separated by* 
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Hesse (J. pr. Chem, 1903, [ii.] 68, 190) froml Rheageninet rectangular leaSets, m.pi, 223®, or 
oommeroial nanav^rinA than whioK if {□ 236®-237® (Pavesi). • 

kydroxycodeine 


commercial papaverine, than which it is Inuc] 
more soluble ii^bold M alcohol •! 

Papa^ramine was also obtained^! 

in a similar manner by HcBse Colourless 

prisms, m.p. 128®-129°. • 

Protopapaverine CuHjpO.N, likewise iso¬ 
lated by Hesse (tjid.)* Yellow leaflets, m.p. 
260® (deoomp.)» sparingly soluble in alcohol 
fMeconldine C 21 H 23 O 4 H# according to Hesse 
(Ann^lflt, 1870^163, 63), may be fractionated 
drom the mixed j^ium al^j-loids which remain 
alter th# separation morphine, ccHeine, the- 
baino, narcotino, and papaverine. 11 bas ni.p. 68 ", 
and is readily soluble in alcohol or caustic soda 
solution. * 

Lanthopine O^sHgjO^N, in.p| similarly 
obtained by Hesse {ibid .). It is sjiarmgly soluble 
in chloroform and insoluble in alkulis. 

Protoplne C 2 «Hjj 05 N is also Jiuown as 
Macleyinf, and although first isolated bj^l^^sRe 
from opium is also found in other plants such 
as Maclcya cordata, Chelidonium majvs, etc. 
It separates from chloroform and alcohol as 
monocliaic ciw^tals, m.p. 208®. 

CryptopIn^Ojji^r^aOjN was discovered* by 
T. and H. Smith (I’harm. J. 1867, 27, 695, 'nO), 


[Neo]^) CijHoiOiN was 
^parated by T. and H. efciith in tjje form of* 

, hydrobromide from fii^l opium motherjiquids. 
iHobbie^and Lauder (Chem. Soc. Trans. 1911,*^ 
r^, 34) showed thatjt contained one methoxyl 
1 qj-oup %,nd was a tertiary baae. Its colour 
1 reactions a^d absorption ^pectrum are similar 
' to those of codeine, with wliich it may*be closely 
related; but it is not identicaj with Ac.h and 
Kuorr’a (Her. 1903, 3fi, 3067) hydroxycodeine. 

In addition to the foregoing alkaloids, opium 
contains also certliif neutral compounds. These 
are : MeconlD, discovered by Dublanc 

jifAnn. Chim. (ii.]'49, 6 ), but mtf^e cortft>Ietely 
studied by Couerbe (Annalen, 6 , 180); it is 
also produced, together with hydrocotamine, 
by the reduction of nurcotine. Meconin crystal¬ 
lises from water in^pAsms, mj>. 102 °, and com¬ 
bines with alkalis ti* foiin sails of meconinio 
acid, of w’hieli it is the lactone: its constitution 
IS represented by tlie formula— , 
(\H,((>Ma) 20 IT 2 -C (>0 

L _ ,1 

\Hcesert, Her. 11, 267). Mcconolsln C 8 Hi «02 


J-. auu n,. oimiu \ i narm. J. lou/, ouo, no;, i j>ci. ii, ^oi). iTiwoiiuisiii 

and crystallises from alcohol in jirisms, m.p. j was isolated by T. and H. Smith inline mowier 


218°* The salts form jellies which gradually 
crystallise •on long standing. W. II. Hcrkin, 
jun. (Chem. Soc. Trans. lOlO, 109, H16; 1919, 
116, 713), in an exhaustive mvcstigation deduced 
the subjoined constitutional formula for crypto¬ 
pine (1) and protopine (II);— 




( 1 ). 


CH, I 
CO NMe 


Z'' 

OIIj 


OH, 


i 

0 




rt- 

CO NMe 


ch.<3 


an Cl 


/CH. 

(3h, * 

Tritopine C, 2 H,, 0 ,N„ iractionated from 
admixture with the two foregoing alkaloids by 
Kauder (Arch. Pharm»1890, 228,*ll9h Gives 
needle-like •platee,*h.p. 182°, from alcohol; it 
is. ' ^ ' 


_I proportioj 

by Hesse (innalen, ]«64-5, «uppl, 4, 60; 1866, 
140, 146; 1869, »9,»36) hoxa^Papaver fhaeas. 
It crystallises in colourless prisfis, m.p. 232° 
(deoomp.), 246°-247° accordiflg to* Pavesi 
(Chem. Soc. Abst. IBje,' 111.] 483). When 
treated witSi strong acids, convertcc^ into 


liquor from the preparation of mcc^miii; ^t is 
crystalline and has m.p. 88® (Pharm. J. [lii.] 8,® 
98J). Opium also contains^from 3 to 6 p.c. of a 
characteristic acid, Meconlc acid C,H 407 , 3 H 20 , 
hitherto regarded as the trihydrato of 3-hydruxy- 
4-pyrone-2 : (Idicarboxylic acid— 

COjH-C—0—C-COaH 
II II 
HO—00—COH 

but it has recently been shown (W. Borsche, 
Her. 1916, 49, 25'^) tliat on reduction wdth 
hydrogen in ^presence* of colloidal palladium 
this body yields a/Syc-totrahydroxypimeUc j^d 

CO2n-CH{OH)-(JH(OH)-CH(On)-CHa-CH(0H)-CO8n 

from W'liich the conclusion is drawn Jhat meconic 
acid 18 not a pyrone derivative but is really an 
open-clmin compound of the constitution 
aO2H-C(OH)j'CH(OlSJ-0O-0il,-C(OH),-CO,H 
This view, however, should be accepted with 
reserve, since it is at variance with experience 
ai> to the possibility of tw<>J;iydroxyl radicles 
being^ attached to a single carbon atom. •• At , 
100" meconic acid loses its water of crystallisa¬ 
tion, ohd between 120® and 200° it 4)reak8 up 
into carbon dioxide and comenic acAd, 
while at still higher terarieratures a further 
molecule of carbon dioxide is removed and 
mromecontc acid, C 4 H 4 O 3 , {ll)ak>emafti 8 

HC—0—C'COaH HC—0—CH 
1! ,11 I! ]!• < 

HO-O-CC^U-’H HO'C—CO*-CH 

V (I) ■' (II) 

Borsche (ttirf.) demonstrated that when these 
tWb bodies are* reduced, the pyrone briffge is 
r^t brokeq and the end-products of th%reactioii 
are pentamethylene oxide derivatives. Hence 
it would appear that they* can hardly be*re- 
gflftded as constituted analogously to meconic 
a^. ThebolacUc acid* of T. ayd*^. Smith 
(lna«m. 7,,60yha8 been shown bv Sten» 

I houle and Buthanan to be ident^al with lactic 
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pVlXfA, 

acid, but nt ifl poaaibly not an original con- lliction (Andr6, Compt. rend. 1921, 174, 1399 ; 

Btituent of the poppy-juice. , MbstActa Chem. Soc. 1922, [1] 209). 

— - • ^ ..... r m rru^ 


The leas iiuport^t constituents of opiunj! 

I'epresent ^6 p.c. of^ita weight. Water varieh ' 

|rom 10 p.o. in Per8ia% 12^ p.c. in Benares, 
to 30 p.c. in certain kinds o<, Turkey,opium- 
About 40 or 50 p.c. of opium consists of indefinite 
gummy matter together with pectin, (Mbumif 
and insoluble debri% the last oyisisting of 
fragmont8*of capsules, wax, (!a(mtebouc,'oalcium 
salts, &c. He88e^tate8(Ber.3,C37)thatthewax 
is a mixture of oerotyl palmitato and ocrotyl 
oorotato. On ignition, opium leaves 4 to 8 p.c. 
of ash consisting chiefly of*Ruiphate and phos- 

plmte of calcium ami toppy 1“^, ...... vu... .u.i,. c...., 

contaiiSf no 8t,*ch or tannin, so that the presencoj j2|| The leaves of the bitter orange 


of these bodies in opium may indicate adultera¬ 
tion. (For further information on the opium 
alkaloids, reference may be made to Henry 
The Plant Alkaloids, J. anft 4. Churchill.) 

, II. E. W. 

OPOBALSAM V. OLRO-UEsn^s. 

OPODELOaC. Liniment urn Sa pomifo-cd m ■ 
phornlum. A solution of soaj), camphor, and 
volatile oils in alcohol, used externally in 
rheumatism, sprains, &c. 

OPOPMAX or OPOPONAX V. CUM-UESINS. 
OPTOCHIN. Syn.forETin^YDiiocurREiNic. 

CrAANGp. C-Urus Avrantium (Linn.), 
e Many varieties are known, differing in size, 
shape, colour, flavour, and other respects. 
Koiiig gives as the average of a very large 
number of determinations— 


e propel 
Flesh 
71 0 


Pips 

1-2 


The characteristic flikour ofVTangea is due 
to the sugar, free citric and malic a^ds, and 
essential oil which they contain. The last- 
montionedis most abundant in the rind (v. Oils, 
ESSEN TiAii). The non-protein nitrogetfbus matter 
of oranges consists chftfly of asparagine and 
glutamine (Scurti and de Plato, Chem. Zenhr. 
1908, ii. 16, 1370). • I 

The fibrous, insoluble, inside poifioi^ of 
Japanese oranges wq^ found ^ contain— • 

Water Protlln Fat Galactan Bsntosau Cellvftose AA 
12’16 6-27 1-28 18-91 27*72 32-61 2'15 

(Bahadur, Bijl. Coll. Agr. Tokyo Imp. Univ. 


Mean wt. of friUt. 

In grams. Kind 

188-4 27-8 

The flesh contains— 

Water Protein Invert sugar Cane sugar Citric acl^ Ash | 
84-3 1-1 2-8 ^-9 1-4 0-4 | 

Tly juice contains— ^ 

Total Jnvert Cane Citric 

extract sugar sugar acid Protidn Ash 

13-0 4-1 5-0 1-4 0-4 0-3 | 

The following figures were obtained by 1 
Farnsteiner and iStuber (Zeitsch. Nahr. Gfnuasm. i 
1904, 8, 603) fronuthe examination of the juice , 
of Valencia and Messina Crangoa:— I 



Valencia 

Messina 


oranges 

oranges 

Sp.gr. at 16° t 

1-0464 

] -04^1 

„ after uoilftig 
, Grams per 100 c.c.— 

1 -0466 

f 0456 

Total solid#, dried at 100° 

10-92 

>9-85 

Citric acid (anhydrous) . 
Total sujar (as jnvert 

1-79 

1-47 

sugar) 

7-66 

7-86 

Ash . • . * . 

0-62 

0-52 

Nitrogen 

Polarisation in 200 mm. 

0-099 

0-075» 

tifoe, (^irect 

-O-V” 

+2-46° 

Polarisation in 200 mm. 

( 

-5-06° 

tube, after inversion . 

-s-ie' 


{Citrus mhiatim [Risso]) contain stachydrine 
(.lahns, Ber. 1^90, 20, 2065). Dried orange-peel, 
softened with acetic acid and boiled with water, 
yields aboA 8 or 9 p.c. of Imvulosc {Bauer, 
Lain^w? V’ersuchs-stat. 1894, 45, 298). H. I. 

ORANGITE. An orange-coloured variety 
of the mineral thorite {q.v.), occurring as tetra- 
gfinal crystals and irregular masses, occa'sionally 
a few ounces in weight, in the aiifitcsyenite of 
4 soulflhern Norway. It was described and named 
by C. Bcrgemann in 1851, and believed by him 
to contain a new clement ‘ donariuiu.’ .The 
identity of the mineral with thorite has long 
been recognised. t. J. B. 

ORANGE, CHROME, v. Chromutm. 

ORANGE, CROCEIN, v. Azo- colouriko 

MATTERS. 

ORANGE FLOWERS, OIL OF, v. Oii^, 

KSSENTIAL. 

ORANGE,GOLD,r’. Azo- ooloueino matters. 

. ORANGE LEAVES, OIL OF, v. On.s, essen¬ 
tia 7.. « 

ORANGE M ; ORANGE, MANDARIN ; 
ORANGE, METHYL ; 'PRANGE, NAPHTHOL, 

V. Azo- GOLCfUrilNG mattors. , , 

ORANGE OCHRE. Burnt SofrtaTk ochre ^ 
V. Figments. , « 

ORANGE OIL v. Oius,' essential. 

ORANGE, PALATINE, v. Palatine orange 
ORANGE RUSSET. Bnbenst madder v. 
Pigments. 

• ORANGE, SALICYLIC, v. Salio^k ach?. 
ORANGE YELlOW ^ Azo-, oftLOURiNa 

MATl^RS. , , . 

ORCEII^ V. DrctwoL«.art. Phenol and its 

HOMOLOOUES. * 

orche;u.a we 

• ORChID^t;. By 

- 


WEED V. Ahohil. 

. Byn'i-hetio drugs, 
orchil V. Archil. 


«i ORCHIL SUBSTITUM v. Azo- oolLueing 

JlATl'ERS.' , ^ 


BRCHIPIN V. Synthetic drugs. 

ORCIN V. OrciiAi, art. Phenol and its Komo- 

LOOUES. 

ORCINOL^v. Phenol .and its homologues. 
ordeal bean. CaUtbar Bean, Phyeo^ 
. stigrfMis semiwt, 3. P., Pkmoaiig^, ,U.S. P., 
When oranges, cut in halves,'are kept under ^Efieri Nut {Fhe <k Chl<^r, FV.; &alabarbokne, 
sterile ccyulitions they undergo a slight loss ip | (ler.). The seeds of the veTtenoeum 

weight, which is accompanied by a marked loss ! (Balfour), a climbing plant,•inhabiting the banks 


in ficidity and a sKghter diminution in sugar 
together with inversion of some of the sucrori. 
These cha^jge^ are not eatirely duo to oxidation, 
as they proceed to a less Extent in |j vacuum. 
It is probable «that there is also some diasthtic 


of the^Niger an«^ Old CaJabft rivers nea* their 
mouths, in Western Africa {d, BentLa. Trim. 
80, and, for an 9.lliedspecies. Holmes, Pharm. J. 

1 lii. ] 9, 912). The plant' has a woody stem, and 
ascen^ to a height of ^fty feet, Ttte seeds are. 





OBDIA 

eMjedingly Misonous, a property kJowa to tha 
natives m fee neighbourliood ol the G|itf o1 
Ga^ea, by w^m they are administered as ar 


j BEAN. tfi 

fuming nitrio acid and evaporated dryness 
11 at 100° leaves a green,reaidue. Similar colour 
II reactions take place "^th bromine water, 


Guinea, by wMm they are administered as aif reactions taae piace ™a Drommo wo«:i, 
ordeal to be Undertone in ca-ses of susfieoted 4iolyb4ic acid, titanium oti<ie, etc. (^Keiohaid» 
witchorSt. Danid, about 1840, introduced Pharm. Zentral-Halle, 1009, 50, 375). ^alis 
ordeapbean 'into* Europe (N. Ed. ^harm. J. I in the absence oLair afid strong acids hydrolysw 

40,313). . • „ . xi. ^ 

- .C,«H„0,N, 18 the 


PhysosUgmlne (eserme) 

^noipal phyaiaWgically active constituent; 
tnis alkaloid acts on plain rausolo and glands 
like ’jiilocarpine ana sftnilarly antagonises 
^trofine (u. Cushn^ J. Physiol 19J0, 


-iCm. 

tion ortl 


4 io^. Thu 3 *phy 808 ti^ine causes contrac 
ortho pupil, ■w%once its use in ophtbalmio 
medicine. It is also given in tetanus, in strych¬ 
nine poisoning, and in veterinary practice as a ^ 
hypodermic purgative. Although #rery poison¬ 
ous, the alkaloid is tasteless. • * 

Physostigmiue is extractei]^ from the 
powdered teods by hot alcohol and the alcohol 
is distilled off. The residue is liix^ with 
sodium carbonate and repeatedly eArJ^ted 
with ether; the ether is shaken with 5 px. 
sulphurjo acid in successive portions until the 
aqueous solution is just acid. The neutral 
solution of m sulphate so obtained crystallises 


lanii. zjeiiutti-jiittiio, ^ 

Lu. the absence o^air and strong acids hydrolvs# 
’♦serine•to a phenolic base cseroline CijHjgONj, 
m.p. l^O^’, [a]p=—1*7® (from ■H^ichrubreserine 
A derived by oxidation)^ The otlier products 
of the hydrolysis are carbon dioxide aAd methyl- 
amine, and conversely eserolino is reconverted 
in ethereal solution by raethyrearbimide and a 
trace of sodium to eserine (Polonovski and 
Nltzberg, Bull. Sftc.®him. 1916, [iv.] 19,27) 


solution ot sujpnace so ouKuneu jmuowi,)^ , , , 

on evaporation Wetit, .1. 1‘harm. Ohim. fiv-l U)l. 36<); 400. 3J2). who disblkd ^ 

- . _ ‘ 11 ..if riD/iT-r. iniiim <MYrhnTin.f,i> in ft liiffii vdcuiim anc 


14, 255), but as the sulphate is very soluble, it 
is bqttor to add a concentrated solution of sodium 
salicylate,^when physostigmine salicylate sepa¬ 
rates as a crystalline powdei (Salway, Oheiri. 
iSoo. Trans. I'Oll, 9i), 2150). Vnnn the salts 
the free base is obtjiined by shaking with ether 
and sodium carbonate, and is crystallised from 
benzene and light petroleum (Jobst and 
Annalen, 1864, 120, 115; V6e, J. 1865 4^0; 
Hesse, Annalen, 1867, 141, 82; P^tit and 
Polonowski, Bull. Soc. chim. 1800, [n].] 9, 
1008; Orlo#, Cbcm. Zoit. 1897, 1214; balway, 
teX 


Eserine is therefore the methylurothano of a 
phenol. The corresponding phonylurethane 
{]fhi;vr.oerine) and vaijous other derivatives havo 
been prepared by Toloiiowsld (Bull. Soc. chim. 
1016, [iv.] 10, 46). The constitution of eserine 
has been further investigated by Salway (Chem. 
Hoc. Trans. 1012, lOI, 978), wlfo obtained by 
zinc-dust distillation 2-incthylindole and a liltlo 
J-methylmdolo, and by iStraus {Annalen, 1013, 


iiH-r, -^ 

oserolinium carbonate in a high vfieuiim and 
obtained physo4i{fviol m.p. 493®, 

apjiarently a Bz-hydroxy-l’r-dimefrhyl indole^ 
One of tile methyl groups is attached to the 
nitrogen atom ; instead ^ the other a vinyl 
group was to be expected, so that the Hofmann 
degradation does not proceed normally and wo 
remain in ignorance about one carbon atom. 
Eseroline, according to Straus, has two N-inethyl 
groups, and since in its formation from cserino 
methylannne is split off, all three nitrogen atoms 
of tie original alkaloid have a methyl group 
attached. For further work on the constitution, 


Soils.—-mv •'—V — i 

in the B. P«the .sa/teyfo now th^only one m I umw amoiuius 

theUSklS Thotormor,Bj'HjSO.,3:H.O,forms I y%4os(i)7mn seeds only m small Quantities , 
oolouriess needles, m.p.^30^151°. very soluble , they are apparently more or 
. I .1 _i Uaa Qr\ in ' fn AflAnnf=!. (4t‘nf‘scrinc (.'.»H.nUiiN«, m.p. Uo — 


attached. j?'or lunjiier wofk on uitj cuuoi.ii/ui/ivu, 

■The aulphatejia the only Hit official I cf. StedmanJChem. ^c. Trans. 1921, 119, 

- .. —.xi.4— 1 ,, an I Othor autalolds have been isolated from 


(1 Tf “w'af 23°r 1^0 salicylate B€,H.O, | 129°, was extracted by i'olonovsJa anO ivn^^^^^^ 

Jorms aciraUr o^stalsrm.p 182^°-183° ; 1 gram (Bull. *oc. chim. 1913 [iv.] 17, 244) with ethe^ 
diswilves in 75 o^. of water, in 16 c.c. of alcoliol, i after soaking the drug ifi 2 p.c. sodium 
in*6 0 0 Of chloroform, and in 250 o.c. of other ' hydroxide; they obtained as much as 0 1 p.o. 
Lt 25° lifto in 16 c.c. df wafer at 80° and S^c.g.* This alkaloid contains one oxygen atom more 
of ho’iline alcohol *(11.8. P.). Ike bcMoale \ than eserine, to which it is reduced by zmo- 
B-r H 0^ mn. 116°-U6°, dissolves in 4 parts' iftistaind acetic acid, and»fj« sulphurous acid. 

oficold‘wat6r’,thepic.roiemelt8atlf4°,andthe|Oenc8crinc-ha8 no myotic action, and giVss &• 
mercuri iodide B'HI.Hgl., crystallised from ! series, of derivatives, containing one oxyj^n 
•alcohol, melts at 70®. No doamte*5unfhlondo» 
or pla^nichloride is known. 

>rc!.ertie».—Physostigmine .is diniorpho^ 

(Salway) forming un**ble 
87°, end more stable on,8, nfp- 1^6-IpO , 

[a] =—75'8° to —82° in cljjgroform, —120 in 
benzene. It is only very sligbay eoluble in 
water, giving a solution stronglj altalme to 
litmus. On expofcfo to air, particularly when 
moistaqd in the presence of ^h^ 
changes first to nifiraieme ija 

needles. By evmoralmg with ammonia on the 
water-bath it bMotass red,green, and finaUy a 
true dye. esefinfhlme, is 
Verb. Ges. dent, Naturf. Aerz^^893, [n.] 102), 
which, according to Salway (C»m. Sw. Trans. 

1912 lOT. 986), has the epinposition 
^ cr^tal (Jt the alkaloid dissolved in a <||op of 

voL. IV.—r. 


-nffiroforin, l4s so'' in ether ' to eserine. Oeneserine G,.Hj, 0 ,,N 4 , m.p. 128°- 
Tho salicylate B'C.H.O, I 129 °, w.^s extracted by Monovslu and Nitzb^^^^^ 


atom more than the corrcsponijing eserine 
derivatives, e.g. with alkalis gtneseroline 
C.jH.gOjNj. It is romaikable that such a 
relatively abundant base has not beQp observed 
before; its discoverers rejei^ the suggestion 
that it IS formed from cserino during extraction. 

Physrmenine C.iHijOaNj, m.p. 123°,«was 
found'by Solvfay In minute quantity* it may 
be wtitten (C„H;,N,)00C0H, and is therefore 
the hydrogen carbonate of tho phenol eseroline, 
and an interniQdiato stage in the hydrolysis of 
eserine. It is powerfully myotic aq^ a very 
fteble base. Whether it is presort as such in 
the seeds does not seem ahsolutely certain; os 
Salway submitted his extract to steam distilla¬ 
tion. Eeeramim C,,H,,0sN4, in.^^38°-^°, 
Jlsjouni by Ehrefiberg (i.c.) atdTjy Salway 
(mlii. 24?), hut the amount pree|nt is so minute 
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that the Jatter did not obtain eiK)i^h for i 
analysis. A’flertdiue CiiH^gOjNa, m.p. 132°,' 
is said to be a constituent of calabar be^ns 
^oehrincer nnd Sohul, Pharm. Post, 18§8, 21* 

663), and ^as also obtained by Eber (Pharm. 

€eit. 1892, 37, 483) by tne action of sulphurous j 
acid on cserine, which reagent would, hdwever,^! 
hariy cause thefiimple hydiation impliedly the 


above,iormula. (Tfie composition and melting^ 
point of esiiidine approximate clos^y to those 
of geneserine given above.) Eseridine lias been 
proposed as a sulistitute for esorine on account 
of its milder action; tho chief drawback is a 
greater effect on the heart# Ihe substance is 
neutral to litmus, and becomes yellow and 
dirty gfecn wiCh alkalis? but*hot red. Wifii 
aqueous potassium iodalc a brownish-red 
colouring matter is formed, and in tho preaenco 
of acetic acid iodino is hberatod. J^opkj/so- 
etiqvtine. (Ogui, Apoth. Zoik ilM)4, 19, 981) and 
calabarine (Harnack and VV'itftowaki, Arch. exj). 
Path. Pharm. 1870, 5, 497) arc very doubtful 
constituents of the beans. The latter seems to 
be a mixturei*of deeniupusitinn products of 
csenne by alkalis, with a stiyehnine-like action, 
antagonistic to tliat of physostigniinc. 

Ammini and efftnnation of alkaloids in 
Calabar he^m .—Carr and Reynolds (Pharm. J. 
1908^ [iv.] 26, 542) found a great variation in 


[lined in ahnatto, which is derived .from the 
pit (fbpsules of Bixa OreUam (Linn.). Soluble 
\\ water and alcohol. % ^ 

OREXIN. PhenyldihydRiqumazoling 

■ ■ ■ 

CHj 

used as an aperitive. ^ 

ORICHALCUM. A for^a of brass <n dse' 
among tho ancient Greeks and Romans. 

ORIDINE., An alkaloidal substance dis- 
|*covered by Hofmeister in rice polishings which 
showed antine»T4tic activity, becoming inactive 
on purification. Said to be isomeric with betaine 
and.valine, anfl to be related to tho pjtridine and 
pijicridine ^oups. 

ORIENTAL ALABASTER v. Onyx-maeble. 
ORIENTAL EMERALD, ORIENTAL 
TOPAZ V. COKCNDIIM. 
j ORIGANUM OIL t’. Oils, essential; 
j ORIOL YELLOW v, PiaMUij*iE aIid rrs 

pIEiaVATIVES. ‘ 

i ORIZABA JALAP ROOT v. Resins. 

! ORMOLU V. Mosaic oolii. 

ORMOSINE, ORMOSININE. laomoric alka- 


thc alkaloKlM content ol comTaeroml specimens |, UHmoMnn, UKrausiBinr,. laomenc ai 
of the drug, namely, between 0'()4 and 0-27 p.c.; i ‘f “ 

the D.S. R demand# a minimum of OdC p.c. I 

Tho volumetric method of estimation of the i o,.™’ “ ’ ' 


U.S. P. has been criticised by Salway as giving 
much too low i-esults, and he has recommended 
tho following process (Amcr. <1. Pharm. 1912, 
84, 49): 20 grams of Calabar beans in No. 60 
powder arc macerated with 200 c.c. of ether 
and 10 c.c. of 10 p.c. sodmm carbonate solution 
during 4 hours. 100 c.c. of ^Jier arc withdrawn 
and tho alkaloids extracted by ^laking with' 
several portions of N/10 acid. Tno combined 
acid liqiiiifs arc maiie alkaline with 10 p.c. 
sodium carbonate solution, and tho alkaloid 
extracted by» shaking at least ton times with 
other, using 2 (> c.c. other each time. Tl^ com¬ 
bined ethereal solutions are shaken oncS with 
5 c.c. of water, ancf the rt^idue left on distilling 
off tho other dissolved in 5 c.c. N/10 acid and 
titrated back with N/50 alkali, using iodo- 
eosin as indicator. . 

Non-aikaloidal^OKtltuents of the sceda. 0 re^ 
'sitosterol C 27 H 4 eO, m.p. 136°-137°, which also 
odours in germinating wheat and other plants, 
and siignti^ierol Cs^HjftO.H.^O, m.p. 170°, 
which is peculiar to Physostitma. 771680 two 
sterols crystallise together (Windaus and Haiith, 
Ber. 1906,4 39, 4378). Calabarol 023113 , 04 , 
m.p. 246°, and %ifoUanol C 8 ,H 3 , 04 , m.p. 296'J 
(the latter also in red clover), are dihydric 
I aloolfils, found by Salway. G. B. 

OREIDE. An alloy of ^ Drilliant-yellow 
colour, resembling gold, made by taking copper 
100, zino 17, magnesia 6 , sal ammoniac 3*6, lime 
1 -80, dhd tartar 9. The copper is Ineited and the 
other ma^rials are added in small portions at a 
time, and the fused mass is skimmed and kepf 
melted for about hsrif an hour. The alloy has 
a fine grain, is malleable, takes a most bnllia%t 
polish, andjf it tamisbeMts lustre is restored ^ 
acidulated water. * ^ • • • 

ORELLIN. ®A yellow oolourm^ matter cBn- 


19J9, 62 [B], 1976. 

Ormosine C 2 oH 33 Na, 4 H 20 , lung needles, 
m.p. 86°-87°, readily 8 olub)«> in alcohol or 
ohloroiorm. Ormosinine CgoHgaNa, anhydrous 
cubes or short prisms, m.p. 203°-2U6°, sparingly 
soluble in alcohol. For description of their 
salts, see Hess and Merck (l.c.). 

ORNITCINE, ah-diof^immtlerk acid 

IfiIj[CHJjdk(NHj)COjH , . 
was first prepared by Jaff 6 (Ber. 187')?’ 10? 1926 ; , 
1878, II, 40) frosn ite dibenzoyl derivative 
ormlhunc acid, found in tno ex<;rement of birds 
that had been fed with benzoic acid. It occurs 
among the products of alkifti hydrolysis of 
ce^in proteins, probably arising fropi arginjpe 
-by a further hydjolysis (Kossel Weiss, 
Zeits^h. physiol. Chem. 1^)09, 69^ 492; 60, 
311 ;* 1910, 160); and it can also be obtained » 

from arginine by the a^rtion of arginase {q.v .); 
or by hydrolysis with barium hydrbxide (Schufee 
and Wjntei^ifl, Ber. 1897, 30, 2879 j Kiesel, 
Zeitsch. physic^. Chem. 1911, 76, 169). 

daff 6 (l.c.) showed that ornithine Vas a 
dtaminovalerio acid, the position of the two 
aihino groups * being detfermined by EUinger * 
(Berf 1898, 31, 318^, who obtained pwfreactne 
(tetramethylenediMaine, Udransky and Bau> 
maun, ibid. 1888, 21, 2938) and carbon dioxide 
by the action Bf putrcfyingtpancreas on ornithine. 
0OPhNH[CH2]gCH(NH‘COPl)CO2H* 

9 Oritiljjiiurlo add. , *■ * 

Ornithine. # JPutxeiidne. 

Ornithine has b^n syfftlmsised by Fischer 
(Ber. 14)01, 24, 4M) by tffe lollowing series of 
reactions;— 

Ethyl-5"phtbaIimidopyopyln)alonate 
. C,H4[COj>N*[CSff2]3<JH(COiiSt), 





y-phthaiimidcpropylbi^moinalonate on brominu- 
tion j this is converted by hydrolysis with loss 
of carbon dioxide into S-phthalimido-a-bromo- 
valerio acid C^jtCOlaNlCHjljCIlBrlCO^)* 
which, on^treatment with ammonia and subse¬ 
quent hydrolysis, ^Idh aS-diaminovaleric acid 
at inactive omiiiane. A similar synthesis has 
bdbn eSeoted by Sorensqp (Zeitsch. physiol. 
Cheni.>905, U, 448) j and a synthesis from 
•benSylpipeiidin* is desiSibed by Fischer and 
aempl*i (Ber. IW9,42, 1022). # 

lor the intermediary metabolism of omitnine 
in the organism, i>. Binger, Frankel and Jonas 
(J. Biol. Chem. 1913, 14, 6461. 

di-Ornithine has been obtaiupdfh crj'stal me 
form (Fischer and Bergroann, Annalen, IJU 
398, 109 ); it is readily soluble in water, forming 
an alkaliiio* solution; it contains an^syniraetric 
carbon atom and derivatives of the 
Irovo*, and racemic varieties are described. 

d-Ornlthlne, The ornithine hydrochloride 
obtained by hydrolysis of natural^ occurring 
ornithuric acajJ has [a]i,+1 6'04 to 16’8 (bohulzo 
and Winterstoin,•Zeitsch. physiol. Cliem. 1801 

.. . ...... V 1 _.,1^,,. /-.kd-avnsait hv t.hi 


Sato.-AHydrochloride C,H,,(XN'i,HCl, m,p.. 
215°; auriohloride C|H„0,N,(HAnCU,jH,0, 
decomposes at 173°-y6°; platiniohloride 
e,H,j&iN,.H,PtCl,; sulpbate 

(C^HjjOiNjlalljSO* w ^ 

itu.p. ai3°! nitrate UsHi^aN^HNOj, m.ji. 

‘ 183° i.oxalate (C.H,tO,N,)aCaHab., m p. 218 ; 
qarboihte; acetate m.p. 

163°-164°: eraonopiorate CjHijOaJN 
m.p. 196°, triclinio system 

a:6:c=0-6962:l:«-6301 
65^ v=8i*^ 19 


s£."isr“ 'fS-S'K'feiJ. Wphi 

(t' H ON i>CuSO.,HaO, m.p. 204°-206 ; with 
iupric nitmte (S,lf.;OaNa)aCu(NO,)a,iHaO, 
m.p. Ifi7°-108°; with silver nitrate 

CjHijO.N'a'HNOi^AgNO, 

m.p. 175°, V. Weiss (Zeitsch. physiol. Chem. 1909, 
.69 499)- for the separation of ormtnine as 
pLate from other bases y Ko*scl and Weiss 

(Zeitsch. physiol. Chem. IJIO, 08, 160). 

And dcrmtd'ues.— Thephenylwocyanate. nnp. 
. J . , , „ 194°-196 ; the 


I»iuiwiun4/ I - - - /I (VI.,/ •'I.'VVI.V.--*-'-* _-A v 10,4 < 

and Winterstoin,•Zeitsch. physiol. Chem. 1801, L , 92 °; the liydantoin, m.p. 194 

34 128) and d-omithine is also obtained by the I g.jinpij^halonesulphone C,H,oOjJN j(W.,on.,o(i,) 
hydrolysis of d-arginine with barium hydroxide. ] „ t96°-196°; the S-monohonzo; 

Jufc.-Hydroohlorides C,H,,0,N„2HC1 and 
CsHrjOjN^.HCl; platiniciaoride 


C.HnO,N,.H.,PtCl,: 
nitrate CtHiaOiNs.HNO,; 
oxalate 3 CjHi 20 .aN 2 , 2 CjH 204 ; 
acetate, m.p. 161°-162° ; 
picrate CjHiaOjNjtCBHaOjNa 
(Sohulze and Winterstoin, U.); c^stallises with 
IH,0, and has m.p. 203°-204° (I^osscl and 
Weiss, Zeit«h. physiol. Chem. JOW. 

dci/1 df riMdircs.— The hydantomt'^H 2„U3» 2 , 

m.p. 191°' 192°; the jSjiaphthalencsiilplione 

• • (S5H,(|02N2(S0,'Ci(|H,), . 

' m.p. 189 °glosser, Zeitsch. ^ys‘?|- 
49. 2J0); the monokeneoyrCuHj.UjNj, m.p. 
226°-240° ; the dibenzoyl (d-ormlhinc acta) 

FhCO KH[«H2l,CH(C02H)NH-COPh 

mm. 184°jl85°, [a]B-l-9-2° to »-3° in 10 ^.c. 
solution tf^odium salt, f SiO in 20 p.e. solu-, 
tioit; hruoifle d-orntthurate > 

• C„H2„04N2-C^H2.0.N2,fl20 

mfb. 136°-136°. separates from a solution of 
brucine in racemic oniithuric acid. ^ _ 

hOmIthIne- Acyl dmmtives.-;T^e di'enzoyl* 
(l-oriii«iurio aoTd) C.,H 2 » 0 ,N 2 ,from dl-omithu™ 
acid by 

• nine salt; m.p. 18^ , [a]D ,9 22 in Iff p . 

• nf the sodiunf salt; cinchffhine 

anhydrous salt has m.m 

obtal;7ty* the nutrefaStifei 

I wiirnlvMa of arginine carbonate (Ackermann, 
n. Zei 


; the S-monobonzojH , 
PhCO-NHLCHjlaCHlNHjjCftjH 
m.p. 200°. or 286°-288°. on the Maquenno 


Bioohem. 


' 8101 .unem. ay.*.-—— 

iem.i6eitsbh.'^9«l,37,607); by W^ysm 

Is S^p“pf«d by any the syiBhetio methods 
described aWe. 


jU’', or ZQO% '.'ll — 

blo'ck. Tho 8-m-nitrobenzoyl C,,!! jjUjN 2, m.p. 
260°; the a-monobenzoyl 

NH2[CH2]2CH(NH-C0Ph)C02H 
m.i). 264°-2C7°, on the Maquenne block; the 
y.'hydroxy-a-bonzoyl, m.p. 266 -266 ^am- 
mafsten, Compt. rend. Lab. Carlsbcrg, 1910, 11, 
223f- and tho a8-dibonzoyl (d/-ornithuno acid) 

C 2 .H 2 . 0 ,N., m.p. rer- 188 °. 

aS-IHmcMylaminomkrtc ana 

MeNH[CH 2 ]jCH(NHlVIe)COOH 

forms microscopic six-sided plates; the ohloro- 
platiiiate crystallises ill yellowislwred clusters, 
m.p. 2i0° (decomp.). For y-hydroxyornithine 
(aS-di^ino-yhydroxyvalerif acid) v. 

(Compt. rend. trav. teb. Carlsberg 191^ 11, 

ORPHOL. Bismuth j8-naphtholate, ti. Bis¬ 
muth, Okoanio COMPOUNDS pF; also Synthetic 

'’^''oRWMENT {Auripigmentum). ^ative 
arseni. trisulphide, As2§3. 
orthorhombic system and 
stibnito (Sb 2 S,). Crystals are rare, t»e numeral 
I usually occurring as laminaW or Maly rdhsses 
•with a^erfeot cleavage paralleUo thw 
' Uie plates. The colour is iWion-yellow, and 
Sere is a pearly lustre on the cleavage sutfac^ 
Tho mineral ifcvery soft and sectile (H. lw-31. 
and the flakes ajp readily bent; sp.^. 
OrpinRnt occurs, usually m association with 
realgar (a.u.), jn fliineral-veins together with 
oihs^of sUver, wad, &c., and also as nodSles in 
beds of sandy clay. It is found at sevstal plM« 
in Hungary, at Allohar m Macedonia. Merour 
in Utah, and in some abuiHanoe at Julamerk 
i» Asiatic Turkey, and Zarshurm m 
SiMne hundreds hf ton# are expqjdS# Mmually 
^ Shill-haung-Ch’ang in prov. Yunnan, 
Chma. The* mineral y used *b • pigment 


■ 2 ),. 

•48. 
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(King’s yrflow), but now mostly in 4© East; | ^.p. 

■’ it is the auripigmontumf (golden paint) of l^e 
ancients. Formerly it was also used in dyeing 
ttnd oaiioo'printing, aftd by tanners for removing 
hair frong skins. f L. J. S. 

* ORRIS ROOT is the peeled and dried, 
rhizomes of Iris fiorentiTiq (Linn.), 1. *pallida 
(Lam.), and 1. girmvnka (Linn.), It is ^araoj 
teriaed by a pleasant aroma, and a^ears to be 

» d 8 tergent and antiseptic.^'It is em- 
in the prwaration of violet-pow'der and 
dentifrices, and to a small extent as an ingro- 
diont of snuff. 

ORSEILLINE v. Azo- coLofrRiNO matters. 
ORSELLINIC ACID was first 

prepare by l^cnhouse (AnnSen, 68 , 61), Sy 
digesting lecanoric acid with boiling baryta 
water, and can also bo produced from erythrin 
in a similar manner. According to Hesse 
{ibid. 130, 35), the^olution'of erythrin in baryta 
water is heated on tho steapi-bath until a sample 
of the product no longer yields a gelatinous 
precipitate wh^n neutralised with hydrochloric 
acid. The liquid is then acidified, and tho 
orsellinic acid, wliich separates on standing, is 
crystallised from alcohol or acetic acid. 

Orsellinic acid crystallises from dilute acetic' 
acid in ndej^es with iHgO. When heated, it 
melW at 17G® with evolution of carbon dioxide 
/',nd formation of orein, and is evidently an orcin 
carboxylic acid. 

Ethyl orsellifKite (^ioHi 204 , colourless leaflets, 
m.p. 132®, is produced when erythrin is boded 
for several hours witli alcohol (Stijnhouse, /.c.), 
and can be prepared in an identical manner from 
lecanoric acid (Schunck, Annalcn, 54, 266). 

Methyl o^sellimte (Schunck, lx., 

and Stenhouse, lx.), and isoamyl orsdlinale 
(Stenhouse; Hesse, Annalcn, 139f 37), 
m.p. 76®, have also been obtained. 

Recording to Heinrich (Ber. 19(M, 37, 14(K)), 
ethyl orsel^nate in alkaline solution reacts with 
diazobenzene chloride, with formation of the 
disazobenzene derivative 

CaMe(OH)j(C,H5Na),COOEt 
red needles, m.p. 186°, and this, on r^uction 
with stannous chloride ^d hydrochloric acid, 
and further heating with hydrochoric acid at 
160®, gives diamino-orcin hydrochloride 
C.HMe(OH)j(NHB)o(Me:(NH,)2;(OH),=l:2;4:3;6 
The constitution 03l%)rselUnic acid is thesefoi^ 


•to be 


as follows :• 
CH, 

\ 


COOHi^ 

This stfuctuiO' is support-ed by the conduo-’ 
tivity of measurements of Thiei, Sohumache/| 

. andiltoemer (Bor. 1905, 38, 3860), and further 
by the work of Fischer and Hifcsch (Annalen, 
1912, 391, 347). These laift authors treated 
methyl-orsellinate with an ethereal 8 <ilution of 
diazomethane—which .methylattes phenol car¬ 
boxylic ©ipids preferentially in the para-position— 
and thereby obtained an a-methyl ethey — • 

c 'Me 

'* ' f^^OefEt 

^MeO-l J-OH 


p. 72°-76°, which gave a red-viotel feme 
IhloriA reaction. . 

" When orsellinio acid wlisteeataf with methyl-, 
chloreoarbonate in cold N oaustio tfoda—a 
reagent which also preferentially. attacks the 
{lara-positkn—the product of'the reaction was 
wicik^-carfionofo-oraciiintc acid — e . 

Me* 

. I 

/\-OOOH 


—CO(—•OH 


(S-mothyl-oarbonato-S-hydroxy-o-toluic acid), 
^ra.p. 163®-16<® (oorr.), which also gave a 
characteriati* coloration with ferric chloride, 
whereas the jfrffduct of the action oi ethereal 
diazomethan(^on this last substance was methyl- 
carbonalO’Orwllhmte-P-melhyl ether — 

» • Me 

I 

COOMe . 

Me-00,-0-l J-C 

> ^ • 

m.p. 86 ® (oorr.), which gave no coloration 
\nth ferric chloride. 

On hydrolysis of this ester vith concontAited 
sulphuric acid at 26®, metkyftcarboruito- 
orsellinic-acid-^-methyl ether — 

Me 

I 


-om 


Me—COe—0—! 


-OOOH 
I— OMe 


(corr.), was obtained,'which also 
0 develop a ^ coloration with ferric 


m.p. 145' 
failed to^ 

chloride, whgreas, wheithis was further hydro¬ 
lysed by means of cauatio soda, it* yielded 
orsellinic acid-^-metkyl ether — 

• Me » 

. I ■ 

j-^.-CO0H 

OMe 

whifh deoojnposea at lTO°, and" develops a, 
yellow-red coloration with ferric chloride. As 
Fischer anC Hoesoh pmnt out, y^ere the older 
formula for orsellinic acid oorreot— 


HO-i 


the )3-methyl ether would® Ite a derivatire of 
salicylic acid, affld should develop i;bs c/iaCTCter- 
i#lic colour with lerAo ^hloride, and moreover, 
the a- and )S-methyl ethers wpuld be identical, 
whereas they are u&doubtadly isomeric. 

Th^ oonstitu^on thustaf^ved at has been 
: substantiated ^y the synthesis of orsellinio add 
by Hoesoh (BeL 1913,46, 886 ), who obtained it 
by oxidation of oroyl-|iidehyde—^pr^red from 
orcii^ by Gat^mann's method^r, mor^ 





An attempt to prepare thia aaid from orcinol 
by a method analogous to that^uaed for th(^ 
preparation of ealioylio acid Jt8m phenol was 
unauccesaful. j 

DimetJfylcarbonaio-orcyl aldehyde, needles, 
m.p. 84®-S6°, according to Ho^h becomes 
yellow on exposure to light. • • 

Monomethylcarhomto-orcyl aldejiyde, prisms, 
melts .at 79®, diethylcarbonato^orcyl aldehyde, 
needleiSt at 60°, and dtethylearhonato-arffelhaic 
acid, prismS^at 112® (decomp.). 

Tetra-acetyh^iicose ester of orselUnic 'ncid^ 
white needles, m.p. 163®. [a]Jf —41*75® or 
—11*40® (in chloroform) (Karrer, Baumgarten, 
Gunther,•Harder and Lang, Helv. Chim. Acta, 
1921,4, 130). A. G. P. 

ORSUDAN. Trade name for sodium acetyl- 
2*aimnotolyl-6-arBinate (see Aesknicals, Or- 

QAlflO). 

ORTHIN. A phenylhydrazine derivative. 
HOOC/^NH—NHj 

Formerly used as an antipyretic and^nalgesic. 

ORTHITE. or Allfiiite. A complex rare- 
earth ailioa4e belonging to the epfdote group of 
mineAJ8^^and sometimes known as cerium- 
opidote. The generd f«rmu4a is HR"R 3 '"SijOij, 
whete R"5=Ce, Fc,*and R'^'^Al, Fe. Ce, La, 
Di, Y. The extreme values in the analyses 
tabulated by *I)ana are: SiOj, 29*3-34*6; 
ThO„ toace-3*6; AlgOj, 6-3-22*9; Fe.Oa, 
r6-21*2;a CejOj, l*3-33*i; DijOg, 2*9-24*0: 
La,0„ 0*2^8*1; 0*3-4 2; Er^O,, 0-2*(r; 

H,0, 0*3-14*0; also small am(innta of* man- 
^nous oxide, magnesia, and alkalis. Scandium 
jBcjO, 1 p.clf) has been detected iir orthite from 
Impiloks in Finland. Sp.gr. 3^4^. The 
mineral oiyatallises in the mqpcMinic system, 
and^as either a tabular or a long prismatic 
habit. Compact n^ses and grains are ulso 
common. It is hlats or dar^ bro^n, c^a^uep 
and with a pitchy lustife on the brigh* sub-, 
conchoidai fracture. the exterior the 

material often presents a dull weathered appear¬ 
ance, the slender prlsmatie efyst^ looking 
rather like rustf liails. Tabular crystals from 
Greanlimt^were described ]^T. Allan ii^l808, 
and named allanite iy* T.^Thomson in 1#16. 
The later Qaz^ ortoite (from ip$6s, straight) 
was given by d. f. Beraelius in 1818 to long' 
prismatic cfy^ls# from Finbo in Sweden. 
Owing to dimculties of de^i|iinatiofi and to 
dlScrenoes in composition an<f degrsM^ of hydra- 
rion, several other xdinerals, now recognised as, 
varieties *of allanite, pave ^been deso^ed as 


distinct species sunefea special ^ames. As-an 
accessory constituent of crystalline rockf (gneiss, 
granite, pegmatite, andesite, &c.), allanite is not 
of uncommon occuiTence in small amounts. It 
is well known in the granite of Criffel and several 
other places iu Scotland, and in a quartz vein 
traversing granophyre in Merionethshire. It is 
found in some abundance in the felspar quarries 
of Sweden and Norway, and as«large masses in 
gneiss at several American localities. Masses « 
weighing over 300 pounds have been found at 
Barringer Hill m Llano Co., Texas, where, 
together with gadoliiiite, &.c., it, has been 
quarried for the supply of rare earths used in 
incandescent gaa-hghting, A larfto deposit is 
also worked in Amherst Co., Virginia (flto 
Amcricari localities v. T. L. Watson, Bull. Geol. 
Soc. Amer. 1917, 28, 463). L. J. S. 

ORTHOCLASE. Potash felspar v. Felspar. 

ORTHOFORM. Trade name for p-amino-m- 
hydroxy-benzoio-methyl ester 

• HOC/COOCH, 

White powder, sparfhgly soluble in water, non¬ 
toxic. Used as a dusting powder for piinful 
wounds and as a local amesthetio (f. Salioylig 
acid). 

ORTHOFORM, NEW, v. Salicylic acid. 

ORTOL. Trade name for a mixture of 
methyl-o-amidophenol and hydroquinone. Used 
as a photographic de#elopef. 

ORYZANIN. Hens, doves, mice, and other 
animals readily become ill when fed exclusively 
with shelled rice, and finally die, after a great 
'loBSaof body weight. TM^ effect is due to the 
absence of a substance which is essentiaKo life^ 
and ^hich has been isolated from rice husks. 
Whenever this substance is absent Trom a diet, 
t&e diet is insufiicient to support lite. If it be 
added to an artificial diet tf fat, protein, carbo¬ 
hydrate, and salt, in which it is accent, the diet 
a^ain becomes efficient. Dele also cannot live 
, without oryzanin, and they rapidly waste when 
fed on sheUed or extracted rice. If they vseeiv^ 
0*3 gram oryzanin daily when in a wasted condi- 
tion^roduoed by oryzanin-free diet, they rapidly 
recover. Oryzanin is fairly widely distributed 
in various foodstuffs. • 

The oryzanin is extracted fr^ fat-free 
husks (previously extracted with ether) by 
alcohol. From the alcoheUc extract it pre¬ 
cipitated by phosphotungstio acid. From the 
Dhosphotungstete precipitate, after the usued 
iTT^tmett, a stj^U ^ore activ^ preparation is 
I obtained by precipitation witl^tannic acid, and • 
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fcom thisiurther purified subetancef oryzanin 


• I 

uiin I >31 


le obtained in the form af 8 crystalline picrate. *eit. #913, 37, 867). For the. estimation of 

/-v_ 1 _j_ 1 __.* 8 . 1 . -.'J- : 2 . -..'. 1 . 1 ,. i_ •-r I __I_X>..iX T>^_&._ /rr'j. _l 


On hydrolysis with adds it yields two acids of 
vnknown constituti^ choline, dextrose, an4 
nicotinic a^id (Suzuki, Slnmamura, and Odake, 


Ciochein. Zeitsch. i0l2, 43| 89). Kurono 
J. Coil. Agric. Imp. Univ. Tokvo, 1D15, 5,* 
305) found thak when adaed to the extipnt of 
p.c. it accelerates the growth ana 
fermentation of yeasts in beer-wort, xoji extract, 


ismium reiidues is given by Gntbwr {C3iem. 


|)smium, see also Kui! antt Bom^ann (Zeitsoh. 
anorg. Chem. 1910, 05, 429* • 

The metal h#iS also been obtained by the 
l^oduction its ammoniacaPor sulphur com¬ 
pounds (Berzllius, lx.; 1829, [ii.]^42, 191; 
Fremy, ibid. 1855, [iii.^ 44^387 ; Schneider, 
Annalen, 1807, Suppl. 6 , 20i]!’ • 

Osmium has a |p.gr. ol 22*48 (Joly) (tte 


and in artificial media such as Hayduck’s or 1 ap.gr., however, depends on its at|te of dmsion); 
Nageli’a solution^, its stimulating action being , and melts at abou^^700‘^ (jl.S. Com. Repj 
much greater than that of peptone, asparagin, i 1919), It j^olatilises m the^lectric fums^ie, bu4 
&o. The accelerating actiop. ^ malt culina on | leas readily than the other platinum metals, so 
distillery fermentations is i.ttributed by Kurono j that it possesse-s special interest as being next 
to oryzonin. t ^ * Lto tantalum ahd tungsten tho least fusible and 

OSAGE ORANGE TREE. The wood of this 1 probably th< ^east volatile metal and as the 


tree has been used for many years for dyeing 
by the Indians m the Red Valley region of 
Texas,' America, and has oogaged the attention 
of the United Stiftes Forest^ {Service. As the 
result of its examination by Kressmann (Journ. 
Amer. Leather Chemists Association, 1915, 347), 
it has been found that its dyeing jiroperties are 
very similar to those given by old iustic, tiie 
shades wliich it produces being, ho\>’ever, slightly 
purer and somewhat less red in tint. A qualita¬ 
tive study*-of the aqueous extract showed that 
the (l/*eing ilrinciples present consisted as in old 
^stic of mdi-m and laorhinti, but that the un¬ 
known red constituent ))re 8 ent in this latter was 
practically absent. ' Though apparently the 
tinctorial strengtli of distinct samples of the 
osage orange wood is somewhat variable, this 
is probably on tho average quite equal to that of 
old fustic, and tins wood can be satisfactorily 
employed not only for textile but also foi 
leather dyeing. A. G. F. 

OSAZONES. A term given by E. Fischar to 
compounds of phenyl hydras^o with the sugars 
(». HyDRAZONES and CAEUOUYDRATiES). 

C^SMIRIDIUM f. Iridosmine; Platinum 

METALS. ' 

OSMITOPSIS, OIL OF. Osmitopsis asteris- 
coides (Cass.)^ an aromatic plant of tho order 
of Compositce, growing in South Africa, yjolds a 
greenish-yellow oil pf a burning taste ana aro¬ 
matic smell. Appears *o be isomeric with 
bomeol and oil of cajeput. 

OSMIUM. Sym. Os. At.wt. 191*07. 

This metal occqrs in native platinum {v. ^ 
Platinum), and eapfcially in osmiridium/' Ir! 


heaviest known* substance, qualities which, in 
conjunction mth its susceptibility to oxidation, 
and the p^-uliar nature of its volatile oxide, 
distingqisn it from the other platinum metals 
or indeed from all other known metals. 

When heated osmium combines directly 
with lluorino, chlorine, sulphur, and with 
pliosjjhoriis. It is not attacked b^^ydrochlorio 
acid unless tlio latter contains ty'ygen (Matignon, 
Uon^])t. rend. 1903, 137, 1051). 

Although osmium, when obtained in a finely 
divided static by treatment of an alloy with a 
solvent which removes tlie other imetal, is 
easily oxiibscd or dissolved, it is much more 
refractory after ignition in an inert atmosphere. 
Finely divided osmium oxidises slowly at 
ordinary temperatures and burns freely at 400°, 
but the denser metal requires a higher tempera¬ 
ture for complete oxidation. It is best rendered 
soluble by fusion with peroxides or with a 
mixture of caustio alkaU and nitre. 

On account of its infusibility,'•ft has been 
employed /or the manufacture of electric-light 
lilameiits, but by reasoneof its high cost and t^he 
extremely small supply, its use naa been aban¬ 
doned in favour of tantalum filamenfj oi'bf the 
‘ osi'am ’ filaments,#whioh pe made of tungsten 
wire and do not contain osmium as the iiame 
miglit imply. 

It is stated by W. C. Hor^us, that 1 part 
of osmium will replace 2 ^ parts of indium for 
hardening platinum,, and that the impjjovement 
In el^ticity is still greater.t. From 'I to 20 j.o. 
of o^ium i» recommended, the alloy being 
made in the. absence of afidising gases, and the 
_ _ 7Z. ___x..in. 


differ^' from the other metals of the platinum | presence of’ iron and copper belhg careful^ 
gr6up except ruthenium in forming a valatile I avoided. IJie alloy has been patented (Eng. 
tetroxide OsP,, the so-called osmic acid, but at | Pat. 29723, llllO). 


itJt 

can be separated from ruthenium because the 
latter is volatile witKohlorine only from alkaline 
solutions, w^ile osmium is driven off also from 
acid ones. 


A delicate test for osmium is giv^ by 
Ttt: 5 hMaeff (Con.pt. re^. 1918, 107, 235). 
eWtorf a sblutiop ooiitaimf.g ‘O 8 O 4 or O 8 CI 4 is 
warmed for a few mihutes with thiourea and a 


The osmiridium treated as described under | few drops of hyd’*ochIoric acid the liquid 
jRiDiffM (v. also »n/ra) yields the osmium in the i acquires a deep red or rose colour which re 
form of this tetroxide, which may be reduced j sensitive to onVpart in lOOtOOO. Hirsoh (Chem. 
in hy^oohlorio acid solution by zinc or‘met- Zeit. 1922, 34, 390) substithtlb KCNS in the 
oury (Berzelius, Ann. Chiifi. 1929, [ii.] 40, j cold ^or tbioure^r. ^ The solution sl;i_aken «i! 5 ith 
258); ^'ith an alkaline formate; ^ith hydrogen') i ^ItBr or amyl alcohol ^v^ a blue layer if OsO* 
a mixture of carbon mon- and dip^ides orj is present. . 

with carbon. In the latter case, the metal is'l None of the osmiuen compounds is of teohno- 
obtakied in a crystalline form, whilst by the | logical ipterest, excepting twe Wtrfliide and the 


other methods it is precipitated as a bluislr 
powder (Do^reiner, Aunalen,* 1835, 14, 17.* 


osiuates,' as foi^ning steps in the preparation 
of the me 6 al, ahd (as regards the iormei) on 


UeviUo ana I^ebray, Comft..rend. 1876, ^ 8 ^/j account of a limited pSe in microscopy for 
1077). A reviqw of th| methods^ of treating | stainii^ patholo^cal specimens. ^ CoUoidal 






OSMIUM. 


1 j . t , tetroxidJklao acts viol«itly on the skin, oaus^e 

r^n? •®“' ‘839- 400; Oompt. rend. 

*1874,78,1509). It is reamk reduced to the lo war 


o^um kas been obtained by the reduction 
its^ salts Mth hydrazine 
Zeitsch. * ano^. C 
and Hotfmeier, J. 

J^or its OBtaljtio action, se# Lehmann Arch 
^arm. 1913, 2^, 152; Normaim and Schlick.: 

252, 208. For a luUVccount of the 
Haber synthjfio ammonia process with 
^imum as catalyst, m Haber and le Rossignol 
^its^ Electroch. 1913,#19, 63. An aqueous 
80 l\^i<m of f^maldehyde decomposes in the 
presence of os^um intck carbon dioxide and 
^bthji alcohol (Mii^er, Ber. 1921, [B] 3214). 

COMPOTTKDS OF OSMSTTM. 


ily reduced to the lowar 
a catalysf for oxida- 


. 1609), 

oxides. For its effe^___ 

tions, see Hofmann, Ser. 1912, 46, SsJb. ''It te 
soluble in hydroojjlorio acid of sp.gr. 1*16, 
i^ivinf osmium tetrachloride. # 

Osmium trioxide OsCL is unknown, hut the 
corrosponcnng oawiic octd Hy 0804 ^B formed, 
according to Moraht and ‘Wisohin (Zeitsch. 
anOtg. Chcm.. I89‘i, 3, 163)^ hy treating the 
potassium salt with nitric acid. Huff and 
Borneraann {l.d.) estate, however, that they 
could not obtain iti A number of its salts, 
*ie osmates (formerly known %8 osmites), are 
known. 

//a^i’dcs.— Osmium fluorides. By direct oom- 
bumtion of the elements, Rutf and Tschirch (Ber. 
1913,40,929) ha^e eucceede^ in preparing three 
tliiorides of osmium, (JSF 4 , OsFj, and OsFb. The 
last is the most volatile, and melts to a yellowish- 
red liquid at 346 "C. , 

Osmium dichlorlde OsCl^, a dark brown in¬ 
soluble powder, may be formed by heating the 
trichloride at 600“ under pressure, and cooling 
the vapour at — 50“; or in small quantity by 
heating the metal in chlorine. • 

Osmium trichloride OsCl^ is formed# when 
ammonium osmichloride is heated at 360® ^ 
chlorino (TlulT and Bornemami; see also. 
Moraht and Wischin, l.c.f It is readily soluble 


Oxides .—Osmium monoxide is a greyish- 

black powder formed w’hen the corresponding 
sulphite i# ignited with sodium fSarbonate in a 
current of carbon dioxide. • 

Osmium sesquioxlde Os^O^ is •b^iuod 
similarly as a black powder, or in copjier-red 
scales by the reduction of the tetroxide. A 
corresponding brownish-red hydroxide is pj’e- 
oipitacbd 1% the addition of alkalis to alkali 
osmochlorides, ♦ , , 

Osmium dioxide OsOj, is obtained siiniiarly,*j 
and like the foregoing oxides, is feebly basic. 

It 18 bluish-black, but when prejiared by heat¬ 
ing its hfdroxido in a current of carbon dioxide, 
it forms movsses having a copper lustre. Fuic 

OsOg may be obtained m a crystalline condition i... ., ___, _ 

by heating the finely divided metal in tlie vapour ' in water and gives rise to the double salts 
of OSO 4 . In absence of air it is very stable, but i known as the osinochloridcs or chlorosmiies 


when mixed with combustible bodies it defla¬ 
grates on heating. Dried hydrated osmium 


MaOsCla- 

Osmium tetrachloride ()sCl 4 is prepared by 


dioxide has the composition Os()._j, 2 HjjO, and is 1 heating osmium in a slow current of chlorine at 
gradually ^xidised in air to the tetroxide (Ruff 650®-700“, the issuing vapours being cooled 
and Bomemann, Zoitsch. anorg. Oiom. 1910, 06, ' in % tube wrapped in asbestos, or by dissolving 

429). • • .. 

The precipitated flioxido is ^colloidal and 
^ftns sols in water. Heated in a 
neutral gas half the water is lost below 120 ® 
and,the rest below^(1t)“ (Ruff and Rathsburg, 

Ber. 1917, 60, 484). also Amberger (KolL 
Zeit. 1916, f7,^7). 

Osmium tetroxide O 8 O 4 , sometimes errone- 
<>U 8 ly tfiimed osmic acAd, is prepared by he%tiiig 


! the tetroxide in et^ong hydrochloric acid. It 
i forms bla<#L metallic crusts, volatilises m a 
j vacuum to a yellow vapour, and is slow'Ff de- 
I composed by water with formation ot the dioxide 
and hydrochloric acid. It gives the series of 
salts known as the osmicklordcs cKlorosmates 
(Gutbior and Moisch, Ber. 1909, 42, 
4239; Gutbier and Walbjpger, Ber. 1911, 44, 
308). For certain derivatives of these and other 


finely-oivWed osmium in •air or steam, pr ly similar compounds, jscc Rosenheim and Sasserath, 
dftisolving*it or tlR lower oxides in oqwi^regta. i Zeitsch. anorg. Chem. 1899, 21, 122; Wintro- 
It may also be fonneil by ailacRing the metalibert, Ann. Ohim. Phys. 19^)3, [vii.] 28, 16. 


jdth fused^otassiui# hydroxidegand nitrate: 
the mass is dissolved in water, precipitated with 
alcohol, and oxidised with chn^c geid in a 
ourr^t of oxygen. The pure tetroxide so forme*d, 
whea treated with potassium hydroxide and 
alcohol, forms p^a^^rn osmtite ]v^a 0 ^ 2 H^O, 
which separates as violet • •oloured cryftall 


flsmium bromides fticy iodides are also 
known. * 

lodo-osmous acid 08 l 2 ‘ 2 HI is fprmod v^en 
ruiscent hydrogen iodide reacts wi^an osmium 
compound. Its solution possesses a me eraerald- 
greon colour, which rapidly turns red on exposure 

_ - .. to air, but its salts are more stiAlo and form 

If no alcohol isfl permanent green solutions. *^hi 8 reaction may 
' be employed as a test for osmium confounds 
and also for#iodides in the presence of emorids# 
aniLbromides (Alvarez, Oompt. rend? 1905, 140, 
1264; Orloff, Chem. Zeit. 1907, 31, 1063). 
Osmium jetrdluiphide OSS 4 is an insoluble 

^ -._ brown substance formed by passing suliJhurettod 

give a oolourleft solution in water. The solution J hydrogen into a solution of the egdde. It is 


iQlet • 

(Ruff and Bornemann, i.cX 
added the solution is coloWless and consists of 
potassium perosmate (KOsOj) formerly known j 
as os7mte. Th|p« 8 elution nccomes#brown on ; 
standing’and on boiling loBe^Os 04 and oxygen 
lelVinf the osmate. O^rngim tetroxide# forms 
glistening needles, wiii% sublime readily, %.nd 


toste, tnd is turned yellow by 
en browg, green, ajgd finally 


sulphur dioxide, 


lioxid? tffe 


precipitated from alkaline solutions of OsOi by 
ammonium or potassium lulphides, in exeess of 


indigo-blue. When fused it b^dls at 100°, emit- Iwhich it is insoluble. 

tin| a vapour of a powerful penetfating smell p Osmium ^Iplfite* OsSOj ,afiA numerous 
which attacks the lung ^d eyes, and produces^'qpmplef sulphites nave been prepared (Rosen- 
inflammation of the uiuooi)b membrang. The helm and *Sa8serath, lx. ; itosenheim, ^id. * 
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■tered, evaporated in a dry vaouuM and re- 
orystaliaed from water (AmaudACompt. rend. 
te88, 107, 1162). • . ^ 

The crystals obtained By extraotidg Stro- 

,, ,-, -- _ -j pAonttus yrafMS (Baill.) with 9^ ^o.*alc6£ol also 

Mie action of acids on t'e oswiamatcs, nitnioleeem idontscal with ouabain fxhoma, Cheiu. 


1900, 24, 4J0). Osmium forms complfe deriva¬ 
tives with ammonia and ^o an acid OsNOsJl, 
termed oamiamic acid,^ number of the salts ob 
Tjhioh have been prepared (Werner and Dinklage,B 
Ber. 190J,^4, 2698; ibid, 1900, 39, 499). By 

tfi< 


compounds of osmium aijp formed {Brizard,] Zentr. 1904, i. 1277). 

Am. Chim. 19Q(), [vii.] 21, 311; Werne* and 1 Ouabain forma pearly'glistsning plates, m.p. 
Oinkls^te, l.c.). *| 185‘'-188'', and yields a crystalline hydrate wi^ 

Osmlunk nitrite 08(NOj)a and complex; 9 molecules of watersat ordinary temperature, 
nitrites and nilroso derivatives are also known ' with 4 molecules at 30°, and w^ 3 mSiemles 
(Wintrebert, l.c. ;*and Compt. rend. 1906, 440,! at 60°. g ' f 

686). Osmium also forms a series of nemo-' The rotatory power of a ^ p.o. aqueov* sofu.^ 
cyanides very similar to *he ferrocyanides. tion of ouabain is [a];,—30’6°. Ouabain is very 
Osmium arfdato have beensprepared by Wintro-, sparingly solulJe in ether, absolute alcohol, and 
A. J. W. !<u chlorofornr; 100 c.c. of water dissolves r67 
OSMOPHORES. Groups or radicles which ^am ouabain U 30°, 0-93 gram at 14'6°, and 
are supposed to determine, or to be concerned in p .pp gram at 8°. 

substance. jt is readilf hydrolysed by dilute acids thus: 
OSMOSIS a. Solution. . . „ „ i r, u V, . r, ir r. 

OSONES V. CAR^OlIYhRATES. ^30^J-46^2 + ll2^ —^“ia^6+^24-“Se^8 

OSTEOUTE, Calcium ort1iophoi>j>hui(!, forming rhamnose and a red reain which is 
Caj(P 04 )j r. CaJsCIUM. probably formed by the polymerisation of the 

OTAVITE. A basic carbonate of cadmium second product of hydrolysis {Amaud, fiompt. 
(Cd Cl'6 p.c.) crystallised in the rhorabohcdral rend. 18U8, 120, 340, 1208). Wh^ dj:i®d, the 
system, and one of the few minerals containing resii^ loses 4 H 2 O and forms C2fH2804. Alkalis 
cadmium as an essential constituent {v. Green- *do ud't attack ouabain in the cold, but by forming 
OOKH'E). Jt forms white to reddish crystalline soluble salts they increase its solubility in water 
cruste* of mihuto curved rhombohedra with a and its rotatory power: fused with potaslf or 
Ig'iliiant lusft’o. It is found in small amount, i soda, ouabain decomposes at 220°-240i* forming 
.together with greenockite, malachite, cerussite, ’ oxalic acid, a resin and carbon dioxide (Arnaud, 
&o., lining cavities m*the oxidation zone of the ; l.c. 1280). 


deposits of copper oro at Otavi in South-west 
Africa. L. J. S. 

OTOBA BUTTER. The fat expressed from 
the fruit of Mynstica oioha. Contains tho 
glycerides of myristic, lauric, palmitic, and oleic 
acids; an essential oil consisting chiefly of 
sesquiterpenes and unsaponifiablo matter con¬ 
taining otobite and iso 'Otom-di Otobite appears 
to contain one methoxy-grou}), but^uo-olobite 
doeAiot. Both give pontabromidos, m.p. 190® 
and 191° fospectively {Baughman, Jamieson 
and Brauns, J. Amer. Chem. Soe. 192J, 43, 199). 

OTTO OF J?OSES v. Oils, essential. 

OUABAIO. The poison of the 
Along the whole oi the west coast of Africa, 
especially in the country di tho Somalis, occurs 
a tree used by the natives for the preparation of 
their arrow-poison, and called by them Ouabaio. 
Its wood is yellowish-white, very hard andj 
dense, ^odourless, bfit fiossessing a strong bftter 
tas^e. Arnaud has isolated from it (J. Soc. 
Chem. Ind.4l889, 211; 1888, 680) owhain, 
C 8 oH 4 «Ojj, .which has a physiological action 
similar to that of styrophanthin, but which is 
twice as toxic, the poisonous dose being about 
0’2 mgrm. p<r kilo, of body-weight {Hid. 1888, 
763)-ilatheImeau, J. Pharm. Chem. 1889, 430; 
J. Soc. Chem. Ind. 1890, 101. Ouabain may be 
tlistin^isbed from strophantin by 4varming the 
gluooside mth hydrochloric acii and resorqjnol. 
Strophantin gives a rose cijjoration, whereas 
ouabain gives no coloration, this difference being, 
due to’^ho action of the •respective sugars 
formed bje the hydrolysis. Ouabain*is also, 
obtained from Stropluinthus glaber, by extracting 
the 8«)dB, from whiolf the oil has been removed 
by pressf^ between filter paper, by shhking* 
with alcohokfo^ several Aaj^ at*a temneratur^ 


With bromine, ouabain gives an amorphous 
dorivotive containing GO p.c. of halogen. 

Ileatod with an excess of acetic anhydride 
at 30°~70°, ouabain forms the heptacefin, 
<^’ 3 oH 3 flOi 2 {C 2 H 30 ) 7 , m.p. 270°-275® (Arnaud, 
l.c. 349), whilst when ouabain is Imated with 
acetic anhydride and zinc oTiloride at 70° and 
tho cooled^produot poured into 6~6 times its 
bulk of water, it forms^an anhydro-heplaceiin, 
C3oH870ii(C 2H8())., m.p. 310° •^ei^iBp.), 
[a]p—68‘60 at 86° {in alcoholic solulionp On 
saponiflcaiion, this Hcetift fields an acid w^ch 
is similar to, but not identical with, ou^afo 
acid (Arnaud, l.c. 1664). « * 

Concentrated nitric acid completely oxidises 
ouaVaIn even in the cold, forming oxa^c acidy 
carbon dioxide and<n8oIuble amorpHoas nitro 
deriv^ives. With more diliA^e acid fsp.gr. 1*S), 
no oxalic acidts formed and insoluble crystalline 
nitro derivatf-'es ai-e produced, * » 

Tho di-nitro derivative, C23H24(N02)208, is 
formed 4Cj£c’'76° and ciystailises from acetone 
in yellowish silky needles, m.p. 300° (deoemp.). 
It acts as a dibasic acid and yields cryst^Hne 
sails. ^ The^ pota^ium sodium salts form 
.l)range-red aqueous i^lutions, the ammonium 
Malt efystoUises in golden yellow needles. The 
I mononitro tiemarit?c*ll 28 H 28 (N 02)08 is obtained 
at 15° or belq^w^ ‘ It forms yellow anhydrous 
crystals, nc.p. 280'*’ (deooiflp*) ^and also yields 
alkali and amn^nium salts. Th^e nitrq 
dprivatives are reg%rd^ as derived* froin'^he 
coi^ound C 24 H 38 O 8 wniofe is produced by the 
hydrolysis of the ouabain (Amaild, l.c. 1873). 

Ouabaio acid Cjo^ie^u ift obtained by 
heating a. dilute aqiieous solution of ouabain in 
a sealed tube at 11^°, or better, by heating 1 part 
of crystalliile ouabain wt^ 3 parts of stronflmn" 


not exceeding 60°. The extract is distfced aSjdt hydroxide in 10 parte of*water for l^houirs at 

a aVa ___ • J _•_ i . 1 ___•il. X _X e'/VO 1 » r\t\Q mt - l. xx_l..x* _'_x_ x_ J _.-xl. _ 


ihe syrupy residwe is take® up with il^ter at 60°, 


100°. Xhe hot solution i% saturated with oarb<A 



aioiitte, ^tered, ooaoentrated <« t^cuo ast boflii^, tkd 8T»Mrating to about o^e-sixth tke 
poured, little by little, into 10 times its vcilimeM ojiginal bulb. The ciystals obtained on cooling • 
absolute aloAol. ,TIle precipitated strontioli .are recrystallised. If stepnger acid be used the 

Cial4. fo J ___J_ixl. 1_ I-i _I*.LI- i.— L--— 


liquid evaporat«S 


amamorphouaii manufacturing scale 

bso /J _-_ V T _J-J*i_ -iU— 


yellow-wtiite substance, m.p. ^6° (decomp.), Tsedoa by other 


y empioyqd on the 
3 since been supet- 
aJthough possibly 


resembling gum ^ abearance, very soluble in Uhe dfcoovery of Naumann, Messer, and Linden- 
water and in alcohol, hut insoluble in ether. It fbaum (1).R. PP. 183022^08999) that vaasadium 
is a ^basic acid 'which decomposes the alkali \pentox\doio the extent of 0*(^1 to^*002 gram 


n \ 1,-0 r«l20 AR.Afioain Amipous the reaction proceoQS ai tne oruiuary 

•Ba{CfoH*,Oi 3 )a has [a]j, -4b 40 fin aqueous ^ ^Adi»of oxalic acid are obtained, 

solution (Arnaud, Z,c. 1280). _ uq interraedialb products result. Before 

According to Faust (Chem. iZentrs 1902, ii. •ybiectinff the Sarboilydrate the •otion of 
19171 /t/>/v>/r4i^%£«-i4] lanlofA/l fr-niM Af'.m'.n.'nin.f.Ta * •. . . _• ..t.-__ 


Aworumg w rauai. ■ociiw. | Bubjecting the Carbohydrate t» the jpouon oi 

1217) acocantherin, isolated froi* I jj, ice of vanadium 

abyssinica (K. Schum.), is Mmologous with molybdenum compounds, preliminary treat- 

fyssakclir, Ts^ooiliUr f.Vstt rl 5 mnth-ul flpnvn.tl Vft. ...:aL *U- 


ouabain, being, possibly, the dimeihyl derivative. I -ate'nnth the oxides of 

For the physiological mid therapeutic action of | ic reconimendcd (Eng. Pats. 14234, 

ouabain v. Hatcher and Brody, Amur. tL rnarm. ! . 101080, 191 <i). 

82,360; Miillor, Zeitsch. AlJgem. Osteit. J^oth. I process to replace it was the well- 

Ver. 1908, 46,319, 331. Cf. Stbophahthos. | one in which sawdust, is heated with 

OUTREMER. Ultbamasine (q.v .); also i caustic alkaUs. Starch, straw, bran, and other 
PiOMSKTS.. I vegetable matters may be similarly treated, but 

OVARIA SI(!C., OVARINOM, OVARMIEH, tbe best results are obtained with sawdust; fir, 
OVADIN c. Synteetio iibuos. * pine, poplar, and other soft woods, giving better 

. _ ( * ,t 1 .1 _i_ _L -- K/.xv^k 


ouabain v. Hatcher and Brody, Amur. J. Phan 
82,360; Muller, Zeitsch. Allgem. Osteit. .^ot 
Ver. 1908, 46, 319, 331. Cf. Stbophahthos. 
OUTREMER. Ultbamabine (q.v.); al 

PlOMBlNTS.- 


OXALIC ACID OjHjO,, or COOH 

• ioOH 


results than bard woods, such as t»uM and beech. 
In order to obtain a finer product, the siwdust 
is sometimes treated with an alftaline lye 


This acid occurs as the acid potassium salt I remove resinous and like bodies before fusion. • 
in wood-sorrel, garden rhubarb, and many other | This process has recei^d many mociinoations, 
plants. The spring foliage of many plants such ! the chief one being the addition oi some oxidising 
as Sambucus nigra, Crutcegus oxycaniha, ^sculus agent. An iinprovoment is rlater- 

kippocaslanum, contains small quantities of Syberg (Eng. Pat. 23082, 1893). The materia 
oxalates. Notable quantities of calcium oxalate rich in carbohydrates, especially wood and moss, 
have been found in Acacia Oambegii and other is impregnated with caustic alkalis and tnon 
sfieoies of Acacia. As calcium oxalate, it occurs heated in presence of an oxidising apnt. ilot 
in many nchons and in certain urinary calculi, ail* or a mixture of steam and not air, may 
and in the free state in found in {Poly- conveniently be ased as the oxidu^g agent. 

poms) igniariue, in be% loaves, aqd in the juice Acetates amd oxalates are formed, tne relative 
of tft«^cl^ pea. It is one of the constituents proportion of each depending on the tempefature 
of the ‘ifrganio non-sugar’ in the saccharine employed. By working at about , acetic 
products from beetifo^s, a'ftd to about 2 p.c. in acid and a very small quantity of oxalic acid are 
^ saturation mud ’ of ^ugar refineries. It is also formed. On raising the temi^rature to .8-"Out 
produced in tha oxidation of Carbohydrates by a 300® and increasing the quantity of hot air, tn 
large number of bacilli (Zopf, J. Soc. Chem. Ind. formation of acetic acid aUuoat entirely ceases, 
1900, aSb; Banning, Hid. 1901, 1161); .and whilst oxalic acid is? formed in large quantity, 
also bSTiie action of mutiy fungi and yeast,^ Pulp suitable for papor-malung is obtained as a 
(Bindner, ibid. 19W, 628; Raistrick andj:^lark, by-product. CJ. Hedenstrom (Chem. Zeit. 1911, 
Bio-Chem. J. 1919,13.329). -* \36, 863). l . 

Oxalic acid is oi^asionally fcnind in beer, ^ modificati^ 
duo apparently to the action of wild yeasts, and that of Zacher (Eng. Pat. 2308, 1897), m_wmo 
leads to the formation of caisiun^ oxalate the ^sxidising material is so^um ^peroxide pr 
crystals in 4eor deposits (Wi«, Zeitsch. Ges. hydrogen peroxide and the heats^ is earned 
BniSv. 1916, 38, 10^116). out in a vacuum, feawdpst or otlfer cellulose 

It is obtained alkafine sqjit when^an material is placed in 
alkaline formate is gently heated, and as thd which is exhausted. The contents are then 
ammonium salt when an aqueous solution ofi slowly raised to about 70 te deprive the saw- 
cyanogen is kept for 8om«*time. The sodium dust of moisture and air. Hot alkali lye w tfi^ 
salt is produced by passing Carbon dioxide over admitted vdth continued stimng anC tnj 
sodium heated tp^aO®. The* free acid is one of vacuum kept constant until a temperature not 
the prinbipal products of the action of nitric exceeding 180® i| reached. Towar^ 
acfff and* other oxidi^ng* agents on organje ,of the procesg, an oxidismg agent such ^so^um 
m^ter ^ ViS* 8 •peroxide, hydrogen peroxide, or ^ ^nnehed 

Preparatiom —Moissan has synthesised potas-, with oxygon is admitted. The finisaed produ^ 
sium •oxalate by*^e dfrect union of carbon is dissolved* in water in the same yesael, and the 
dioxide aiid^^p^fasfium hydroxide at^80®-200® solution forced into an op6n 8tu^goy^ 
lOompt. rend. 140, 1209). ht the laboratory, Iwhich it is thiMed and 

•oxaJioaeid may be obtained by gradually adding ^alcium oxalafb oij/iaAed, prat^irf^y ftee from 
8 parts 4 nitric aciCef sp.gr. 1‘38 to 1 part of ^ojS-bondle, is ^composed 
wmte sugar or starch, heating tlfe miattfre to It is statCd that a good wb*te^ oxalic acid is 
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produced ty this process with one recijratalliaft-1 ^en regenerated by the addition of slaked lime 
tion [v. also D. R. P. 103^^6). , | and pilcipitated calcium carbonate and oxalate 

Another method is^o oxidise the cellulose -j ^jfecomposed by sulphuric^i^d -(v.^lflo 5V. Pat. 
oentaining materials, In solution of caustic sodar 358786, and Eng. Pat. 22225; 1^6). * • 
or potasjji of ap.gr. r04 to 1*1, with perman- j The Eleotrodtemische Werjte <rf Bitterfeld 
ginates or maiiganates. The jields are better 4 find that opiates are speedily and evenly pro- 
than those obtained by -hiating with caustic ! duced from fol’mates bv heating in % partial 
potash alone anA a much lower temperatere Is j vacuum to a temperatur 0 *belojg 360®. preferably 
required (Droste, B. R|.P. 199683). n about 280®. Processes necessitating heatiM 

Nitrate# or chloraws in the ^osence of j with 8t)diuin carbonate or oxalate are impjovea 
Mg salts at a higL temperature are also used as ; by working in a vacuum, but tl^e best traits 
oxidising agents (3. R. P. 277733). • ' are obtained by heata the forijate alone (Emg. 

Oxalates are also produced together with [ Pat. 19943* 1907 ; nr. Pft. 381246, |1907 ;♦ 
other products by the protest of Cross and I). R. PP. 204896, 269833). 

Young {.Eng. Pat. 28077^790^. A nitrate oj | Dugan descybes a method by which sodium 
mixturoW nitraftss is mixed wiS a carbohydrate «s .sprayed into a pebble mill in which a heated 
of the sugar type, an alkali or alkaline earth, and ) atmosphere ^*qp,rbon dioxide is maintained 
a little water, and the mass is giadually heated— , (U.S. Pat. 1232249, 1917). 
ultimately to I60“-I70®. The mam products j Materials Antaining cellulose, suej^ as peat, 
in this case are (^yanide %r 4 l oxalate. The j vinasses, sawdust, can be made to yield oxalic 
addition of iron to the nyxture produces an j acid Jiy 4reatment with caustic soda ()r potash 
excess of cyanide, and the addition of sulphur, i in the presence of lime, nitrates, metallic oxides, 
or a sulphur c< 4 mpound, a thiocyanate. Am- | and air between 170°~190® (Effront, Fr. Pat. 
moiiia is evolved during the process. j 373167, 1906). ^ • 

A process for the preparation of oxalic Hompel's process consists in hqjding taustio 
acid and cellulose (Lifschiitz, Eng. Pat. 1824, j soda^ and carbonate of soda oi» analogous sub- 
1891) consists in treating wood, jute, sti-au', l stances with carbon monoxide under pressure, 
and similar^materials with a mixture of dilute j At 200°-360'’, formates are produced, and at 
nitric ®nd sumhuric acids. The brown vapours higlier temperatures up to 420®, oxalates, 
evolved, conSsting of NO, NO. and N^O^, are Oxalates are also produced by healingrfonnatcs 
•reconverted into nitric acid. The acid liquid is with or without the adrhtion of mchflerent sub- 
used for other operations, the temperature stances at 200°-420® under pressure (Fr. Pat. 
being gradually increased as the nitric acid 389039, 1908; Eng. Pats. 3429, 1908; 4897, 
becomes exhausted. When this occurs the 1908; 3904,1908). 

oxalic acid is crystallised out by cooling. The The bark of 8 )iorea rebusia, which contains - 
ligneous material after the action of the nitric considerable quantities of calcium oxalate, has 
aoid is converted into cellulose by treatment • been described as a suitable material for the 
with a weak alkaline solution. manufacture of oxalic acid (Eng. Pat. 110837, 

A completely different method is that^of 1917). The waste liquor from the manufacture of 
CToldsohmidt (Eng. Pat. 26i7€, 1897). Sodium ! paperpulpiial8outili8od,^xidationbeingeffected 
foriimte is prepared by the patentep’s method with nitnc ac{^i (U.S. Pa7. 1217218,1917). 
of hating tjpdium carbonate under pressure in Bucher describes a process in wW.^ wdiuin 
a current of carbon monoxide (Eng. Pat. cyanide is electrolysed, the oyanogennormed is 
17066, 1896). 4 parts of crystallised sodium absorbed by 44p.c.^(JI,^b^reby it is converted 

formate are then intimately mixed with 6 parts to oxamide and finally the actioii of con- 
of anhydrous sodium carbonate and rapidly centiuted hydrochloric acid Jo •oxalio acid 
heated in a molten fead bath at 400®-410. Air (J. Ind. Eng. Chem. 1917, 233). 
is preferably excluded and 7he hydrogen evolved Dxaho acid is usually obtained 
is collected. The reaction presumably follows (palates resulting fiwm these procesaes^y dis- 
tho equation 2HCOONa=(COONa)3'fH2. The solvipi; them in water and preoi^tating 
sodium carbonate is pubsequently dissolved outj calcium oxalrfte, which is filtered off, was^d, 
with \jater at 33®, TeiJ^ng sodium oxalate.* and decomjpsed with fulphuric^ acid. The 
^n improvement on Goldschmidt’s method solution is then filtered, evaporated, and ailowea 
is patented Jby Wiens who heats formatesWi’ith to cryst^lissi* Other methods are used to some 
previously nfpduced oxalates, in place of sodium extent. McDougall and McDeugoll obtain 
carbonate, *at 360®-^10® (L\S. Pat. 714347, oxalic acid by first preiiaring the pota^uqj salt, 
1902). Koepp and Co. heat the formates with adftina a smtaljl# sulphajej^e.g. aluminium sul- 
small quaniflfties riess than 6 p.c.) of alkali ^hatej and sulphuriil acid, and separating the 
hydroxide. The mixture rapidly melts, hydro -1 ►resulting alum by crysiaUisatiou, adding alcohol 
gen is^volved at about 290® and the reaction is if necessary (Eng. IW. 17971,1907). 
womprete at 360®, occupying about«half an hour Another mathoU is to add hydrofluoric acid, 
in all (Fr.^at. 331498, 1903 ; V.S. Pat 748791, which precipitates The alunfa| artificial cryolite, 
1904; Eng. Pat. 9327, 1903).. NagAlF, (G. MiitL D, R. P. 21^40). The crude 

Feidkamp (U.S. Pat. 8029w, l^OS) simpUfiej ‘ a^id k usually somipw^at dirty fronj adh^nt 
the sodfbisQ formate method«o£ manufacturing mc^er-liquor. It is sepaarated therefrom by a 
oxalates by heating caustic soda in a current of,, centrifugal cleanser, washed with -a minimum 
carbon monoxide end dioxide (water gas or quantity of cold watef, an^e^stalliseds 
producer gas). The insulting mixture of sodium The a>pid oannottbe puri»d irom oxalates by 
formate T>nd carbonate is afterwards heatbd tcff ordinary reory8||lli8ation, but requires to be 
a higher taiipiratpr© AtU th^ evolution ofi crystall^ed^from hydrpchjorio acid of 10 W 19 
hydrogen ceases, and a mmun of oitflate p.o., which retains the fitwes os ohic^des. A 
Carbonate is preduoed. ^The oaustip alkali is ^ secondisoryst&lUsatlpn. removes the acid. The • 






pure ttoiAmay also be prepared by'aublimatitk bat wii4t.beated with the 

»B deseed.below, or by deoompodjil; the decomposed into carlwn mononde a 

methyl hr et^yl ester^th water. e without darkening the aoid. , i._ 

Pole ttie preparation of pure oxalic acid, land phosphorus pe“t# ^nd . * 

Sohraatolla«recommends crystallisation from cause the evolution (d these gases. i,,,* in 

absolute alcohst containing a dreg) or two qj, without action.on tie “““y ^^ 
sulphurW acid, followed by crystallisation from presoifce of water is reduced to hytooonio 
water, the solution b«ng allowed to stand for asid jyith evolutiorf of 
eeveral hours innoth oases. The crystals are Vhlontes and chlorides of easily re 
tlien dried at 30°-40°, and finally over calcium such as go» and platinuli,have a si^laf action^ 
chloride (J. Son. Chem. Ini 1901,490). Riechel- brojmne water 
I maL profors\mystalli^ P cW^nd erystalline 

•once tfom water (Chem. SOc. Ahstr.dSas. i. 4.ia). auVnliate Uouefies in 24 hours givuig 

Properties.-Oxkc acid a^yrtaffisee hy&Vn omlate and sodium hyebogen 

__ K„‘«T,rnhmio acid, it When exposed to bright 


WttrXiCl. »•, , -J 4* 

In an atmosphere dried by sulphuric acid, it 
graduaUy loses its water. Tho*water is also 
gradually evolved and the oryftfala become 
opaque when heated at 60° or 70 . § the 
crystals melt in their water of crystallisation at 
98°, and are then somewhat difficult to desic¬ 
cate, it is advisable to dry the crystals at the 
lower •tom^ratures. iSaturated solutions o 
oxalic acidiosft acid even on the water-bath. 
The anhydrous acid (dried as above) may h^ 
volatilised even at 100° and readily at 157 , ana 
be«thu8 obtained in pure white needles, ine 
temperature should not be allowed to exceen 
157°, as considerable ilccoinpoHitiou ensues and 
an inferior product is obtained at 160 . 

When oxalic acid is dissolved in 12 parts ot 
warm concentrated sulphuric acid, the solution 
gradually deposits glistening rhombic pyramids 
of the anhydrous acid, whicli rapidly absorb 
two molecules of water and fall to powder. 

Oxalic acid dissolves readily in water and m 
21 parts ^ cold alcohol. It is also slightly 
sblublo in other, but insoluble iii,ehloroform, 
benzene, and petroleum spirit. , ,, t 

«1» fbllowing table gives the solubility ot 
oxali8 a<9R in water as averaged by SeideU from 
the results of Alluart; Miezynski (Monatsh, 
1888, 7, 268); Heniy (C 


When exposed to bnght 
solutions are decomposed, 
dioxide and water (tlouns and Blunt; ® 

Soc 28, 209); bb oxidatiofl with nitiic acid ot 
s^^r i 4 ind IvM oxaUc aetd is com- 
nletcly decomposed mto these products, 
cording to Richardson (Chem. Soc. Trans. 1894,^ 
462) hydrogen iieroxide acts similarly {/• 
^oweveZ jorissen and Reiohler, Chem. Zentr. 
1904 1.81); the reaction IS greatly accelerated 
I by eerttdn metals (0. Sale, M. I*'-*. >• ' . 

(Jerlain substances have the ^n, 

' ing the decomposition of ““Bji «id solution. 
Thymol was first recommended by Geriand p.. 
Soc. Choin. Ind. 1891, 20), and an examination 
of a number of substances has been ^ 

Jorissen and Reiohler (Chem Zunt^- 
S69). Oxalic acid is reduced by nascent hyor 

*™Iiy fhe °ac‘tion of phoephoraa P®ntMhloride 
(2 mols.), anhydrous oxalic acid (1 mol.), oxaly 
chAiride CjO,Cl, is formed {j-v.). 

Solutions ol rfijalic acid decompose car- 
bonates rihoaphatel, chromates, &c., and even 
fluorspar, ^'hen heated with sodium or cerium 
chloride, the powdered acid liberates hydro¬ 
chloric acid. Potassium and sodium, when 
heated with the dry acid, cause ^n e^o'“t‘“n “ 

1 1 -_ ...4 au nf fl, cai’bonate, me 


l:rt~K(imer®Si. ™ 164);- te^niAture rising to incandesce„ce._ 

Orms. (€09H)j 
per 100 grins. 


t“ 

0 

AO 

20 

26 

30 


#»rin8. (COOH)a 
• flbr grmfl. 

HaO 

3-46 

Solutiou 

3-33 . 

6-65 

• 8-26 ’ 

8-78 

8-07 

11-36 

10-21 

*3-77 

• 

• 11-91 


1° 

40 

60 

60 

70 


tgO 

21 16 
31*63 
46-66 

ae%2» 


^luUou , 
17-464 
23-97 
31-37 
38-86 


ipfrature rising to meaiiu™..,...™. 

When heated with glycirol between 70 and 
90°, oxalic acid is converted into formic acid 
with evolution of carbon dioxide, glyceryl acid 
oxalate being formed as an 
duat (Chattaway, Chem. *io». Trans. 19K 161). 

The commercial acid and alkaline ^^tes 
frecuiently contain organic matters which ^u^ 
chairing when heated aloiie or 
acid. Sulphates are usu^y presdbt. 
and other heavy metals fiAquently occur. A^u 
has found as much as 8-3 p.o. of Iq^d oxide in a 
sample of the acid. • , • 

Oxalic acid is largely used as a 
in oaUco-prmting and dyeing, and fw bl%ohii« 
flax and straw.. In dyeing it is use4 as a sub- 
stitfho for cream of tartar, on aooount of iM 
cheapness. In tSe process of ‘ otaommg wool, 

iHCO, • • '•* Its uWy li«s in,it8 power of fom^ double 

ldo’,O.1-2MnC.O4-l-10CO2-h8HjO salts a^ in its reducing propertiesJK^r, J. 

(J. a WitO. »ys. eiif™- ®““el6mtteg^^e actSof!^^^^ 

presence of* sulphuric acid it j... .8« Wmetinn of a ahromium 

__-with Tfroduotion : 


Oxalic acid « **|ioworful aed»cing,agpnt 
The aqueous solution is ofidis^ at the oijmnary 
temperature in presence ofjoeroxides of lead and* 
manganese. It precipitates gold from sola- I 
• tion of the ohlorid^ and, ii^ 8u»light, similarly 
reduces platinuj;i«onloride. Oxalic %cid reacts 
.with potassium permanganate as follows: 

IJ. 
in 


In presence bl* stfipburio aoia due to the formation of a (jhromium 

by potassium .pennanganate.with ^duotion P 7 | Oxalic icid with strong oxidising 
J /arbon dioxide and manrfnese.and pot^^ CpS (PiStoe! M *19(1, 369, 49ll 

^^Tulphlfnblck 2*t o?n:*r;tem^rature,feo Geqrg^, 947).. The function of. 
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oxalic aoid^in the indigo discharge has ^ the cnsouw UA Iffdroohlorio %oid with, 

also been studied by M^lerus and Margulies aooura^ by titration with peamanganate if 
{ibid. 1893, 758); SchanosohnikofF and Michir^f initial temperature ofMitratio&is n6t below 
i^bid. 1902, 1270); aifd Jorissen and Reioheif 70® and the permanganate is^un in 8l(?Wlf. The 
(f6id. 1903? 623). Werner (Chera. Soc. Trans, concentration ofathe hydroohlorio «0/oid should 
10(^4, 1388) hnds that by^he a^ion of chromic,,iiot exoeedt20 c.o. dilate acldT^sp.gr. 1*04) to 
acid on oxalic acid, an acid cnromic cfkalate, 150 c.o. oxaLid solution, containing ftot more 
H0Or,(CsO4)e, is produced,*and his result are than 0*3 gram crystalUsId o^j^c acid. Qoocfa 
ooulirp^ed by Jorissen and Reicher (ChemJ and Peters recommend the addition of a 
Zentr. 190^, i. 81). is also enl^loyed for ganese salt (Zeitsch, anorg. Chem. 21, ^18£>;, 
whitening leather, for making formic acid and Oxalic acid is occasionally an im^girity in%vdro- 
its esters, and foi removing ink or iron stains gen peroxide in whicj it may he detected and 
from fabrics, marble, &c. A solution of Prussian estimated Iw nearly*neutr^8ing, addinf am-* 
blue in oxalic acid is em];)lf^ed as a blue ink. monium a^tate and suMequently calcium 
Oxalic acid forms a constitaent of several dyes, acetate, and treating the calcium oxalate by 
Georgevi'Js ha8*prepared*a d^-stiiff which ft any of the welP-known methods (Roche, J. Soo, 
yellow in colour, by beating resorcinol with Chem. Ind. W|^2. 190). Oxalic acid may be 
oxalic acid at 160® (J. Soc. Chem. Ind. 1898, estimated in acia beet leaves by the method of 
837). Oxalic acid has great cleansing power for Schlosing (JMlow, ibid. 1900, 3^). The 
brass and other metal, and^ven for wood-work, methods of^determination in diffusion sugar 
and forms a constftuent of a\ least one soap juico^ar%reviewed by Androlik and Stanik {ibid. 
composition for cleaning metals, ttc. 1900,* 178). 

Detection and- Kstimation. —Solutions of cal- Heating with resorcinol and dilute sulphuric 
cium salts, evSn of the sulphate, give pre- acid (1:1, or even weaker concentration) serves 
cipitates of calcium oxalate, on addition to to distinguish oxalic acid from tertaric and 
solutions of oxalates, soluble in mineral acids lactic acids; the colorations s§ obtained are: 
but not in acetic acid. Free oxalic acid is pre- •lactiS acid, red ; lactic acid, green; tartaric 
cipitated by lime water and calcium acetate, acid, yellow (Brauer, Chem. Zeit. 1920, 44, 
but it<B better to render the solution alkaline by 494; Chernoff, J. Amer. Chem. Soo. 1920, *42, 
ammonia and acidify witli acetic acid before 1784). 

, testing. Pure oxalic acid and oxalates do not ^ 

char when heated alSne or with concentrated UXAlaies. 

sulphuric acid. It decolorises permanganate on This extensive series of salts includes both 
warming. Silver nitrate produces with fteutral normal, acid, and double oxalates, and a class 
solutions a white crystalline precipitate of silver of acid salts known as tctroxalates, appar- ’ 
oxalate which is very explosive wnen dry. ently produced by the combination of one 

For estimating this acid, the hot dilute solii- molecule of oxalic acid with one molecule of 
tion, free from mineral acids, or neutralised with an acid oxalate. All oxalates decompose on 
ammonia and then acidified w’ith acetic a#id, heating, the alkaline salts forming Carbonates, 
is precipitated with caiciunj ^iloride or acetate, For modes^f the decon^osition of oxalates on 
or, when sulphates are present, w^h calcium heating, ste llerschkowntsch, Zeitsch. onoi^. 
sulpftate. For its estimation in presence of Chem. 1921, il6, 169. Only a limited mumber 
interfering Substances, reference must be made of oxalates are of technical importatlfe. * 
to standard works on analysis. After standing Potassium oxala4e C3O4f.2,2H20 crystallises 
for 12 hours, |he precipitate is filtered off and in monoclinic prisms or pyramids, readily Bauble 
dried, and is ignited at a dull, scarcely visible in water. The atid salt CjO^^Ki is found in 
rod heat to convert it into carbonate. A little rhubarb, sorrel, and other plants. It occurs 
saturated solution Sf ammonium carbonate is either in anhydrous, monocfinic prisms, or m 
then added to reconvert into carbonate any of triclinic crystals containing one nmiQCule of 
the substance which may have become causti- "^ater. The acid liait, which is much fees soluhie 
cised, and the mass^is dried and heated suffi- than ^he nomal salt, forms with oxalic acid 
ciently to remove hhVwholo of the ammoaium* potassium ^trozalate %0’4KH*Ca04Hj,2Hj0,, 
salt. When the precipitate does not exceed a which formsxriolinio crystals solubre in ^ parts 
grata, it is preferably ignited at a brighi-red of water^t 

heat over tlf^ blow-pipe and weighed as oxi<^. * Both*thes% acid salts are sol(4 as * s^ta of 
The ignited* precipitate may also be titrated sorrel ’ or ‘ salts of lemon,’ and are used iylr re- 
with standard acid. * mtving ink stains, &c., and ^alao for scouring 

Another ^cellent method consists in dissolv- anetalC olefinsidg wood, Sof, for which they are 
ing the moist precipitate in dilute sulphuric acid ^ at leait as suitaWe as^he free acid. * 
and titrating with deoinormal permanganate. The normal sall«may be prepared by neu- 
TWb permanganate method ^ applicable tralising the acid with potash or potassium car- 
directly to<fche ordinal substanoj, provided other bonate. IJh® ^bid4ialt majfcbe made by halving 
oxidisable substances are absent. • a solution of the acid, neutraflsfing one part, and 

Another alternative is t& add dilute sul- : adding the other.* The tetroxalate w svoib^ly 
phunc acid to the preoipitat<4 in the crucible iif ! jfr^ared by neutransirf; q^e-fourth of the sota- 
sufficient Quantity to convert it into, calcium ^ tion and adding the remainder, ^ by adding 75 
sulphate, and subsequently to Ignitq and weigh* parts of potasrium chlsride 262 parts of oxalic 
as calpium sulphate. • ^ acid, b(^h in saturated sMtrtfcn? Foti^um 

Hydrochloric acid is generally held to inter^; oxalate S omplQ|’ea in the hot bath used in the 
fere with tijp*volumetric* estimiition of oxall^ platinotypa proOTss, and is also used in sthef 
acid, but accordftig to Baxte^ai^ Zanetii (An^r. photographic operations.^* 

»Chem. J. 1906,5l^)oxaU^acidmay heestlmared I Solj^tions* of ;E|ptassium hydrogen oxaUte .i 
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tend to ^eak up into the normal potassiuift | deposited^ as a y^ow |»e(dpitate on mixing a 
oxalate and {he tetrolalate. The latiijr salt normal oxalate with ferrio c£loride/6r on treat- 
may be bryst^Jifled frt>m a not too concentrate^ , ii% freshly preoipitate’d ferric hydroxide with a 
— Ij. 1 . —.4. lAO iijuantity of oxalic aoid'igsuflficient to dissolve 

the whole. The solution in oxalic aciU gradually 
^deposits ferrou^oxala'de on exposure to the light. 
Double salts with the alkalis are obtained by 


solution of the aoid*balt at 10' 

Sodium oxalate CjOiNag occurs in various 
plants growing iA salt marshes. It ^nd the aci«J 
salt are ]^epaTed similarly to the potassium com¬ 
pounds. ^0 qu^ofhlate has yet been pre-1 dissolving ferric hydroxide in acid alkaline 
mared. The normal salt requires about 36 parts igexalates. These are used in* photogr^hy in 
01 cold water for eolutiop. It separates from! the prepaifetion of plenum prinUng papeis. 
hot sohitioDB in dne glistening needles or os a i Sodio-ferric oxalate 

_Ql-h: _2-j— c«n. ic «*;il Ti^ci ; - _ 


o^^Uine powder. The acid salt is still less 


Na8Fe(C804)3,4^j0 


Ammonium oxa^iate C804(NH4)i4H20 occurs ! forms large groe^ crystals. The ferric am- 
in Peruvian guano. It ciystallisea in long rhom- ' moniura oxalate is -sometimes used instead of 
bio prisms readily soluble in w&ter. The acid ; Jho double citrate foi? producmg blue prints in 
salt is less soluble, crystallises ^yliombic prisms i photography. , 


and gives a tetroxaUite isomotphous with that 
of potassium. These salts are prepared similarly 
to the potassium salts. ^ ^ 

Ammonium tetroxalate is occasionajly found 
as a crystalline deposit, of m.p. 130°, in sfffnplea 
of commercial amyl nitrite formed by its do- 
composition (Sandgrist and Mohlin, Ber. 1020, 
68,174). j 

Calcium oxa^ata CgOiCa is widely distributed 
in the vegetable kingdom and is the least sMubl* 
of the calcium salts. It occurs m rhubarb and 
other plants, frequently in aggregations of 
needie-uie crystals. In larger proportions it 
occurs in many lichens which grow on limestone, 
and in certain urinary calculi. It is precipitated 
as a powder containing one molecule of water, 
by addition of a calcium salt to an oxalati'. 
When heated to 180° it becomes anhydi-ous, but 
it reabsorbs water when exposed to the air. The 
acid salt has not been prepared. 

Barium and strontium oxalates resemble the 
calcium siffls, but are somewhat soluble in water. 
The neutral magties^m oxalate, And double 
oxalates of magnesiSm with nothssium and 
ananenii^si but not with sodium, arc known. 
The *acitJ? magnesium oxalate has not been 
prepared. » 

Vuprous oxalate is prepared by sprinkling 
cuprous sulphite into a hot> solution of oxalic 
aoW. It is obtained as a brown substance com¬ 
bined vjth 2HjO. On heating it changes to a 
grey ojlotir, loses water, ^nd finally undcfgocs 
ffblent dacomposijion (Danids, J. Araer.*Chcih. 
Soc. 1916,1167). # • 

Ferrous oxalats ^ours in ligmte combined^ 
*with l^HjD as hunwoldiinfi. It'may be pro* ' 
pared as a heavy yellow, nearly tasteless 
powder, aln^st insoluble m an<jC*sparingly 
Boli\^le in hot watei, by mixing ferrous sul- 

{ )hate with oxalic acid or an axalate; or intf no 
emon-coloured cr^^ls by ej/JosuTe of% Bohy 
tion of hy^ous ferric ofido m oxalin arid. It 
is also slowly deposited f^am a solution of iroif 
in oxalic acid. The artificial variety contains 
2H-0. An acid oxalate appearlfto gxist. 

Ferrous oxfliAe is employed as a developer 
'itfi^hotography. The solutiBn used is obtained 
by adding ferrous sqjpBatff solution to exeqp^of 
potassium .oxilate. The ferrous oxalate exists 
m the resulting tfcrowm solution as a double 
ferrous poUks^lin^ oxalate K 8 Fe(Cj^ 4 )j, 2 H 20 . 
TOen heated jt is convertSd into a mixture of. 
• ircH and ^ely divided oxide, admirable 
i optical pul^oses. 


Antimony oxalates. The application of anti¬ 
mony oxalate and the double oxalates with 
the alkaline metals^in calico-printing has been 
noted under article ANTiBiioNv, Vol. I. The 
normal salt Sb 203 ’C 404 , 2 H 20 is obtainable by 
boiling antimoiiiouB chloride or oxychloride in 
oxalic acid,, or by mixing a saturated solution 
of oxalic acid with a hydrochloric acid solution of 
the trichloride. It crystallises out as a granular 
precipitate. The antimony potassium oxalate 
SbK 3 {C 204 )a, 6 H 20 is obtained in» monoclinio 
crystals from a solution of antimonic ^cid in 
acid potassium oxalate. It is usodms a mordant 
in dyeing. The sodium salt SbNa 4 (CaO 4 ) 4 , 10 HjO^ 
is similarly prepared. *» 

Cerium oxalate 062 ( 0204 ) 3 ,lOHaO is a white, 
slightly granular, insoluble powder, permanent 
in the air, odourless and tasteless. It may be 
prepared by the action of oxalic acid solution on 
corous oxide, or by addition of oxalic acid to a 
soluble cenum salt. Cerium oxalate bos medi- 
oii^l properties resembling those of bismuth ^ 
subnitrate, and is^used to prevent the vomiting 
of pregnanpy and iri*certain diseases (Jolin, Bull. 
Soc. cnim.'^ii.] 21, 640). » 

Methyl oxalate C 204 (CHj), is •obtained in • 
rhombic tables melting at 64° and boiling at 163'^ 
by dissolving anhydrous oxalic acid in methyl 
alcohol and washing the crystals ^ith cold water. 
Methyl oxalate is converted into oxalic acid and 
methyl alcohol by i)oilin^ with water. Pure 
oxalic acid may thus be prepared (v. Methyl). 

Ethyl oxalate 0204 (C 2 H.)j is a liquid which , 
may be obtained by slowly heating a mixture of 
3 jmrts (jf the anhydrous !>oid and 2 parts of 
absolute alcohol to 100 °, afterwards heating to 
12^ or 130° while the vapour of 2 parte of 
absolute alcohol is passed in. Th^thyl oxalate 
is separated by fractional distiBation. This 
oompound is an aromatid oily liquid boiling*at 
186° and is decomposed by wat^in the same 
manner as methyl oxaMo. Treated with 
phosphoric chloride at 160°-166° it yields a 
mixture of ethyl chloride, phosphoryl dlllorid 4 
and oxcdyl ckloi^e OoOaCL (Fauconaier, Compt. 
roal. 114, mf. 

A great number of aromatic esters of oxalio 
'acid have bben prepared and characterised by 
Bischoff and Hedenatrdm (Ber. 1^2, 3437); 
and also Anselmino (Ber. Deutsch Pharm. 
Ges. 1903, 494). • , 

. The decomposition of oxalates ou heati^, 
although taking placse approximately according 
jTtfl the c®®® 


'erm oxalate. The normal «ealt ^ slowly | 8 l oalciui]> oxalate in reality more complez^e 
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gome carbon is always produced djjring the 
ignition of calcium oxalate. Sodium and 

barium oxalates follow th« courses • 

. 7Na,G,04=7Naf30,+3C0+2C0j+«'! •' 

and 811fiC^04=8Bat03-jf6C0+C0,+C 
Magnesium oxalate gives equal volumes of SO and , 
COs and no carbon, MgCjO/^MgO+CO-ljpOt; i 
but most other oWates give notabie quantities^ 
of carbon dioxide and dfcrbon (Scott, Chem. Soc. | 
Proc.'1904, 168). '' 

The electrolyti* reduction of oxalic acid and 
oxalates in sulphuric acid solution to derivatives 
of glyoxylic ocid was first patented by Portheim 
(U.S. Pat. 798920, 1906). , 

Kinzliierger afid Co. (IX R. ft 103842) reduce 
oxalic acid, its esters, and amide plectrolyticaliy 
in a cell with a lead cathode and a diaphragm in 
presence of sulphuric acid of strengths varying 
from 2 to 90 p.c. monohyij'-ate. The current 
density is 2 to 10 Xmps. per*8q. cm. and the 
temperature must be kept low. Oxanilic acid 
or its derivatives in the same conditions yield 
nhenvlglycine of a derivative {v. also U.S. Pat. 
^7083 ; D. R. PP. 204787,194038). Kinzlbergcr 
& Co. have since secured an additional patent 
for the use of electrodes of metals not attacked 
by sulphuriaaoid, particularly mercury (I). K. P. 
210693<. Bdyer & Co. make use of sodium 
amalgam in ttie reduction of oxalic acid deriva- 
;ti5e8 (D. E. P. 201896; J. Soc. Chem. Ind. 

1908. 1176). • 

OXALIC ACID FERMENTATION v. 
Fermentation. „ „ „ , , i 

OXALYL BROMIDE C/ljErj, formed by 
the action of phosphorus pentahromide upon 
anhydrous oxalic acid, or better, by treating 
oxalvl chloride with hydrogen bromide. A 
greemsh-yellow liquid, b.p. 102''-103''/720 mip., 
m.p. —19'6°. Is readily decomposed by heat 
into carbon monoxide, bromme, and carbonyl 
brom«ic, and is more reactive than^lie corre¬ 
sponding chhiride (Staudinger and Anthes, Ber. 
1913, 46, 1426). „ ^ 

OXALYL CHLORIDE G,O^C], was first 
obtained by Fauconnier {Compt. rend. 

114, 122) by heating diethyl oxalate (1 fnol.) 
with phosphoric chloride (^mols.), but is more 
easily prepared by the action of phosphorus 
pentachlonde (2 mols.) on anhydrous oxalic 
acid (1 mol). It forms white crystals, m.p. -12 , 
b.p. 64'’/763 mm., tfSiKsts quantitatively mth 
water, tfielding carbon dioxide, carbon monoxide, 
and •hydrogen chloride, and is converted yito 
oxalic acid V^j^en treated in the g^eous state 
with water apour, into oxalates by alcohols, 
and into oxamides by^amines. Forms carbonyl 
chloride and ^arbon monoxide when heated to 
600° or when boileft'with aluminium chloride in 
carbin disulphide solution, and may therefore 
he emiffoyed in place of carbonyl ohionde in the 
Friedel-Crafte synthesis (Staudinger, Ber. 1912, 

45, 1594). , ,, . 

With ethyl mercaptan oftilyl chloride in 
cold ethweal solution forms ^hyl Mto-oxalate. 
C,0.(SEt),;»a viscid, yellow oil, b.m 238 - 
240°/767 mm., m.p. 24°-26 (m.p. 27, 
b.p. 23f°, Jones and Xasker, Chem. Soc. Trans. 

1909, 19(M), light yellow crystals (Staudinger, 

Ber. 1908, 4L*858). * ^ , 

For the aoti<A of oxalyl rolyid© on%ami , 
%nd amides, see ^pomwa^r, Proo. Aka^ 


AdD. 

Wetensch, Jlmsterdam, 1911, 14, 4^} Chem., 
Soc. Akstr. 1911, i, 161. * . JL » 

. For its action on aroijiatio hyo^arftons, see 
fiebermann, Ber. 1912, 49, 1186; eo* poly- 
nuclear hydrooar^ns, Liebermann and Kardos, 
Ber. 1913, i6, 198. It affor(i% a satisfactory 
* means of intfoducing carboxyl grexps into 
aromatic hydrocarbons,* an^ when methyl 
groups are also present in the phenyl radicl^% 
higher carboxylic acids are readily obteined on 
oxidation. Oxalyl cnioride diffem in it8*6^ction 

£ ___ -nikl/sVi Tna;n1ir«.Tnp1dB 


L VVI. X VI .^VVXWAA of oxalyl c- 

carbonyl compounds, aee Staudinger, Ber. 1909, 
42, 3006 ; Chem. Soc. Abstr. 1909, i. 906. On 
oimethylaniliile. ste Staudinger and Stockmann, 
Ber. n)09, 42, 5186; Chem. Soc. Abstr. 1909, 
i. 790. • . • 

Methyl dithio-oxalate (CO'S'CHjlg, pale 
yellow crystals, m.p. 82*6®-83’6®. 

PPop}^ (litkio-oxalaie (CO'S'CgH^)^, yellow 
liquid, b.p.,168°/J6 mm. o r. tt 

ISO"-Amyl dithio-oxalate {CO‘S*C^jj)j» 

yellow liquid, b.p. 206°/19 mm. * • 

Phenyl dithio-oxalate {Ci^HjjOjOj), sulphim 
ycllo?^ prismatic needles, m.p. 119^-120®, 
readily soluble in ether or light petroleum. 

By the action of alcoholic potaswum hydfo- 
sulphide on these substances also in alcoholic 
solution, the alley! mercaptan is formed and 
potassium dithio-oxalate CgOjSgKj results. 
Very soluble in water; forms large colourless 
prisms. Unstable. Solution^ gives yellow or 
orange-yellow precipitates with metallic salts, 
which decompose on heating (Jones and 
Tasker, lx.). 

For other reai^tions with oxalyl chloride, ^ee 
Franchimont, I’roo. K. Akad. ^IVetonsch. 
Amsterdam^ 1913, 16, 376; Folpmers, Rec. 
trav. chim.*1916, 34, 3«; Figee, thid. 1916, 
34, 289 ; LiebSrmann, Kardos and Mj|llll% 

1916, 48, 1648: Bornwater, Rec. ttym. 
1916, 36, 124; IW, 3fi, 260; Adams and 
Weeks, J. Amer. Chem. Sol:. 1916, 38, 2314; 
Adams, Wirth and* French* ibid.WS, 40, 424; 
Gina, Gazz. chira. ital. 1917, 47, i. 61; Copi- 
sarow, Chem. Soc. Trans. 1918,113, 61&° 

tfXAMINE BLItf!. -MAROON, ^-REDT 

-flOLET ». Azo- «OL 01 IEINarf«ATTER«. « 

OXAZINE .COLODRING matter*—T he 

^colouring matters of thjb Series are closely^ 
related m strncturq to those of we thiazine 
group, the only difference in their general 
fotraulffl “ein^ qaused by the regjaoement of 
the coupling sulphur atom by oxygen. Two 
typical examples In Capri blue and methylene 
Wu# wNl illflstrrfl^ this stf lament: 


. 0\/0 


' • * Methylene blfte (Ihlazlne). • 

.N . • • 

dOapri blue (oxa^dne). 



COWUEING MATTEES. 


fts 


Gontlitution .—^The formula for •Oapri blu| 

f iven abSre ■ represent this sutetance as a 
erivati^ o&.^-quin^e-dilmide in whifti salt 
formatIpn^is produiea Sn the imido nitrogen ai 
in, for ^zam|de, magenta, Wi^fiin recent years, 
attempts have been made to assign to the 
oxazines #in ortno-quinone formica 6f the same 
oharactef as that whiohiis now generally accepted 
^8 best expreseing^he structure of the colouring 
«f&tters ol the azine series. On this basis the 
formuhk of Capri blue becdlnes 


0 • 


Nitrosodfmethylanillna 
, hydrochlo|lde. • 


2 


(CH,),N' 


• ^ hoQ 

^'Daphthot 

.OCd 


Cl 


*• 


neMola’B blue (chloride). 


0 "^ 


+3HjO 


+C1H(GHj)2n/ 

.^«ym*cU^othyl-p>phenylenedlamlne. 

Literature .—Melciola (Ber. 1879, 12, 2066; 
Chem. Soo. Trans. 1881, 39, 37); Nietzki and 
Otto (Ber. 1888, 21, 1745); Wit* {ibid. 1890, 23, 
2247); Nietzki and Bossi {ibid. 1892, 26, 2294), ( 
Meldola’s blue appears in commerce under other 


in which salt formation is represeffbed as having 
taken place through the passage ff diad into 
tetrad oxygen. The work of Kehrmtnns and 
others shows that many of the properties of 
these qpmpounds can be better explained by the 
oxoniufa formula than by the para*ciuinonc 

structure. %tk the present article the oxonium __ __ _ 

formulae have b#en used mainly for the sal^e ofJ names of which the following are the more 
uniformity, although it must be remeraborea^: important: new blue R, fast blue, cotton blue, 
tha^ it is by no means certain tliat the para-! fast navy blue, and naphthol blue.* * 

. -*u., ....u I evident from the above e^^uatidli that 

the formation of an oxazine colouring matter •f 
the type of Meldola’s bluc^nught bo expected to* 
ensue when any derivative of )3-naphthol is 
treated with a derivative of nitrosodimothyl- 
aniline provided that in the one case the adjacent 
position to the hydroxyl group is unoccupied 
and in the other the ortho-position to the 
nitroso-group is free. In practice, however, 
the formation of colours of this character is , 
confined to the siny)ler reaction. Nevertheless, 
a new method ffii% tho preparation of these 
colours wall introduced by Reissig in 188^ and 
by its means a number of important colours 
were added to the group. Tho new process can 
be best illustrated by referring to the production 
of Nile blue A, which is produced by the inter- 
actiogi of nitrosodiethyl-w-aminophenol hydro- 
chloriae and a-naphthylamine. ^ 

Preparation .—Quarter litre flask, fitted 
with an air condenser, containing 10 grams of 
a*naphthylamino hydrochloride dissolved in 
LlOO^rams of glacial ace|^ acid and 20 grams* 
"of water, is heated on the Sknd-bath ugtil the 
contents are at the boiling-point when 17 ^ms 
of ifitrosodiethyl-w-aminophenol I^drochloride 
a«e added in small portions at The 

vigorous reaction which*is caused by eajh 
. adition is allowed to subside before a fresh 
ed.^l portion is added. When alL^e phfnoi has been 
used the mixture is allowedto boil for half an 
hour when the colouring matter sepam^^s as 
glistening ciyatals on cooling. ^ ^ 

^operiies .—Crystalline powder, with marked 
bronze reflex, soluble in water, alcohol or pyri¬ 
dine forming a.blue solution. Dissolves in 
concentrated sulpluric acid forming aif orange- 
^red soiulion^whioh, on dilution, pa^s through 
green to bhic. It is emj^o^ed lor the dyeing 
of tannined cotton on whiw it produces^a bright 


quinonc structure of the salt is incorrect. 

Gener%l desr.riplion and methods of prepara- 
fion .—The colouring matters ot the series may 
"bo conveniently classed under tw’o heads: 
(a) the basic colours; (6) the mordant colours. 

(a) The basic colours. —I’hese compounds are 
the hydrochlorides, sulphates, and, in some oases, 
the zinc chloride double salts of the oxazino 
bases. I’he most typical member i.s MeldoIa^S 
blue, whicb#vas prepared by Moldola in 1879 and 
was the first colour of tho series to bo isolated. 
In tho first instance th^reparation f'as effected 
by ajlowi^jd-naphthor to react with nitrosodi- 
leSjiftfflno iiydrochloride in glacial acetic 
acid solulion. At the present time alcohol is 
UBodias a solvent awd the cfflour is obtained by 
the following means. • , 

Manufacwrfi. —A mixture of 20 kilos, of 
fl-naplithol, 20 kilos, of nitrosodimethylaniline 
nydrooh4«ride, and 90 kilos, of aloohoV is 
g^uai^%eated in an dhaijiolled pan Jitte^ 
vmh a •reflux conflonser, set in a wate%bath, 
until a vigorous rc%cj^n sets in.* The solution 
ii quickly rgn out of we pan and jp isolated as 
the zinc chloride double %alt by adding a 
solution of zinc'chloride until ngtfuriiier pre- 
oipi1»te is 4)btained. The •crystals which 
separate are centrifuged, w^hed with about 
36 Ulos, of aloaiioV fi^nd dried* T^ie ymlif 
28 kilos, ^ohultz, Farbitofftabellen, Sr 
221 ). - 

Properties. —Tho coIoot is a dark violet 
powder, soluble in water foriAmg*a bluish-violet 
solution.. It dy^ #otton mor^nted with tannic 
u nj^j ad tartar emetic an indifo shade of blue. 

of formaUor^TheTQ IB nod<m]?t 
that the formation^! an oxazine colounng 
matter, in the ftai^er dMcribed above, involves 
the reducti(^ ^ne-tmrd of tho nitrosodi¬ 
methylaniline useivto asym*dimethyl-^-phenyl- 

f nedpmine and that the qqu|lion representing 
he Tormation of Mel jolt’s blul can be written 
as foUowb:— 


phade of blue. ^ 

I# MeeJ^niem offtrn^ion. —llhe'formation of 
f Nfle bltft A may be expressed by an equation ^ 
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similar to that gir»n in the case of MeldolJ's 
blue, as shawu below: 


(C.hJ),n/ 


a-*"' 




ii. 


Cy - • 


(C.H, 


V\oH ' 


“{-SHjO 


Literature, —Uoi^g (B. 4 S. l‘\), Eng. Pats. 
4476, 1888; 11046, 1891;*U.S. Pat. 43J641; 
D. R. PP. 46268; 74391; Fr. Pat. 189368; Bayer, 
D. R.*P. 49844* Fr. Pat. 198588; Mohlau and 
Uilmann (Annalon, 289, 111); Thorp© {Chem. 
Sue. Trans. 1907, 91, 324). The commercial 
product in usually the sulphate. 

Other members of class (a) may be summa¬ 
rised as urift^r; they are employed as tannin 
cotton*coloura. 

♦ Capri blu 8 is formed from nitrosodimothyl- 
^i-nilino and diothyhm-aminocrosol (Bender, 
1890), and the Cresyl blues (Bender, 1892) are 
derived from nitrosodialkyl-tJi-amino-p-creaol 
and roeta- or para-diamines. 

New blue B is formed by the condensation of 
a. 9 vm-dimethyl-p-phenylenediamine with Mel- 
dola’s bine; 

/^\ N 

* 

. 0 

^1 

• 

It has been already stated that this ba^ is a 
^by-product in the fOTmation of Meldola’s blue. 
It therefore follows that New blue is always 
present in small quantities in commercial 
Meldola’s blue. 

’ In its manufactui%a mixture of 21 kilo^ of 
j3-naph4hol, 30 kilos, of nitrosodimethylaiiiline 
hvd#oohloride, and 90 kilos, of alcohol arc 
heated to about 70° for about 2 hours an(f the 
colouring is precipitated by the additieft 

of an alcoholic solution of 6*6 kilos, of zinc 
chloride. 

New metliylene^ue is formed by the action 
of dimethylamine on Meldola’s blue : 


N 


** 0 • 


fbese dyes are obtainef by oondenfinE 
alkyldi^minobenzhydrols %mth Iiil^dolir^ 

ni_j.... _;_-..XJ.3L _ 


New fast blue T, H (New Indigo blue R),-> 

' tetra- 
. 8 blue. 

Ibey dye tannin-mordal!L^e<i oott% ^ parlous 
shades of indigo‘yue. ^ , 

Nile blue 2B is formed by the condensation 
ft nitro 8 od*otljyl-m-ammophenft hyd|pehloride 
and benzyl-a-naphthylai 3 |ine (P. Julius, 1891): 


C.H*-CE 





The basic^qplours of this series have been 
used for some considerable time as stains for the 
purpose of colouring microscope sections; like 
other bavSio colours, they stain the nitrogenous 
parts of^he section leaving the neutral regions 
unooftured. It has been shown by Lorrain 
Smith (J. Path. Bact. 1907, 12, 1) that certain 
colours of the oxazine series possess the ^rurious 
pre^orty of staining sections conts^ning* nitro¬ 
genous matter and neutral cTifferentially; 
|€hat*®la to say, whilst the nitrogenous matter is 
coloured blue in the usual manner the neutral 
fat is stained red. The colouring matter wilioh 
exhibits this property to the greatest iglegree is 
Nile blue A, and there is no doubt that the 
cause of this behaviour is due to the partial 
hydrolysis of the dye in solution, liJius; 

Cl 

I 




^.0 
I..*! 
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Nile blue A (chloride).—Blue. 
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O' 0 

\A/\ 

* 1 t* 
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> ^ *Thepheno»pbtlioxa!loD.e.-“Itlt. 

Jt is foun(i*(Chem. SoOg^'Jl^ans. 1907, 91, 324) 
that small qiantities of tie oxazine are formed! 
so soon as the dy 6 is dissolved in water and 
tl^t it i»rea»lily extracted by neutral solvents. 
It is evident, thlrefore, that the sIRining ofrthe 
ne^^tral fat is due to the extraction df the 
ox^iil^ by (he la*. ft** 

* {h)^Thc mop/fant%cdour8. —^Thei* colouring 
kmattcra of this section are prepared by the 
'condensation of ifttrosodialkylaniUnes with 
compounds o^thj type of gallic acid. Ilj© 
oxazine contains, theref ^ two jiydroxyl 
groups in the orio- position to the oounling 
ojweft atom; constq^ntly, like aliihrin^fSey 
yiero insoluble lakes wiwi%ietallio salts and can 
be employed as mordant ^Iqfrs.' A typical 
I member of this group is Galnesimfge, which can 
• ’* be prepared by tk© condensation of nitrosu- 

It dfea (^tton mordanted ^ith tannin af dimethylaniline l^th,gallic acid.’ ^ . 

greqniBh'blu% f%Bt to iignt %nd washing and in ManufiSUure:-~A ipi^ure of 75 kilos, of 
^also employed for the dyeing cf silk. ^ 4 gallic acid, 36 kilos, of *nitrosodimetAtyIaniliii 6 


.Cl 



m i _..... __ 

jiil bMe^uitto * s(ia|K eritdetuer; W ^oa, of I aetion <d anfiine andaalM^eilt •nljAsitattOD; 

tilte hy&mihloride are ad^d; : DltraoyaBlne B u ^oduoed by oondeasisg 
J fcfd ton™ and the wholAsU gailopyanine with resireigol; it« reaction j»o- 
aB&mn'ttoaadi^hyianiliae hydro- [ duet is known as Ul^oyadine B. 
tddonSs Ub diaanpeared. On cooling, the py>-| The Phenvysoim (de la Harpe,*1893) Sue 
washed with'VOO litres of [obtained by the aetion of resorcinol on the 
dried, l^ie colouring matter is a gallmyanine whiofis formed^by the condensa- 
bW*^ 5owdM»tii(swuWe in water. It dyeattionh* nitrosodiethylaniline and gallic *oid. 
glkiriae^Buiidanted wool bluish-violet, and is* Pbenolyanllie VS ij^he initial product, and 
■lilsb fbr Anting upon ohrome-mordanted ' Phenocyanlae TC is ffirmed from this bv the 

_. oAdifliifg action of air; its structure is pro'bably 

fwnaivifi .—The course of the ’ represented by t)ie formula: 

OCeH4-OH 


whioh is ^f the same cb|teeter as that 
skowQg oan be illustrated oy thg fullow* 
i&g: equation— • 

COOH» 

N CO-—0 

s/\. 
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(OjHsliN- 
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Qallocyaninri. 


,H,N| 


!N(CH,,).,HC 1 


Lileralure. —^H. Kochlim J), E. 1’. 19580, 
1881; Eng. Pat. 4899, 1881; I'r. Pat. 145085; 
O.S. Pats. 263721, 257498; Mon. Scion. 1883 (3) 
13, 292; Nietzki and Otto (Ber. 1888, 21, 1730 ; 

1892, 26.- 

The 


Phenocyanlne TV is the sulphonic acid of 
Phenocyanine TC. • 

Gallanlllc violets (Mohler, f889) are formecL 
I ‘ by the action of nitrosodialkylanilines on the 

anilide of gallic acid. 

Modem violet (Blue 1900 TC) is a leuco- 
, gallocyanine obtained by reducing ^allocyanine 
or its derivatives. • 

Modem violet N (Qalio violet) fc obtained J)y 
heating the gallo* and leuco-cyanines, derive* 
f 2HCI-f 3H_.0 from gallic acid, to 100> The constitution is 
n'i>re«cntcd by the foi niula : 

KH-, 


UCI.R.N' 



OH 


er dyestuffs of this group are, • for L ““f "f 
the most part, dorieed either divctly I I'fllotrope (Modei*b|jeUotrope), obtained by the 

gal^ya^e by the aWen of v,jri>ue reagents, j “^r ^Kb^qu^?rS^^ 

The tuZ ' (Anthracya^nX Chmmace- 

ing are & more inipdrianPmLbers^^ i Pfodiced by.the interaction of gallo- 

' =teno*CteeSS?e. "^H ^u^d 

by sulphonat^ the product formed by heatag ; „aUco.printing. 

gallocyamne hyurochlonde with aniline. When : uut^ /Tintv. 

the interaction is carried out in the cold an 
domeri^ sDolouring matteChromazuri&ey is 
(ftftained.* The C&romocyanmes (de la^^ariie 
and Vrfheher, 1898| we formed by the action of^ 
inlj^tes on gallocya^es. ,i, 

i&daUatflD (de la Harpe'^nd Vauchers 1900) 
jls obtained freta the gallocya^o o^lphoipc 


Aoi^ by thesoction of sulphites^ 

‘I^Umtae bine (Oo^, 1889) is formed by 
the action of qj^r<Mq|iimethy!«guiii^ om,g^a- 
Qdde. * * ^ 


^ the oorrespondi^ dietll^ derivative. It is 

r sbabb tdiat the formula (S tb^e compounds 
best ei^ressed ^y«the struAure: : 

•*»,’ *• ■ tfO-NH, 




• VC ) vO >- 
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Modern blue (Ga&o green DH) is obtained by 
treating gallocyanine with formtddohyde. It is 
used for obtaining green to dark blue shades in 
oalioo-printing. 3 • 

^une pure, prepared^rdm nitrosodimethyl* 
aniline hydrochloride and methyl galtatg, is- 
alscbmuch used in calico-printing jor obtaining ' 
Muish-violet shades. 

The above colours ar^ largely used for the 
dyeing of chrome-mordanted wool on whlbh 
they produce various shadoof bMe and violet. 


(CaaeritosIllue'B) (Bierer,^ 1893), 


to the oxazine series:— ^ 

Muscarine (Aunaboim, 1885) is prepared bf 
the aetion of nitrusodimetbylanufne hydro* 
chloftdo on f-I-dibydroxynaphthalene. Its 
structure is represented by the formula: 

* ‘ N 
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It is era»ioyed in the dyeing of tannine^ 
cotton on waion it prodaoes a fairly ffet shade 
of blue. - f ^ 

The Alizarin Green:: (Elsfissor, 1895) are 
pi^pared from d-napl^hoquinone sulphonic acid 
and certain aminonap^holsu^honio acids. 

Thus Alizarin Green Q is pfoduoed fwhen 
/9-naphthoquinone sulphoniq^ acid is condensed 
with l-amipo-2-ii:vphthol-6-8ulphonic acid vnd 
is repressnt^ by the foiraula: ^ * 



Alizarin Green B is formed from the corre- 
spiinding 2'ainmo-l-napbthol-4-8ulplionio acid 
and has the structure ; 

aN . 

_ 

1—SO,— 



Uoth colou^ng matters produce fast shades of 
giwn chraine-mordaniod fabrics. 

Fast Blaqk (Bender, 1889) is formed by the 
pdiidensation of nitrosodimethylaniline with 
frt-hydrorydiphenylan»no. The structure of this 
compound is, in all probability, represented by 
the formula: 
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'Ihe dyustuff produces an extremely fast 
shade of blue-black on tannin-mordanied 
•cotton. 

Resorcin Blue (tIUrich, 1898) is always 
produced directly on the cotton fibre by taijating 
, the material, impregnated^with tannic acid and 
resorcin, with nitrosodimethylanilinc. 

Fluorescent Blue (Iris Blue) (Weselsky and 
Benedict, J880) is made by the brominatioii of 
resorufin, a cemppdl.-l which is produce^ by, 
heating; nitroaoreaorcinol with resorcinol in the 
presence of concentrated suljihuric acid. It has 
the struoturo: * 

N 


•YY 1 ^ 1 ®^ 

I Br O Br 
I 


OH 


and dyes silk and wool a fairl/ bright shade of 
blue, the dyed fabric retaiiSing, to a certain 
extent, ^>he brownish fiuoreseence of the dye 
solution. V J* F. T. 

OX-GAlX V. Bile. , • 

OXIDISED OMv^Oils (Fixed) and Fats. 
OilEBOLE V. Ai^o -ACIDS (ABOMATIC). 

OXOMirgcc. Exploswes. e ^ 

^XOHITlBEhi, AcoTuinfe., . 

OXOZONE V. OajNE. ‘ 


0 OXYACAOTHISE C,^„NO,. An alkaloid: . 
associated with berberir^nd berbAin&e in her* 
beris root (Hesse, Ber. 19.^90). (* 

^ 0XYA!h'HR4RUFiN. Qjcychr^ascn^. 

lARIN AND ALLIB?» OOLOTJUINO MArfK8.< 

. . OXYAZO- DYES t;. Azo- dym. 

OXYCAMPEOR V. SyNTHBTid dbucs. ' 
OXYCANNOBIN o. RffiiNS. 

OXYDASES. The term ‘ dkydase * was fin^ 
applied by Bertrand to the group of oxidMi^^ 
ferments which possfess certain charactf^fistios 
common to enzymes. Although,^ihere is mjoh e 
in the behaviour of'the oxydises whio^, di8*r> 
tinguishes tiem sharply frCm other enzymes, 
particularly the fact that they are gefeeraily 
associated withe manganese, it is customary to- 
fegard them enzymes and to define them as 
HUDstances whioft, under physiological oon- 
ilitions, rapidjy carry oxygen to materials on 
which otherwise oxygen would act slowly. 

()xyd|kseB^ act as catalysts, their activity 
rises ^ an optimum with increase of tempera¬ 
ture and then falls with a further rise: it is 
destroyed on boiling. They are insoluhle in 
alcohol, absorliod by colloidal precinitates and 
unable to dialyse. Although it is Claimed that 
‘.he riAore recent researches point^dofinitely away 
from this hypothesis, they arc selective in their 
action, different oxydases acting only on certain 
groups of more or less closely related materius. 

The power of effecting oxidation is accom¬ 
panied by a marked absorption of oxygen from 
the surrounding atmosphere. 

Oxydases aiH? so universally distributed and 
take part in so many natural phenomena, 
particularly those which are manifested extern¬ 
ally by colour changes, that it is surprising so 
little is underst<^od as yet about the meobamsm 
of ^thoir action. A number of reao*ent« have 
been employed in their study: few of these are 
really satis'actory. ' , 

The m()8t'‘'cxten8ivcly used are^ <'(uaia<^m, 
which gives a blue coloration and pKffiprtate j 
quinol, which is oudise^to quinone ^Bertrand, 
Compt. rend. 1894, 18, *1216); i^ogrUol, 
wliich gives insoluble purpurc^ailin (Bach' and 
Chodat, Ber. 1904, 37, 1342); ‘VaMlin, which 
forms insoluble dchydrovanillin (Heraog and 
Meier, Zeitsch. physiol. Chem. 190^''-57, 3^; 
1309,' 59, 57). TheMiehavionr of tyifoslnase V 
studied on tj/rosme which becomes ficBt red, 
t then black and finally ‘-v black precipitate. 

I Salicylic; ald..hyde, the l^cobase cf malaohitb 
; green, phenolplithaloin, &c., Ijg-ve also found 
! employiUentC''* [For a complete list of oxydase 
reagents and rmcrences to the oi%nal peters, 

V. a, Kastle, V.H. Treasury Dept. Hygienic 
DaSQ*>tory, BuUetin No. Of ] ‘ ^ ^ 

O^e of the' mosC satisfaotory 'reagents is 
C benzidine as used-.by Keeble and Arostrong 
(Proc. Roy. Soc. 1^,1^ 87 b, 126) both for general 
work and foi- th^ localiatttion of oxydases m 
situ in plant issues. This u either in ^ p.c. 
solution in 50 p.Cv.etbylaloohol or as a satyaij^d 
selRth>n in 1 or 2 p.?>. ^cUun^ohloridF. Blue or 
violet • brown oolorations or mecipitates are 
obtained when the resj^tion pc^tfv^, ow^ng to 
the formation of roed-quind^pid’y^ ^ dipheno 
quinoneMimine wiCh Wizidinfi ii^lf. In the 


paper cite^ thc^jl^lqjur reactions with oxi|dMg 
given by varicus phenqjs*either aioiM Ir in 
admixture a^e cuscuBsed ilN length. % 





The better known QxydMde mW— ^ 

1. Latcaatf which IxidiBes maiecuio, quin^ 

taiuun^c>> *&&d i»Jplery widwy distriltated in 
plants - • • * « •,! 

2. ’2^f<wna«e, which omfises iftosm and' 
allied subaCanoqe: it oocura m both plants and 

Leaf studied have been-r • e 

zTmdehvdase, a% animal OTvdase, which 
s&^o^i^ehyde and other aromatic 
tfUdehydes. < 

imJndophenol oxydase which is widely cU8< 
tri^awd in tissues: it fonns indophenol 

a*naT^bol and p-phenylenediaminc 
^^ffmaon and l^itzer, Ber. 1^5, 28, 667). 

addition, enzymes known m peroxydases, 
which oxidise res ents only in preseffoo of a 
peroxide like hydrogen peroxide,^re universalji’^ 
distributed in living celts anditfesues. 

The view is gaining ground that oxydases 
are not«entities but in reality •knixtures of a 
peroxydase and an unstable organic peroxide 
(Moore an(f Whitley, Biochem. J. 190®, 4 136 ; 
Bach and Chodat, Ber. 1^3, 36, 606). Many 
plants contain organic bodies capable of autoxi- 
dation, thereby becoming organic peroxides. 
This Bupdfcsxiaation may be caused by an 
enzyme—the (vyiygenase . These two compo^n^ 
peroxide and peroxydase, arc essential tnl 
constitution of an oxydase. 

* Catalases are ferments which decompose 
hydrogdh peroxide but cannot effect the oxida¬ 
tion of oxydase reagents, a distinction first 
drawn by Loew (Bulletin No. 66, U.B. Dept. 
Agric. 1901). They arc very widely distributed 
in vegetable and animal tissues. Catalase is 
soluble in water and destroyed by heat. Con¬ 
siderable interest attaches to the catalase 
(homase) of blood (Senter, Zeitsoh. physikal. 
Chem. 19QJ, 44, 257 ; 1906, % 673). 

It has been suggested that the function of 
catalase is to protact the orgarasm against 
eMessivc oxid^ion, bftt the inal^li^ toalccom* 
polei^h4ftuted organic peroxides or oxygenases 
(Bach ftid Chodat, Ber. 1903, 36, 1766) and 
otl^r facts are agawst^is a<ew and the question 
is A yet but impcn^tly understood. 

Peroxydasss and catalases aro so widely 
^stributed in living tissues that their presence 

t plight g^huost be used as a chemical tesj, for 
al actf^ty. They arc ofcaracterised by great 
bilijy T thus tie peroxydase of horsn-radisli 
is not entirely dostreyed when^ts solirtion i^j 
^iled for a short The aeti^ty of a weak ' 

oxydase ijf greatly inereasfld by a peroxydase, 
more especial!^ by that from sa|pc source 
asJtself. Cfaey gradually lose their activity 
duraag the oxiemtionB which they bring ab^t. 

PerqxydascNiK anp^r invaJl^bly to comain 
,raanganc8|| and Bertrar^ (Cunpt. renm 
124, 1032, 1365) has shown that the ofldi8in& 
power of laecase is propoidfonai to the amount 
of mangaxmse present; <artJ|ior, that the 
addition of a bv^ amount ot m&gapese greatly 
increased the onoising powe^f lucerne laocaso. 
‘Hi^hersfore regards myiganese as tjbe oo- 
ferment of laooase ftie same way asJnjWto- 
oMorio acid i#the co-fermerit of pe^n. The 
manganese caimot^o rd|)lved by other metals | 
in Hie case Bf lacoCe, but i^n and ot^er metals 
have similar «fapotioQB wit^ other enzymes. 
^OoUMdal suspensions an^ Mutioas of these 
metiUs ^ave been If artifioialJI 


j^broxydaae systems. The subject m a oda^plmc 
one. Far lit^ture, see Kastle, l.c^ 

Tyrosinase. Aot oxidising ferment acting 
dn tyrosine is widely i^tributed in both plants 
and animals. When tne^zyme is addea ta a 
solution of tyrosine, the mixture bournes red, 
then black and depAits finally a black precif4 
tate. * The amount of action is conveniehtiy 
ifiM^rod by titraAng with 0^2 normal potas* 
siinu permanganate a^r the additiop cyf sul¬ 
phuric acre (Bach, 1908, 41, 2t6) until the 
oglour of the titer disappears. 

Tblf change is responsibfe for the reddening 
and subsequent blackening observed in certain 
fungi and in th% roots and tubers of plants. 
Tyrosinase is a^u afimportance in the formation 
^of animal pijnenti—melanllis as sthey are 
termed (v. VOn Fiirth and Schneider, Beitrt 
chem. Physiol. Path. 1901, 1, 229; also von 
Fiirth and Jerusalem, t6id. 1907, 10, 131). 

Tyrosinase i| ^irely different from laccase 
which usually acoqmpani& it in plants. The 
peroxydase of laccase activates hydrogen per¬ 
oxide towards guaiacum, quinq|, pyrogaLbl, Ac., 
but not towards tyrosine, whilst the peroxydase 
of tyrosinase acts only on tyrosine and certain 
anuno compounds and docs not affect the 
laooase reagents. 

Vegetable tyrosinase is best obtained from 
fungi—species of Hussula or Agaricus—^ from 
wheat bran (Bertrand and Mutei^iiloh, (k>iqpt. 
rend. 1907, 144, 1386). The young fresh fungus 
is macerated with chlcflhiform water or with 
glycerol, or the enzyme may be precipitated 
from the aqueous extract by alcohol (Bach, 
Ber. 1908, 41, 221). 300 c.c. of clear expressed 
fungus juice is poured into i *5 litres of 06 p.c. 
alcohol: the precipitate is filtered, washed with 
alcohol and dried in a vacuum. The activity 
d^ends on the age of the fungus. * 

To obtain ittf^om wheat bran, 1 part is 
allowed jy) stand with 4 parts water—the 
mixture is centrifuged and the solution Anixed 
with 3 vols. of 96 p.c. alcohol. THe precipitate 
is separated, washed* dissolved in distilled 
water. The enzyme is again jirecipitated by 
alooi^l, collected and dried tn vacuo ; the 
sub^nce obtained amoiyits to 0*8 p.c. and 
contains no laccase.^ ^ 

Sources of animal tyrosinase are the ink sac 
of the cuttle fish and the pupae of the butterfly ' 
of the species Deiciphilit^uphorbice (von Fiirth 
an# Jerusalem, l.c .). ^ % 

Tyrosinase is sensitive to the action^f acids 
and alkalis and certam poisons, particularly 
l^drocyanic acid. It obeys thoijaws of mass 
action in the production of m«lanhi from 
tyrosine (Bach, Ber. 190^, 41, 221). • 

Tyrosinase acts equally well oAracemio, dei- 
tro- and lasvo- tyrosine. gives characterutic 
colours with compounds antdogous to tyrosine 
containing# phenolic hydroxyl (BertranS, BuJ. 
Soc. chim. 1908, [iv.] 3, 335). It gives colour 
changes with hSn^gentisic acid and tryj^tophane 
and with polypeptides containing tyrosine; the 
flatter are a<ft oo^ured like tyrosine hwb become 
yellow,^hen orange and finally mrfogany red. 
The na^r#of the amino acid modifies the colour 
(Abderhalden and Gugg|fl^eim, Zeitsoh. j^bysiob 
Chem. 1907, 54, 331: also Chodat and Stanb, 
Arch. Sci. VhjB, Nat* 1907, 23. 1^6} 19^24, 
3^). ■ f • • • ^ 







ft i l ii | i^;^;aa «bW' «om- ^ 
^^^mi&o Mid, ft ‘i»/Ma' U 
j^dooed colo^ of* 
« of ikt fttoioo oom> 
oh. S^ji, Pfays, N&t. ( 
l^40)Heiui«lbo^ ciitr'bon dioxido, 
ft&d ammoma We produced,^ mhin 
xyoase ^a on glyc^® or (Lherf 
ftmi&o lioiiL. See fuif 'Ner Keeble/Armstrong 
ftudJohes, Proc. RoyrStoc. 1913, S7 b, 113, .'^or 
the bearing of the£^ results on the formtC^ion of 
ftftthdoyan pigments. 

LftCCftse is of almost uniye.sal distribution 



in the v^etable kingdom, u>i^ ^s occarronce in 
Mimais ij rare. It is soluble in Water and active 
aqueous extracts are readily obta^ed from must 
plazlh mat^als, the potato and cabbage being 
oonvenu^t sources. It is more stable towards 
heat 'and aioc^ol ^an t^^o^inase, the latter 
being deetvoyed at 70°: iaccase is killed on 
boUi^. If<^t acids and substances, such as 
hydM^n eyaq^ide and hydrogen sulphide, 
destroy its activity. 

It may be wted out from solution by 
ammosium sulphate. It is not specific in its 
action but promotes the oxidation of a la^ge 
number of^easily oxidisable substances. It is 
respoauble iSt the colour changes occurring in 
cqt fruit appl^, pears, &c., the brown 
dolour formed being considered to be due to the 
oxidation of tannin Iaccase (Lindet, (Jompt. 
rend. 1S95, 120, 370; Kastle and Loevcnhart, 
Amer. Chem. J. 1904, 31, 606). 

The problems of industry in which oxydases 
play a part are very numerous and great develop¬ 
ments await their successful solution. Such 
questions as the' prevention of the browning of 
nmits and vegetables during drying are of ^he : 
utmost importance if full \f% is to be made of 
BU(^ articles of food which are<, relatively 
penshkhle in the fresh state: oxydases play a | 
Uwrge part i*i these changes. The presence of j 
An oxydaae probably accojTBts for the fact that 
ihe perfumes o^many flowers rapidly deteriorate 
ftfter ,pieldi^, e^oially if they are bruised, 
^ain, the formation of aldehydes and ki^^ones 
»hi' cusentiai oils is perhaps lately due to the 
aohm of such enzymes {cf. Brooks, J. Amcr. 
CSiPB^ geo. 1912, 34,67). 

ta case of the a^ar beet Bunzel (Biochem. 

3iaHsoh. 1913, 50,^ IBn) has shown that%ny 
g^iis^abnormal disturbances of growth lead 
to {UQ inoieased oxydase content of the leeves. 
A its^^Jthe distribution of the oxydase 
t2ie.#l^a«s^ juices this plant showed that 





dases^^l 

Hy«We|* 

and Hopkins 
affords vatual 
of oxydases is. 
sense of the.iSoRi 
certain animal tiisftefw 


about the 

xanthin to \%io ac»d 
condiliCns. ! 

other pur^l. 
the reduction (f |imthyieiie blue. It is 
able that, when the bases are 


as xanthin rnd therefore uric arid 
at eq»ia9velooity in each ease, th^oribri; 
taking up two atoms of oxygen as hMt as 
takes up one atom. It is faxUi»r. ci 
that under aerobic condirions hypol^Kthib'' 
takes twice as long as xanthin for bon* 

version into uric acid. The anthcgB crimridw 
that the same catalytic system is res^Onrildblpii' 
both anaerobic oxidation and tW in preMfioe^ 
of oxygen. It is not dilfloult to tmderstandy^t 
example, that once some association ubetween 
the catalyst and the hydrogen and oxy|4B 
acceptors is established, the twq atoms of % 

required by hyp(^xanthin mav be as 
available as the one required by xanthin sinoe, 
tlie ct)ncentration of water which is thesoiurce.Ol 
oxygen is indefinitely large. Under aerobio cab* 
ditions, the velocity of change depends onlhe rate 
of supply of air (<^ygen), which is rel^vriyriow.' 
The fact that the eaaym© can inftaanee tvro 
centres simjiltaneously is q| considerable interest 

OXYDISIUn Si,H,0. A 
stance formed by treatiag ualcian Bltlrfde StSlib, 
cold dilate hydrooleSoric^ci^ in tie^arki 
powerful reccing proper^e; end u-apmniAil^i 
oualy inflammable In air. XRsate^ bromniel 
forms ailical bromide SijOHBr, kyowlyeed te. 
water to silical htjdroxide., a etroiw bilebj>f a IM' 
c^lou^;, forming sake with 
phuric acetic, and formic fmd% oPa^eiBI' 
oolonr,' and ^compowd to 

with carbon, tetrabnton4^1^kto 
and phosgen'e. The ■vwttzi' 

dised by. alklUa to .e*<4ufi!m at' 

hJdrOgen (Kafftokjr, 1|^ 

117. 209). .■-ii8aK|4£'o'^ 
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